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(57) ABSTRACT

A liquid crystal display device is provided, which includes a
thin film transistor including an oxide semiconductor layer, a
first electrode layer, a second electrode layer having an open-
ing, a light-transmitting chromatic-color resin layer between
the thin film transistor and the second electrode layer, and a
liquid crystal layer. One of the first electrode layer and the
second electrode layer is a pixel electrode layer which is
electrically connected to the thin film transistor, and the other
of the first electrode layer and the second electrode layer is a
common electrode layer. The light-transmitting chromatic-
color resin layer is overlapped with the pixel electrode layer
and the oxide semiconductor layer of the thin film transistor.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device using an oxide semiconductor and a method for
manufacturing the same.

[0003] 2. Description of the Related Art

[0004] As typically seen in aliquid crystal display device, a
thin film transistor formed over a flat plate such as a glass
substrate is manufactured using amorphous silicon or poly-
crystalline silicon. A thin film transistor manufactured using
amorphous silicon has low field effect mobility, but can be
formed over a larger glass substrate. In contrast, a thin film
transistor manufactured using polycrystalline silicon has high
field effect mobility, but needs a crystallization step such as
laser annealing and is not always suitable for a larger glass
substrate.

[0005] Inview ofthe foregoing, attention has been drawn to
a technique for manufacturing a thin film transistor using an
oxide semiconductor and applying the thin film transistor to
an electronic device or an optical device. For example, Patent
Document 1 and Patent Document 2 disclose a technique by
which a thin film transistor is manufactured using zinc oxide
or an In—Ga—7Zn—O-based oxide semiconductor for an
oxide semiconductor film and such a transistor is used as a
switching element or the like of an image display device.
[0006] The thin film transistor in which a channel forma-
tion region is formed using an oxide semiconductor has
higher field effect mobility than a thin film transistor using
amorphous silicon. The oxide semiconductor film can be
formed by a sputtering method or the like at a temperature
300° C. or lower. Its manufacturing process is easier than that
of a thin film transistor using polycrystalline silicon.

[0007] The oxide semiconductor is a transparent semicon-
ductor which transmits light in a visible wavelength range;
thus, it is said that use of the oxide semiconductor for a pixel
of a display device makes it possible to provide a high aper-
ture ratio.

[0008] Such an oxide semiconductor is expected to be used
for forming a thin film transistor on a glass substrate, a plastic
substrate, or the like, and to be applied to a display device.

REFERENCE

[Patent Document 1] Japanese Published Patent Application
No. 2007-123861

[Patent Document 2] Japanese Published Patent Application
No. 2007-096055

SUMMARY OF THE INVENTION

[0009] Thus, it is an object to provide a liquid crystal dis-
play device which is suitable for a thin film transistor using an
oxide semiconductor.

[0010] Inaliquid crystal display device including thin film
transistors each including an oxide semiconductor layer, a
film having a function of attenuating the intensity of trans-
mitting visible light is used for an interlayer film which covers
at least the oxide semiconductor layer. The film having a
function of attenuating the intensity of transmitting visible
light is a film having a transmittance of visible light lower
than the oxide semiconductor layer. As the film having a
function of attenuating the intensity of transmitting visible
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light, a coloring layer can be used, and a light-transmitting
chromatic-color resin layer is preferable. Alternatively, in the
interlayer film including a light-transmitting chromatic-color
resin layer and a light-blocking layer, the light-blocking layer
may be used as a film having a function of attenuating the
intensity of transmitting visible light.

[0011] When a coloring layer which is a light-transmitting
chromatic-color resin layer is used as the interlayer film pro-
vided over a thin film transistor, the intensity of incident light
on a semiconductor layer of the thin film transistor can be
attenuated without reduction in an aperture ratio of a pixel.
Accordingly, electric characteristics of the thin film transistor
can be prevented from being varied due to photosensitivity of
the oxide semiconductor and can be stabilized. Further, the
light-transmitting chromatic-color resin layer can function as
a color filter layer. In the case of providing a color filter layer
on the counter substrate side, precise positional alignment of
apixel region with an element substrate over which a thin film
transistor is formed is difficult and accordingly there is a
possibility that image quality is degraded. Here, since the
interlayer film is formed as the color filter layer directly on the
element substrate side, the formation region can be controlled
more precisely and this structure is adjustable to a pixel with
a fine pattern. In addition, one insulating layer can serve as
both the interlayer film and the color filter layer, whereby the
process can be simplified and a liquid crystal display device
can be manufactured at low cost.

[0012] As atechnique for realizing a wide viewing angle, a
method is used in which a gray scale is controlled by gener-
ating an electric field approximately parallel (i.e., in a lateral
direction) to a substrate to move liquid crystal molecules in a
plane parallel to the substrate. In such a method, an electrode
structure used in a fringe field switching (FFS) mode can be
used.

[0013] In a horizontal electric field mode such as an FFS
mode, a first electrode layer in a flat-plate shape (e.g., a pixel
electrode layer with which voltage is controlled per pixel) and
a second electrode layer having an opening pattern (e.g., a
common electrode layer with which common voltage is
applied to all pixels) are located below a liquid crystal layer
such that the second electrode layer is provided above the first
electrode layer so as to overlap the first electrode layer. By
applying an electric field between the pixel electrode layer
and the common electrode layer, liquid crystal is controlled.
An electric field in a lateral direction is applied to the liquid
crystal, so that liquid crystal molecules can be controlled
using the electric field. That is, since the liquid crystal mol-
ecules can be controlled in a direction parallel to the sub-
strates, a wide viewing angle can be obtained. Accordingly, a
liquid crystal display device with improved viewing angle
characteristics and higher image quality can be provided.
[0014] Chromatic colors are colors except achromatic col-
ors such as black, gray, and white. The light-transmitting
chromatic-color resin layer is formed using a material which
transmits only light of a chromatic color which the material is
colored in so as to function as a color filter. As a chromatic
color, red, green, blue, or the like can be used. Alternatively,
cyan, magenta, yellow, or the like may be used. “Transmitting
only light of a chromatic color which a material is colored in”
means that light transmitted through the light-transmitting
chromatic-color resin layer has a peak at the wavelength of
the chromatic color light.

[0015] The thickness of the light-transmitting chromatic-
color resin layer is preferably controlled as appropriate in
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consideration of a relation between the concentration of the
coloring material to be contained and light transmittance, in
order to make the light-transmitting chromatic-color resin
layer function as a color filter layer. In the case of forming the
interlayer film by stacking a plurality of thin films, if at least
one of the thin films is a light-transmitting chromatic-color
resin layer, the interlayer film can function as a color filter.
[0016] Inthe case where the thickness varies depending on
the chromatic colors or in the case where there is surface
unevenness due to a thin film transistor, an insulating layer
which transmits light in a visible wavelength range (so-called
colorless and transparent insulating layer) may be stacked for
planarization of the surface of the interlayer film. Improve-
ment in planarization of the interlayer film allows favorable
coverage with a pixel electrode layer or a common electrode
layer to be formed thereover and uniform gap (thickness) of a
liquid crystal layer, whereby the visibility of the liquid crystal
display device is increased and higher image quality can be
achieved.

[0017] When a light-blocking layer (black matrix) is used
in the interlayer film provided over the thin film transistor, the
light-blocking layer can block incident light on the semicon-
ductor layer of the thin film transistor. Thus, electric charac-
teristics of the thin film transistor can be prevented from being
varied due to photosensitivity of the oxide semiconductor and
can be stabilized. Further, the light-blocking layer can prevent
light leakage to an adjacent pixel, which enables higher con-
trast and higher definition display. Therefore, high definition
and high reliability of the liquid crystal display device can be
achieved.

[0018] Accordingly, an element layer, a pixel electrode
layer, a common electrode layer, and an interlayer film (the
light-transmitting chromatic-color resin layer) are formed
over the same substrate and sealed with a counter substrate
which is opposite to the substrate with the liquid crystal layer
interposed therebetween. The pixel electrode layer and the
common electrode layer are located so as to be stacked with
an insulating film (or the interlayer film) interposed therebe-
tween. One of the pixel electrode layer and the common
electrode layer is formed in a lower part (a position far from
the liquid crystal layer) and has a plate shape. On the other
hand, the other electrode layer is formed in an upper part (a
position close to the liquid crystal layer) and has various
opening patterns such as a pattern with a bend portion or a
comb-like shape. In this specification, the electrode layer
formed in a lower layer far from the liquid crystal layer (close
to the element substrate) is referred to as a first electrode
layer, and the first electrode layer has a flat-plate shape. On
the hand, the electrode layer formed in an upper layer closed
to the liquid crystal layer (far from the element substrate) is
referred to as a second electrode layer, and the second elec-
trode layer has an opening pattern (slit). In order to generate
an electric field between the pixel electrode layer and the
common electrode layer, the electrode layers are located such
that the first electrode layer in a flat-plate shape and the
opening pattern (slit) of the second electrode layer overlap
with each other.

[0019] In this specification, the opening pattern (slit) of the
pixel electrode layer or the common electrode layer includes
a pattern of a comb-like shape which has a partly-opened
portion, in addition to a pattern which has an opening in a
closed space.

[0020] In this specification, a substrate over which a thin
film transistor, a pixel electrode layer, a common electrode
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layer, and an interlayer film are formed is referred to as an
element substrate (a first substrate), and a substrate which is
positioned opposite from the element substrate with a liquid
crystal layer interposed therebetween is referred to as a
counter substrate (a second substrate).

[0021] Thelight-blocking layer can be formed on either the
counter substrate side or the element substrate side of the
liquid crystal display device. Accordingly, improvement in
contrast and stabilization of the thin film transistor can be
achieved. When the light-blocking layer is formed in a region
corresponding to the thin film transistor (at least in a region
which overlaps with a semiconductor layer of the thin film
transistor), electric characteristics of the thin film transistor
can be prevented from being varied due to incident light from
the counter substrate. In the case where the light-blocking
layer is formed on the counter substrate side, the light-block-
ing layer may be formed in a region corresponding to the thin
film transistor (at least in a region which covers the semicon-
ductor layer of the thin film transistor) with a liquid crystal
layer interposed therebetween. In the case where the light-
blocking layer is formed on the element substrate side, the
light-blocking layer may be formed directly over the thin film
transistor (at least in a region which covers the semiconductor
layer of the thin film transistor) or formed over the thin film
transistor with an insulating layer interposed therebetween.
[0022] In the case where the light-blocking layer is also
provided on the counter substrate side, there is a case where
light from the element substrate and light from the counter
substrate toward the semiconductor layer of the thin film
transistor can be blocked by a light-blocking wiring layer,
electrode layer, or the like. Thus, the light-blocking layer
need not always be formed to cover the thin film transistor.
[0023] An embodiment of the invention disclosed in this
specification includes a thin film transistor in which an oxide
semiconductor layer overlapping with a gate electrode layer
is a channel formation region, a first electrode layer in a
flat-plate shape, a second electrode layer having an opening
pattern, an interlayer film provided between the thin film
transistor and the second electrode layer, and a liquid crystal
layer over the interlayer film, the first electrode layer, and the
second electrode layer. One of the first electrode layer and the
second electrode layer is a pixel electrode layer which is
electrically connected to the thin film transistor, and the other
electrode layer is a common electrode. The interlayer film is
a light-transmitting chromatic-color resin layer having light
transmittance lower than the oxide semiconductor layer. The
light-transmitting chromatic-color resin layer is provided so
as to overlap with the pixel electrode layer and cover the oxide
semiconductor layer.

[0024] Another embodiment of the invention disclosed in
this specification includes a thin film transistor in which an
oxide semiconductor layer overlapping with a gate electrode
layer is a channel formation region, a first electrode layer in a
flat-plate shape, a second electrode layer having an opening
pattern, an interlayer film provided between the thin film
transistor and the second electrode layer, and a liquid crystal
layer over the interlayer film, the first electrode layer, and the
second electrode layer. One of the first electrode layer and the
second electrode layer is a pixel electrode layer which is
electrically connected to the thin film transistor, and the other
electrode layer is a common electrode layer. The interlayer
film includes a light-blocking layer and a light-transmitting
chromatic-color resin layer having light transmittance lower
than the oxide semiconductor layer. The light-blocking layer
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is provided to cover the oxide semiconductor layer. The light-
transmitting chromatic-color resin layer is provided to over-
lap with the pixel electrode layer.

[0025] In this specification, in the case where a liquid crys-
tal display device is a light-transmitting liquid crystal display
device (or a semi-transmissive liquid crystal display device)
which performs display by transmitting light from a light
source, light is needed to be transmitted at least in the pixel
region. Thus, all components provided in the pixel region
through which light is transmitted: the first substrate; the
second substrate; and thin films included in an element layer,
such as the pixel electrode layer, the common electrode layer,
the insulating film, and the conductive film, have a property of
transmitting light in a visible wavelength range.

[0026] Note that the ordinal numbers such as “first” and
“second” in this specification are used for convenience and do
not denote the order of steps and the stacking order of layers.
In addition, the ordinal numbers in this specification do not
denote particular names which specify the invention.

[0027] In this specification, a semiconductor device refers
to all types of devices which can function by using semicon-
ductor characteristics. An electro-optical device, a semicon-
ductor circuit, and an electronic device are included in the
category of all semiconductor devices.

[0028] In aliquid crystal display device which includes a
thin film transistor formed by using an oxide semiconductor
layer for a channel, an interlayer film which covers at least the
oxide semiconductor layer is formed using a material which
attenuates the intensity of transmitting visible light. Accord-
ingly, operation characteristics of the thin film transistor can
be stabilized without reduction in an aperture ratio.

[0029] Further, viewing angle characteristics are improved;
thus, a liquid crystal display device with higher image quality
can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIGS. 1A and 1B illustrate a liquid crystal display
device.
[0031] FIGS. 2A to 2D illustrate a method for manufactur-

ing a liquid crystal display device.

[0032] FIGS. 3A and 3B illustrate a liquid crystal display
device.
[0033] FIGS. 4A and 4B illustrate a liquid crystal display
device.
[0034] FIGS. 5A and 5B illustrate a liquid crystal display
device.
[0035] FIGS. 6A and 6B illustrate a liquid crystal display
device.
[0036] FIGS. 7A and 7B illustrate a liquid crystal display
device.
[0037] FIGS. 8A to 8D illustrate electrode layers of a liquid

crystal display device.

[0038] FIGS. 9A and 9B illustrate a liquid crystal display
device.
[0039] FIGS.10A and 10B illustrate a liquid crystal display
device.
[0040] FIGS.11A and 11B illustrate a liquid crystal display
device.
[0041] FIGS. 12A to 12C illustrate a liquid crystal display
device.
[0042] FIG.13Aisan external view illustrating an example

of a television device and F1G. 13B is an external view illus-
trating an example of a digital photo frame.
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[0043] FIGS. 14A and 14B are external views illustrating
examples of game machines.
[0044] FIGS. 15A and 15B are external views illustrating
examples of mobile phones.

[0045] FIG. 16 illustrates a liquid crystal display module.
[0046] FIGS.17A and 17B illustrate a liquid crystal display
device.

DETAILED DESCRIPTION OF THE INVENTION

[0047] Embodiments will be described with reference to
the accompanying drawings. However, the present invention
is not limited to the following description, and it will be easily
understood by those skilled in the art that various changes and
modifications can be made in modes and details without
departing from the spirit and scope of the present invention.
Therefore, the present invention should not be construed as
being limited to the description of the following embodi-
ments. Note that a common reference numeral refers to the
same part or a part having a similar function throughout the
drawings in the structures described below, and the descrip-
tion thereof is omitted.

Embodiment 1

[0048] A liquid crystal display device is described with
reference to FIGS. 1A and 1B.

[0049] FIG. 1A is a plan view of a liquid crystal display
device and illustrates one pixel thereof. FIG. 1B is a cross-
sectional view along line X1 to X2 in FIG. 1A.

[0050] InFIG. 1A, aplurality of source wiring layers (in-
cluding a wiring layer 403q) are provided to be in parallel to
each other (extended in a vertical direction in the drawing)
and apart from each other. A plurality of gate wiring layers
(including a gate electrode layer 401) are provided to be
extended in a direction generally perpendicular to the source
wiring layers (the horizontal direction in the drawing) and
apart from each other. Common wiring layers (common elec-
trode layers) are provided adjacent to the respective plurality
of gate wiring layers and extended in a direction generally
parallel to the gate wiring layers, that is, in a direction gen-
erally perpendicular to the source wiring layers (the horizon-
tal direction in the drawing). A roughly rectangular space is
surrounded by the source wiring layers, the common wiring
layers (common electrode layers), and the gate wiring layers.
In this space, a pixel electrode layer and the common elec-
trode layer of the liquid crystal display device are provided. A
thin film transistor 420 driving the pixel electrode layer is
provided at the upper left corner in the drawing. A plurality of
pixel electrode layers and thin film transistors are provided in
matrix.

[0051] Inthe liquid crystal display device of FIGS. 1A and
1B, a second electrode layer 446 electrically connected to the
thin film transistor 420 functions as a pixel electrode layer,
and a first electrode layer 447 electrically connected to the
common wiring layer functions as a common electrode layer.
Note that as shown in FIGS. 1A and 1B, the first electrode
layer 447 also serves as the common wiring layer in the pixel;
thus, adjacent pixels are electrically connected to each other
with a common electrode layer 409. Note that a capacitor is
formed with the pixel electrode layer and the common elec-
trode layer. Although the common electrode layer can operate
in a floating state (an electrically isolated state), the potential
of the common electrode layer may be set to a fixed potential,
preferably to a potential around a common potential (an inter-
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mediate potential of an image signal which is transmitted as
data) in such a level as not to generate flickers.

[0052] A method in which the gray scale is controlled by
generating an electric field generally parallel (i.e., in a hori-
zontal direction) to a substrate to move liquid crystal mol-
ecules ina plane parallel to the substrate can be used. For such
a method, an electrode structure used in an FFS mode illus-
trated in FIGS. 1A and 1B can be employed.

[0053] In ahorizontal electric field mode as an FFS mode,
the first electrode layer in a flat-plate shape (e.g., a pixel
electrode layer with which voltage is controlled per pixel) and
the second electrode layer having an opening pattern (e.g., a
common electrode layer with which common voltage is
applied to all pixels) are located below the liquid crystal layer,
such that the second electrode layer is provided above the first
electrode layer so as to overlap the first electrode layer. Thus,
over a first substrate 441, the first electrode layer and the
second electrode layer, one of which is a pixel electrode layer
and the other of which is a common electrode layer, are
formed, and the pixel electrode layer and the common elec-
trode layer are provided so as to be stacked with an insulating
film (or an interlayer insulating film) interposed therebe-
tween. One of the pixel electrode layer and the common
electrode layer is formed below the other one and has a
flat-plate shape, and the other electrode layer is formed above
the one and has various opening patterns such as a pattern
with a bend portion or a comb-like shape. The first electrode
layer 447 and the second electrode layer 446 do not have the
same shape or do not overlap with each other in order to
generate an electric field between the electrodes.

[0054] In this specification, the electrode layer formed in a
lower layer far from the liquid crystal layer (close to the
element substrate) is a first electrode layer, and the first elec-
trode layer has a flat-plate shape. On the other hand, the
electrode layer formed in an upper layer close to the liquid
crystal layer (far from the element substrate) is a second
electrode layer, and the second electrode layer has an opening
pattern (slit). The first electrode layer in a flat-plate shape and
the opening patter (slit) of the second electrode layer overlap
with each other in order to generate an electric field between
the pixel electrode layer and the common electrode layer.
[0055] An electric field is added between the pixel elec-
trode layer and the common electrode layer, so that liquid
crystal is controlled. An electric field in a horizontal direction
is applied to the liquid crystal, so that liquid crystal molecules
can be controlled using the electric field. That is, the liquid
crystal molecules aligned in parallel to the substrate can be
controlled in a direction parallel to the substrate, whereby a
wide viewing angle is obtained.

[0056] Examples of the first electrode layers 447 and the
second electrode layers 446 are illustrated in FIGS. 8A to 8D.
As shown in FIGS. 8A to 8D. first electrode layers 447a to
447d and second electrode layers 446a to 4464 are disposed
so as to overlap with each other, and insulating films are
formed between the first electrode layers 447a to 447d and the
second electrode layers 446a to 4464, so that the first elec-
trode layers 447a to 447d and the second electrode layers
4460 to 4464 are formed over different films.

[0057] As illustrated in top views of FIGS. 8A to 8D, the
second electrode layers 446a to 446d patterned in various
shapes are formed over the first electrode layers 447a to 4474.
In FIG. 8A, the second electrode layer 446a over the first
electrode layer 447a has a V-like shape. In FIG. 8B, the
second electrode layer 4465 over the first electrode layer 4475
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has a concentric circular shape. In FIG. 8C, the second elec-
trode layer 446¢ over the first electrode layer 447¢ has a
comb-like shape such that the electrodes are engaged with
each other. In FIG. 8D, the second electrode layer 4464 over
the first electrode layer 4474 has a comb-like shape.

[0058] The thin film transistor 420 is an inverted staggered
thin film transistor which includes, over the first substrate 441
having an insulating surface, the gate electrode layer 401, a
gate insulating layer 402, a semiconductor layer 403, n* lay-
ers 404a and 4045 serving as source and drain regions, and the
wiring layers 405a and 4055 serving as source and drain
electrode layers. The first electrode layer 447 is formed in the
same layer as the gate electrode layer 401 over the first sub-
strate 441 and is a flat-shaped electrode layer in the pixel.
[0059] An insulating film 407 which covers the thin film
transistor 420 and is in contact with the semiconductor layer
403 is provided. An interlayer film 413 is provided over the
insulating film 407, and over the interlayer film 413, the
second electrode layer 446 having an opening pattern is
formed. Thus, the first electrode layer 447 and the second
electrode layer 446 are provided to overlap with each other
with the gate insulating layer 402, the insulating film 407, and
the interlayer film 413 interposed therebetween.

[0060] As for the interlayer film 413 in the liquid crystal
display device of FIGS. 1A and 1B, a light-transmitting chro-
matic-color resin layer 417 which is a film having a function
of attenuating the intensity of transmittance visible light. The
light-transmitting chromatic-color resin layer 417 has trans-
mittance of visible light lower than the semiconductor layer
403 which is an oxide semiconductor layer.

[0061] When a coloring layer which is the light-transmit-
ting chromatic-color resin layer 417 is used as the interlayer
film 413 provided over the thin film transistor 420, the inten-
sity of incident light on the semiconductor layer 403 of the
thin film transistor 420 can be attenuated without reduction in
an aperture ratio of a pixel. Accordingly, electric characteris-
tics of the thin film transistor 420 can be prevented from being
varied due to photosensitivity of the oxide semiconductor and
can be stabilized. Further, the light-transmitting chromatic-
color resin layer 417 can function as a color filter layer. In the
case of providing the color filter layer on the counter substrate
side, precise positional alignment of a pixel region with an
element substrate over which the thin film transistor is formed
is difficult, and accordingly there is a possibility that image
quality is degraded. Here, since the interlayer film is formed
as the color filter layer directly on the element substrate side,
the formation region can be controlled more precisely and this
structure is adjustable to a pixel with a fine pattern. In addi-
tion, one insulating layer serves as both the interlayer film and
the color filter layer, whereby the process can be simplified
and a liquid crystal display device can be manufactured at low
cost.

[0062] Chromatic colors are colors except achromatic col-
ors such as black, gray, and white. The coloring layer is
formed using a material which transmits only light of a chro-
matic color which the material is colored in so as to function
as the color filter. As chromatic color, red, green, blue, or the
like can be used. Alternatively, cyan, magenta, yellow, or the
like may also be used. “Transmitting only light of a chromatic
color which a material is colored in” means that light trans-
mitted through the coloring layer has a peak at the wavelength
of the chromatic color light.

[0063] The thickness of the light-transmitting chromatic-
color resin layer is preferably controlled as appropriate in
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consideration of a relation between the concentration of the
coloring material to be contained and light transmittance, in
order to make the light-transmitting chromatic-color resin
layer function as a color filter layer. In the case of forming the
interlayer film by stacking a plurality of thin films, if at least
one of the thin films is a light-transmitting chromatic-color
resin layer, the interlayer film can function as a color filter.
[0064] In the case where the thickness of the light-trans-
mitting chromatic-color resin layer differs in accordance with
the chromatic colors or in the case where there is surface
unevenness due to a light-blocking layer or the thin film
transistor, an insulating layer which transmits light ina visible
wavelength range (so-called colorless and transparent insu-
lating layer) may be stacked for planarization of the surface of
the interlayer film. Improvement in planarization of the inter-
layer film allows favorable coverage with the pixel electrode
layer or the common electrode layer to be formed thereover
and uniform gap (thickness) of the liquid crystal layer,
whereby the visibility of the liquid crystal display device is
increased and higher image quality can be achieved.

[0065] As formation of the light-transmitting chromatic-
color resin layer 417, a light-transmitting organic resin, a
chromatic pigment, or a dye can be used, and an organic resin
in which a pigment, a dye, or the like is mixed may be used.
As the light-transmitting organic resin, a photosensitive or
non-photosensitive resin can be used. Use of the photosensi-
tiveorganic resin layer makes it possible to reduce the number
of resist masks; thus, the steps are simplified, which is pref-
erable. In addition, since a contact hole formed in the inter-
layer film has an opening shape with a curvature, coverage
with a film such as an electrode layer formed in the contact
hole can be improved.

[0066] There is no particular limitation on the formation
method of the interlayer film 413 (the light-transmitting chro-
matic-color resin layer 417). In accordance with the material,
awet method such as spin coating, dip coating, spray coating,
or droplet discharging (e.g., ink jetting, screen printing, or
offset printing) may be performed, and the formed film may
be patterned into a desired shape by an etching method (dry
etching or wet etching method) if necessary.

[0067] A liquid crystal layer 444 is provided over the first
electrode layer 447 and the second electrode layer 446 and
sealed with a second substrate 442 which is a counter sub-
strate.

[0068] The first substrate 441 and the second substrate 442
are light-transmitting substrates and are provided with a
polarizing plate 443a and a polarizing plate 4435 respectively
on their outer sides (the sides opposite from the side where the
liquid crystal layer 444 is provided).

[0069] The first electrode layer 447 and the second elec-
trode layer 446 can be formed using a light-transmitting con-
ductive material such as indium oxide containing tungsten
oxide, indium zinc oxide containing tungsten oxide, indium
oxide containing titanium oxide, indium tin oxide containing
titanium oxide, indium tin oxide (hereinafter referred to as
ITO), indium zine oxide, or indium tin oxide to which silicon
oxide is added.

[0070] A conductive composition containing a conductive
high molecule (also referred to as a conductive polymer) can
be used to form the first electrode layer 447 and the second
electrode layer 446. The pixel electrode formed using the
conductive composition preferably has a sheet resistance of
10000 £2/square or less and a transmittance of 70% or more at
a wavelength of 550 nm. Furthermore, the resistivity of the
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conductive high molecule contained in the conductive com-
position is preferably 0.1 Q-cm or less.

[0071] Astheconductive high molecule, a so-called r-elec-
tron conjugated conductive polymer can be used. For
example, it is possible to use polyaniline or a derivative
thereof, polypyrrole or a derivative thereof, polythiophene or
a derivative thereof, or a copolymer of two or more kinds of
them.

[0072] An insulating film serving as a base film may be
provided between the first substrate 441, and the gate elec-
trode layer 401 and the first electrode layer 447. The base film
functions to prevent diffusion of an impurity element from the
first substrate 441 and can be formed using one film or stacked
films selected from a silicon nitride film, a silicon oxide film,
a silicon nitride oxide film, and a silicon oxynitride film. The
gate electrode layer 401 can be formed to have a single-layer
structure or a stacked structure using a metal material such as
molybdenum, titanium, chromium, tantalum, tungsten, alu-
minum, coppet, neodymium, or scandium or an alloy material
which contains any of these materials as its main component.
By using a light-blocking conductive film as the gate elec-
trode layer 401, light from a backlight (light emitted through
the first substrate 441) can be prevented from entering the
semiconductor layer 403.

[0073] For example, as a two-layer structure of the gate
electrode layer 401, the following structures are preferable: a
two-layer structure of an aluminum layer and a molybdenum
layer stacked thereover, a two-layer structure of a copper
layer and a molybdenum layer stacked thereover, a two-layer
structure of a copper layer and a titanium nitride layer or a
tantalum nitride layer stacked thereover, and a two-layer
structure of a titanium nitride layer and a molybdenum layer.
As a three-layer structure, a stack of a tungsten layer or a
tungsten nitride layer, a layer of an alloy of aluminum and
silicon or an alloy of aluminum and titanium, and a titanium
nitride layer or a titanium layer is preferable.

[0074] The gate insulating layer 402 can be formed to have
a single-layer structure or a stacked structure using a silicon
oxide layer, a silicon nitride layer, a silicon oxynitride layer,
or a silicon nitride oxide layer by a plasma CVD method, a
sputtering method, or the like. Alternatively, the gate insulat-
ing layer 402 can be formed using a silicon oxide layer by a
CVD method using an organosilane gas. As the organosilane
gas, a silicon-containing compound such as tetraethoxysilane
(TEOS: chemical formula, Si(OC,Hy),), tetramethylsilane
(TMS: chemical formula, Si(CH,),), tetramethylcyclotet-
rasiloxane (TMCTS), octamethylcyclotetrasiloxane (OM-
CTS), hexamethyldisilazane (HMDS), triethoxysilane (SiH
(OC,Hs),), or trisdimethylaminosilane (SIH(N(CH,), );) can
be used.

[0075] Tt is preferable that reverse sputtering in which an
argon gas is introduced to generate plasma be performed
before the formation of the oxide semiconductor film used as
the semiconductor layer 403 in order to remove dust attached
to a surface ofthe gate insulating layer. Note that instead of an
argon atmosphere, a nitrogen atmosphere, a helium atmo-
sphere, or the like may be used. Alternatively, an argon atmo-
sphere to which oxygen, hydrogen, N,O, or the like is added
may be used. Further alternatively, an argon atmosphere to
which Cl,, CF,, or the like is added may be used.

[0076] In this specification, a thin film represented by
InMO,(Zn0),, (m>0) is preferably used as an oxide semicon-
ductor. In the thin film transistor 420, a thin film represented
by InMO,(Zn0),,, (m>0) is formed, and the thin film is used as
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the semiconductor layer 403. Note that M denotes one or
more of metal elements selected from gallium (Ga), iron (Fe),
nickel (Ni), manganese (Mn), and cobalt (Co). In addition to
a case where only Ga is contained as M, there is a case where
Ga and the above metal elements other than Ga are contained
as M, for example, M contains Ga and Ni or Ga and Fe.
Moreover, in the oxide semiconductor, in some cases, a tran-
sition metal element such as Fe or Ni or an oxide of the
transition metal is contained as an impurity element in addi-
tion to a metal element contained as M. For example, an
In—Ga—7n—0-based non-single-crystal film can be used.
[0077] In the case where M is gallium (Ga) in the InMO,
(Zn0),,, (m>0) film (layer), this thin film is referred to as an
In—Ga—7n—0-based non-single-crystal film in this speci-
fication. Even in the case where after film formation by sput-
tering using a target of In,0,:Ga,0,:7n0=1:1:1, the
In—Ga—7n—0-based non-single-crystal film is subjected
to heat treatment at 200° C. to 500° C., typically 300° C. to
400° C. for 10 minutes to 100 minutes, an amorphous struc-
ture is observed in the In—Ga—7n—0-based non-single-
crystal film by X-ray diffraction (XRD) spectrometry. Fur-
ther, a thin film transistor having electric characteristics such
as an on/off ratio of 10° or higher and mobility of 10 or higher
at a gate voltage of 220 V can be manufactured. In addition,
the In—Ga—Zn—O0-based non-single-crystal film formed
by sputtering has photosensitivity at a wavelength of 450 nm
or less.

[0078] The semiconductor layer 403 and the n* layers 4044
and 4045 serving as source and drain regions can be formed
using an In—Ga—7Zn—O0-based non-single-crystal film. The
n* layers 404a and 4045 are oxide semiconductor layers
having a resistance lower than the semiconductor layer 403.
For example, the n* layers 404a and 4045 have n-type con-
ductivity and an activation energy (AE) of from 0.01 eV10 0.1
eVinclusive. The n* layers 404a and 4045 are In—Ga—Zn—
O-based non-single-crystal films and include at least an
amorphous component. The n* lavers 404a and 4045 may
include crystal grains (nanocrystals) in an amorphous struc-
ture. These crystal grains (nanocrystals) in the n* layers 4044
and 4045 each have a diameter of 1 nm to 10 nm, typically
about 2 nm to 4 nm.

[0079] Provision of the n* layers 404a and 4045 can make
a good junction between the wiring layers 405¢ and 4055
which are metal layers and the semiconductor layer 403
which is an oxide semiconductor layer, which allows higher
thermal stability than in the case of providing Schottky junc-
tion. In addition, willing provision of the n* layer is effective
in supplying carriers to the channel (on the source side),
stably absorbing carriers from the channel (on the drain side),
or preventing a resistance component from being formed at an
interface between the wiring layer and the semiconductor
layer. Moreover, since resistance is reduced, high mobility
can be ensured even with a high drain voltage.

[0080] A first In—Ga—7n—0-based non-single-crystal
film used as the semiconductor layer 403 is formed under
deposition conditions different from those for formation of a
second In—Ga—7n—O based non-single-crystal film which
is used as the n* layers 404a and 4045. For example, a flow
rate ratio of an oxygen gas to an argon gas in formation
condition of the first In—Ga—7n—0O-based non-single-
crystal film is made higher than a flow rate ratio of an oxygen
gas to an argon gas in formation condition of the second
In—Ga—7n—0-based non-single-crystal film. Specifically,
the second In—Ga—~7n—0-based non-single-crystal film is
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formed in a rare gas (e.g., argon or helium) atmosphere (or an
atmosphere containing an oxygen gas of 10% or lower and an
argon gas containing 90% or higher), and the first In—Ga—
Zn—O0-based non-single-crystal film is formed in an oxygen
atmosphere (or an atmosphere in which a flow rate of oxygen
gas is equal to or higher than a flow rate of argon gas).
[0081] For example, the first In—Ga—Zn—O-based non-
single-crystal film used as the semiconductor layer 403 is
formed under the conditions where the oxide semiconductor
target including In, Ga, and Zn (composition ratio is In,O;:
Ga,0,:Zn0=1:1:1) with a diameter of 8 inches is used, the
distance between the substrate and the target is set at 170 mm,
the pressure is set at 0.4 Pa, and the direct current (DC) power
supply is set at 0.5 kW. Note that a pulse direct current (DC)
power supply is preferable because dust can be reduced and
the film thickness can be uniform. The thickness of the first
In—Ga—7n—0-based non-single-crystal film is set to 5 nm
to 200 nm.

[0082] On the other hand, the second In—Ga—Zn—O-
based non-single-crystal film used as the n* layers 40d4a and
4045 is formed by a sputtering method using the target
(In,04:Ga,04:Zn0=1:1:1), under the conditions where the
pressure is set at 0.4 Pa, the power is 500 W, the deposition
temperature is room temperature, and an argon gas is intro-
duced at a flow rate of 40 sccm. An In—Ga—7n—O based
non-single-crystal film including crystal grains with a size of
1 nm to 10 nm immediately after the film formation is formed
in some cases. Note that it can be said that the presence or
absence of crystal grains or the density of crystal grains can be
adjusted and the diameter size can be adjusted within the
range of 1 nm to 10 nm by appropriate adjustment of the
reactive sputtering deposition conditions such as the compo-
sition ratio in the target, the film deposition pressure (0.1 to
2.0 Pa), the power (250 W to 3000 W: 8 inches ¢), the tem-
perature (room temperature to 100° C.), or the like. The
second In—Ga—7n—0-based non-single-crystal film has a
thickness of 5 nm to 20 nm. Needless to say, when the film
includes crystal grains, the size of the crystal grains does not
exceed the thickness of the film. The thickness of the second
In—Ga—7n—0-based non-single-crystal film is 5 nm.
[0083] Examples of a sputtering method include an RF
sputtering method in which a high-frequency power source is
used as a sputtering power source, a DC sputtering method,
and a pulsed DC sputtering method in which a bias is applied
in a pulsed manner. An RF sputtering method is mainly used
in the case where an insulating film is formed, and a DC
sputtering method is mainly used in the case where a metal
film is formed.

[0084] In addition, there is also a multi-source sputtering
apparatus in which a plurality of targets of different materials
can be set. With the multi-source sputtering apparatus, films
of different materials can be formed to be stacked in the same
chamber, or a film of plural kinds of materials can be formed
by electric discharge at the same time in the same chamber.
[0085] Further, as a sputtering apparatus, there are a sput-
tering apparatus provided with a magnet system inside the
chamber and used for a magnetron sputtering method, and a
sputtering apparatus used for an ECR sputtering method in
which plasma is generated with the use of not glow discharge
but microwaves is used.

[0086] In addition, as a film formation method by sputter-
ing, there are also a reactive sputtering method in which a
target substance and a sputtering gas component are chemi-
cally reacted with each other during film formation to form a
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thin compound film thereof, and a bias sputtering method in
which voltage is also applied to a substrate during film for-
mation.

[0087] In the manufacturing process of the semiconductor
layer, the n* layers, and the wiring layers, an etching step is
used to process thin films into desired shapes. Dry etching or
wet etching can be used for the etching step.

[0088] As an etching gas used for dry etching, a gas con-
taining chlorine (a chlorine-based gas such as chlorine (Cl,),
boron chloride (BCl,), silicon chloride (SiCl,), or carbon
tetrachloride (CCl,)) is preferably used.

[0089] Alternatively, a gas containing fluorine (a fluorine-
based gas such as carbon tetrafluoride (CF,), sulfur fluoride
(SFy), nitrogen fluoride (NF,), or trifluoromethane (CHF,)),
hydrogen bromide (HBr), oxygen (O,), any of these gases to
which a rare gas such as helium (He) or argon (Ar) is added,
or the like can be used.

[0090] As an etching apparatus used for dry etching, an
etching apparatus that uses reactive ion etching (RIE), oradry
etching apparatus that uses a high-density plasma source such
as an electron cyclotron resonance (ECR) source or an induc-
tively coupled plasma (ICP) source can be used. As such adry
etching apparatus with which uniform discharge can be easily
obtained over a large area as compared to an ICP etching
apparatus, there is an enhanced capacitively coupled plasma
(ECCP) mode etching apparatus in which an upper electrode
is grounded, a high-frequency power source of 13.56 MHz is
connected to a lower electrode, and further a low-frequency
power source of 3.2 MHz is connected to the lower electrode.
This ECCP mode etching apparatus can be used even in the
case where a substrate having the size exceeding 3 meters of
the tenth generation is used, for example.

[0091] Inorderto etch the films into desired shapes, etching
conditions (e.g., the amount of electric power applied to a
coiled electrode, the amount of electric power applied to an
electrode on a substrate side, or the electrode temperature on
the substrate side) are controlled as appropriate.

[0092] As an etchant used for wet etching, a mixed solution
of phosphoric acid, acetic acid, and nitric acid, an ammonia
peroxide mixture (hydrogen peroxide:ammonia:water=>5:2:
2), or the like can be used. Alternatively, ITO-07N (produced
by Kanto Chemical Co., Inc.) may be used.

[0093] The etchant after the wet etching is removed by
cleaning, together with the etched material. The waste liquid
ofthe etchant including the etched material may be purified so
that the included material is reused. If a material such as
indium included in the oxide semiconductor layer is collected
from the waste liquid of the etching and reused, resources can
be used effectively and cost can be reduced.

[0094] Inorderto etch the films into desired shapes, etching
conditions (e.g., etchant, etching time, temperature, or the
like) are controlled as appropriate in accordance with the
material.

[0095] As amaterial of the wiring layers 405a and 4055, an
element selected from Al, Cr, Ta, Ti, Mo, and W, an alloy
containing any of the elements as its component, an alloy
containing any of the elements in combination, and the like
canbe given. Further, in the case of performing heat treatment
at 200° C. to 600° C., the conductive film preferably has heat
resistance against such heat treatment. Since Al itself has
disadvantages such as low heat resistance and a tendency to
be corroded, it is used in combination with a conductive
material having heat resistance. As a conductive material
having heat resistance which is combined with Al, an element
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selected from titanium (Ti), tantalum (Ta), tungsten (W),
molybdenum (Mo), chromium (Cr), neodymium (Nd), or
scandium (Sc), or an alloy including any of the elements, an
alloy film including a combination of such elements, or a
nitride film including any of the elements can be used.
[0096] The gate insulating layer 402, the semiconductor
layer 403, the n* layers 404a and 4045, and the wiring layers
4054 and 4055 may be formed in succession without being
exposed to air. By successive formation without exposure to
air, each interface between the stacked layers can be formed
without being contaminated by atmospheric components or
contaminating impurities contained in air; therefore, varia-
tion in characteristics of the thin film transistor can be
reduced.

[0097] Note that the semiconductor layer 403 is partly
etched so as to have a groove (a depressed portion).

[0098] The semiconductor layer 403 and the n* layers 404a
and 4045 are preferably subjected to heat treatment at 200° C.
to 600° C., typically 300° C. to 500° C. For example, heat
treatment is performed for 1 hour at 350° C. in a nitrogen
atmosphere. By this heat treatment, rearrangement at the
atomic level is caused in the In—Ga—Zn—O0 based oxide
semiconductor which forms the semiconductor layer 403 and
the n* layers 404a and 4045. This heat treatment (also includ-
ing photo-annealing or the like) is important in that the dis-
tortion that interrupts carrier transfer in the semiconductor
layer 403 and the n* layers 404a and 4045 can be reduced.
Note that there is no particular limitation on when to perform
the heat treatment, as long as it is performed after the semi-
conductor layer 403 and the n* layers 404a and 4045 are
formed.

[0099] In addition, oxygen radical treatment may be per-
formed on the exposed depression portion of the semiconduc-
tor layer403. The radical treatment is preferably performed in
an atmosphere of O, or N,O, or an atmosphere of N, He, Ar,
or the like which includes oxygen. Alternatively, an atmo-
sphere obtained by adding Cl, or CF,, to the above atmosphere
may be used. Note that the radical treatment is preferably
performed with no bias voltage applied to the first substrate
441 side.

[0100] Note that there is no particular limitation on a struc-
ture of the thin film transistor formed in the liquid crystal
display device. The thin film transistor may have a single-gate
structure in which one channel formation region is formed, a
double-gate structure in which two channel formation regions
are formed, or a triple-gate structure in which three channel
formation regions are formed. In addition, the transistor in the
peripheral driver circuit region may also have a single-gate
structure, a double-gate structure, or a triple-gate structure.
[0101] The thin film transistor may have a top-gate struc-
ture (e.g., a staggered structure or a coplanar structure), a
bottom-gate structure (e.g., an inverted-staggered structure or
an inverted-coplanar structure), a dual-gate structure includ-
ing two gate electrode layers provided above and below a
channel region each with a gate insulating film interposed
therebetween, or other structures.

[0102] An alignment film or an optical film such as a polar-
izing plate, a retardation plate, or an anti-reflection film is
provided as appropriate. For example, circular polarization
by the polarizing plate and the retardation plate may be used.
In addition, a backlight, a side light, or the like may be used as
a light source.

[0103] The insulating film 407 covering the thin film tran-
sistor 420 can be formed using an inorganic insulating film or



US 2016/0259217 Al

organic insulating film formed by a wet method or a dry
method. For example, the insulating film 407 can be formed
by a CVD method, a sputtering method, or the like, using a
silicon nitride film, a silicon oxide film, a silicon oxynitride
film, an aluminum oxide film, a tantalum oxide film, or the
like. Alternatively, an organic material such as acrylic, poly-
imide, benzocyclobutene, polyamide, or an epoxy resin can
be used. Other than such organic materials, it is also possible
to use a low-dielectric constant material (a low-k material), a
siloxane-based resin, PSG (phosphosilicate glass), BPSG
(borophosphosilicate glass), or the like.

[0104] Note that a siloxane-based resin is a resin formed
from a siloxane-based material as a starting material and
having the bond of Si—O—Si. A siloxane-based resin may
include, as a substituent, an organic group (e.g., an alkyl
group, and an aryl group) or a fluoro group. The organic group
may include a fluoro group. A siloxane-based resin is applied
by a coating method and baked; thus, the insulating film 407
can be formed.

[0105] Alternatively, the insulating film 407 may be formed
by stacking plural insulating films formed using any of these
materials. For example, the insulating film 407 may have such
a structure that an organic resin film is stacked over an inor-
ganic insulating film.

[0106] As aliquid crystal material of the liquid crystal layer
444, various kinds of liquid crystal can be used, and lyotropic
liquid crystal, thermotropic liquid crystal, low molecular lig-
uid crystal, high molecular liquid crystal, discotic liquid crys-
tal, ferroelectric liquid crystal, anti-ferroelectric liquid crys-
tal, or the like may be selected as appropriate to be used.
[0107] Inthis specification, in the case where a liquid crys-
tal display device is a light-transmitting liquid crystal display
device (or a semi-transmissive liquid crystal display device)
which performs display by transmitting light from a light
source, light is needed to be transmitted at least in the pixel
region. Thus, all components provided in the pixel region
through which light is transmitted: the first substrate; the
second substrate; and thin films included in an element layer,
such as the pixel electrode layer, the common electrode layer,
the insulating film, and the conductive film have a property of
transmitting light in a visible wavelength range.

[0108] As for the first substrate 441 and the second sub-
strate 442, a glass substrate of barium borosilicate glass,
aluminoborosilicate glass, or the like; a quartz substrate; a
plastic substrate; or the like can be used.

[0109] Further, by use of a resist mask having regions with
plural thicknesses (typically, two different thicknesses)
which is formed using a multi-tone mask, the number of resist
masks can be reduced, resulting in simplified process and
lower costs.

[0110] Improvement in contrast and viewing angle charac-
teristics enables a liquid crystal display device with higher
image quality to be supplied. Further, such a liquid crystal
display device can be manufactured at low cost with high
productivity.

[0111] Further, characteristics of the thin film transistor can
be stabilized; thus, reliability of the liquid crystal display
device can be improved.

Embodiment 2

[0112] Another mode of a liquid crystal display device is
illustrated in FIGS. 3A and 3B. Specifically, an example of a
liquid crystal display device is described, in which a first
electrode layer in a flat-plate shape formed in a lower layer is
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used as a pixel electrode layer, and a second electrode layer
having an opening pattern formed in an upper layer is used as
a common electrode layer. Note that components in common
with those in Embodiment 1 can be formed using the similar
material and the similar manufacturing method, and detailed
description of the same portions and portions which have
similar functions is omitted.

[0113] FIG. 3A is a plan view of a liquid crystal display
device and illustrates one pixel thereof. FIG. 3B is a cross-
sectional view along line X1 to X2 in FIG. 3A.

[0114] In FIG. 3A, aplurality of source wiring layers (in-
cluding the wiring layer 4054) are provided in parallel to each
other (extended in a vertical direction in the drawing) and
apart from each other. A plurality of gate wiring layers (in-
cluding the gate electrode layer 401) are provided apart from
each other and extended in a direction generally perpendicu-
lar to the source wiring layers (a horizontal direction in the
drawing). Common wiring layers 408 are provided adjacent
to the respective plurality of gate wiring layers and extended
in a direction generally parallel to the gate wiring layers, that
is, in a direction generally perpendicular to the source wiring
layers (a horizontal direction in the drawing). A roughly rect-
angular space is surrounded by the source wiring layers, the
common wiring layers 408, and the gate wiring layers. In this
space, a pixel electrode layer and a common electrode layer of
the liquid crystal display device are provided. The thin film
transistor 420 for driving the pixel electrode layer is provided
at the upper left corner in the drawing. A plurality of pixel
electrode layers and thin film transistors are provided in
matrix.

[0115] In FIGS. 3A and 3B, the first electrode layer 447
electrically connected to the thin film transistor 420 functions
as a pixel electrode layer, and the second electrode layer 446
electrically connected to the common wiring layer functions
as a common electrode layer. The first electrode layer 447 is
electrically connected to the thin film transistor 420 through a
contact hole formed in the gate insulating layer 402. The
second electrode layer 446 is electrically connected to the
common wiring layer 408 through a contact hole formed in
the gate insulating layer 402, the insulating film 407, and the
interlayer film 413.

[0116] When a coloring layer which is the light-transmit-
ting chromatic-color resin layer 417 is used as the interlayer
film 413 provided over the thin film transistor 420, the inten-
sity of incident light on the semiconductor layer 403 of the
thin film transistor 420 can be attenuated without reduction in
an aperture ratio of a pixel. Accordingly, electric characteris-
tics of the thin film transistor 420 can be prevented from being
varied due to photosensitivity of the oxide semiconductor and
can be stabilized. Further, the light-transmitting chromatic-
color resin layer 417 can function as a color filter layer. In the
case of providing the color filter layer on the counter substrate
side, precise positional alignment of a pixel region with an
element substrate over which the thin film transistor is formed
is difficult, and accordingly there is a possibility that image
quality is degraded. Here, since the interlayer film is formed
as the color filter layer directly on the element substrate side,
the formation region can be controlled more precisely and this
structure is adjustable to a pixel with a fine pattern. In addi-
tion, one insulating layer serves as both the interlayer film and
the color filter layer, whereby the process can be simplified
and a liquid crystal display device can be manufactured at low
cost.
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[0117] Improvement in contrast and viewing angle charac-
teristics enables a liquid crystal display device with higher
image quality to be supplied. Further, such a liquid crystal
display device can be manufactured at low cost with high
productivity.

[0118] Further, characteristics of the thin film transistor can
be stabilized; thus, reliability of the liquid crystal display
device can be improved.

Embodiment 3

[0119] Other modes of liquid crystal display devices are
illustrated in FIGS. 4A and 4B and FIGS. 7A and 7B. Spe-
cifically, structural examples are described, in each of which
a first electrode layer is provided above a thin film transistor.
Note that components in common with those in Embodiments
1 and 2 can be formed using the similar material and the
similar manufacturing method, and detailed description of
the same portions and portions which have similar functions
is omitted.

[0120] FIG.4A and FIG. 7A are each a plan view of aliquid
crystal display device and each illustrate one pixel. FIG. 4B
and FIG. 7B are cross-sectional views of FIG. 4A and FIG.
7A along line X1 to X2, respectively.

[0121] In each plan view of FIG. 4A and FIG. 7A, in a
manner similar to Embodiment 2, a plurality of source wiring
layers (including the wiring layer 4054) are provided in par-
allel to each other (extended in a vertical direction in the
drawing) and apart from each other. A plurality of gate wiring
layers (including the gate electrode layer 401) are provided
apart from each other and extended in a direction generally
perpendicular to the source wiring layers (a horizontal direc-
tion in the drawing). The common wiring layers 408 are
provided adjacent to the respective plurality of gate wiring
layers and extended in a direction generally parallel to the
gate wiring layers, that is, ina direction generally perpendicu-
lar to the source wiring layers (a horizontal direction in the
drawing). A roughly rectangular space is surrounded by the
source wiring layers, the common wiring layers 408, and the
gate wiring layers. In this space, a pixel electrode layer and a
common electrode layer of the liquid crystal display device
are provided. The thin film transistor 420 for driving the pixel
electrode layer is provided at the upper left corner in the
drawing. A plurality of pixel electrode layers and thin film
transistors are provided in matrix.

[0122] TIneach liquid crystal display device of FIG. 4B and
FIG. 7B, the first electrode layer 447 in a flat-plate shape
which is electrically connected to the thin film transistor 420
functions as a pixel electrode layer. The second electrode
layer 446 having an opening pattern which is electrically
connected to the common wiring layer 408 functions as a
common electrode layer.

[0123] InFIGS. 4A and 4B, the first electrode layer 447 is
formed over the insulating film 407, the interlayer film 413 is
stacked over the first electrode layer 447, and the second
electrode layer 446 is formed over the interlayer film 413.
Note that in FIGS. 4A and 4B, a capacitor is formed with the
first electrode layer and the common electrode layer.

[0124] InFIGS. 7A and 7B, the first electrode layer 447 is
formed over the interlayer film 413, an insulating film 416 is
stacked over the first electrode layer 447, and the second
electrode layer 446 is formed over the insulating film 416.
Note that in FIGS. 7A and 7B, a capacitor is formed with the
first electrode layer and the common electrode layer.
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[0125] When a coloring layer which is the light-transmit-
ting chromatic-color resin layer 417 is used as the interlayer
film 413 provided over the thin film transistor 420, the inten-
sity of incident light on the semiconductor layer 403 of the
thin film transistor 420 can be attenuated without reduction in
an aperture ratio of a pixel. Accordingly. electric characteris-
tics of the thin film transistor 420 can be prevented from being
varied due to photosensitivity ofthe oxide semiconductor and
can be stabilized. Further, the light-transmitting chromatic-
color resin layer 417 can function as a color filter layer. In the
case of providing the color filter layer on the counter substrate
side, precise positional alignment of a pixel region with an
element substrate over which the thin film transistor is formed
is difficult, and accordingly there is a possibility that image
quality is degraded. Here, since the interlayer film is formed
as the color filter layer directly on the element substrate side,
the formation region can be controlled more precisely and this
structure is adjustable to a pixel with a fine pattern. In addi-
tion, one insulating layer can serve as both the interlayer film
and the color filter layer, whereby the process can be simpli-
fied and a liquid crystal display device can be manufactured at
low cost.

[0126] Improvement in contrast and viewing angle charac-
teristics enables a liquid crystal display device with higher
image quality to be supplied. Further, such a liquid crystal
display device can be manufactured at low cost with high
productivity.

[0127] Further, characteristics of the thin film transistor can
be stabilized; thus, reliability of the liquid crystal display
device can be improved.

Embodiment 4

[0128] A liquid crystal display device including a light-
blocking layer (black matrix) is described with reference to
FIGS. 5A and 5B.

[0129] Theliquid crystal display device illustrated in FIGS.
5A and 5B shows an example in which a light-blocking layer
414 is further added on the second substrate (counter sub-
strate) 442 side to the liquid crystal display device illustrated
in FIGS. 1A and 1B of Embodiment 1. Therefore, compo-
nents in common with those in Embodiment 1 can be formed
using a similar material and a similar manufacturing method,
and detailed description of the same portions and portions
having similar functions is omitted.

[0130] FIG. 5A is a plan view of a liquid crystal display
device, and FIG. 5B is a cross-sectional view along line X1 to
X2in FIG. 5A. Note that the plan view of FIG. 5A illustrates
only the element substrate side and the counter substrate side
is not illustrated.

[0131] Thelight-blocking layer 414 is formed on the liquid
crystal layer 444 side of the second substrate 442 and an
insulating layer 415 is formed as a planarization film. The
light-blocking layer 414 is preferably formed in a region
corresponding to the thin film transistor 420 (a region which
overlaps with the semiconductor layer of the thin film tran-
sistor) with the liquid crystal layer 444 interposed therebe-
tween. The first substrate 441 and the second substrate 442 are
firmly attached to each other with the liquid crystal layer 444
interposed therebetween so that the light-blocking layer 414
is positioned to cover at least an upper portion of the semi-
conductor layer 403 of the thin film transistor 420.

[0132] The light-blocking layer 414 has transmittance of
visible light lower than the semiconductor layer 403 which is
an oxide semiconductor layer.
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[0133] Thelight-blocking layer 414 is formed using a light-
blocking material that reflects or absorbs light. For example,
a black organic resin can be used, which can be formed by
mixing a black resin of a pigment material, carbon black,
titanium black, or the like into a resin material such as pho-
tosensitive or non-photosensitive polyimide. Alternatively, a
light-blocking metal film can be used, which may be formed
using chromium, molybdenum, nickel, titanium, cobalt, cop-
per, tungsten, aluminum, or the like, for example.

[0134] There is no particular limitation on the formation
method of the light-blocking layer 414, and a dry method
such as vapor deposition, sputtering, CVD, or the like or awet
method such as spin coating, dip coating, spray coating, drop-
let discharging (e.g., ink jetting, screen printing, or offset
printing), or the like may be used depending on the material.
If needed, an etching method (dry etching or wet etching)
may be employed to form a desired pattern.

[0135] The insulating layer 415 may be formed using an
organic resin such as acrylic or polyimide by a coating
method such as spin coating or various printing methods.

[0136] By formation of the light-blocking layer 414 on the
counter substrate side in this manner, improvement in con-
trast and stabilization of the thin film transistor can be
achieved. The light-blocking layer 414 can block incident
light on the semiconductor layer 403 of the thin film transistor
420; accordingly, electric characteristics of the thin film tran-
sistor 420 can be prevented from being varied due to photo-
sensitivity of the oxide semiconductor and can be stabilized.
Further, the light-blocking layer 414 can prevent light leakage
to an adjacent pixel, which allows higher contrast and higher
definition display. Therefore, high definition and high reli-
ability of the liquid crystal display device can be achieved.

[0137] Improvement in contrast and viewing angle charac-
teristics enables a liquid crystal display device with higher
image quality to be supplied. Further, such a liquid crystal
display device can be manufactured at low cost with high
productivity.

[0138] Further, characteristics of the thin film transistor can
be stabilized,; thus, reliability of the liquid crystal display
device can be improved.

[0139] This embodiment can be implemented in combina-
tion with any ofthe structures disclosed in other embodiments
as appropriate.

Embodiment 5

[0140] A liquid crystal display device including a light-
blocking layer (black matrix) is described with reference to
FIGS. 6A and 6B.

[0141] As the film having a function of attenuating the
intensity of transmitting visible light, a coloring layer serving
as a light-blocking layer can be used. The liquid crystal dis-
play device illustrated in FIGS. 6A and 6B shows an example
in which the light-blocking layer 414 is formed in part of the
interlayer film 413 on the first substrate 441 (element sub-
strate) side in the liquid crystal display device illustrated in
FIGS. 1A and 1B of Embodiment 1. Therefore, components
in common with those in Embodiment 1 can be formed using
a similar material and a similar manufacturing method, and
detailed description of the same portions and portions having
similar functions is omitted.

[0142] FIG. 6A is a plan view of a liquid crystal display
device, and FIG. 6B is a cross-sectional view along line X1 to
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X2inFIG. 6A. Note that the plan view of FIG. 6A illustrates
only the element substrate side and the counter substrate side
is not illustrated.

[0143] The interlayer film 413 includes the light-blocking
layer 414 and the light-transmitting chromatic-color resin
layer 417. The light-blocking layer 414 is provided on the first
substrate 441 (element substrate) side and formed over the
thin film transistor 420 (at least in a region which covers the
semiconductor layer of the thin film transistor) with the insu-
lating film 407 interposed therebetween, so that the light-
blocking layer 414 functions as a light-blocking layer which
shields the semiconductor layer 403 from light. On the other
hand, the light-transmitting chromatic-color resin layer 417 is
formed in a region which overlaps with the first electrode
layer 447 and in a region which overlaps with the second
electrode layer 446 and functions as a color filter layer. In the
liquid crystal display device of FIG. 6B, part of the second
electrode layer 446 is formed over the light-blocking layer
414 and the liquid crystal layer 444 is provided thereover.
[0144] The light-blocking layer 414 has transmittance of
visible light lower than the semiconductor layer 403 which is
an oxide semiconductor layer.

[0145] Since the light-blocking layer 414 is used in the
interlayer film, it is preferable that black organic resin be used
for the light-blocking layer 414. For example, a black resin of
a pigment material, carbon black, titanium black, or the like
may be mixed into a resin material such as photosensitive or
non-photosensitive polyimide. As the formation method of
the light-blocking layer 414, a wet method such as spin coat-
ing, dip coating, spray coating, droplet discharging (e.g., ink
jetting, screen printing, or offset printing), or the like or a dry
method such as vapor deposition, sputtering, CVD, or the like
may be used depending on the material. [f needed, an etching
method (dry etching or wet etching) may be employed to form
a desired pattern.

[0146] The light-blocking layer may be further formed on
the counter substrate side of the liquid crystal display device
because further improvement in contrast and stabilization of
the thin film transistor can be achieved. When the light-block-
ing layer is formed on the counter substrate side, the light-
blocking layer is formed in a region corresponding to the thin
film transistor (at least in a region overlapping with the semi-
conductor layer of the thin film transistor) with the liquid
crystal layer interposed therebetween, so that electric charac-
teristics of the thin film transistor can be prevented from being
varied due to light incident from the counter substrate.
[0147] 1Inthe case of providing the light-blocking layer on
the counter substrate side, there is a case where light from the
element substrate and light from the counter substrate toward
the semiconductor layer of the thin film transistor can be
blocked by a light-blocking wiring layer, electrode layer, or
the like. Thus, the light-blocking layer need not always be
formed to cover the thin film transistor.

[0148] Alternatively, the light-blocking layer may be pro-
vided so as to be stacked over or below the light-transmitting
chromatic-color resin layer. Examples of the stacked struc-
ture of the light-blocking layer and the light-transmitting
chromatic-color resin layer are illustrated in FIGS. 17A and
17B. In FIGS. 17A and 17B, an element layer 203 is formed
over a first substrate 200 which is an element substrate and an
interlayer film 209 is formed over the element layer 203. The
interlayer film 209 includes light-transmitting chromatic-
color resin layers 204a, 2045, and 204¢ and light-blocking
layers 205a, 2055, 205¢, and 205d. The light-blocking layers
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205a, 2055, 205¢, and 2054 are formed at boundaries of the
light-transmitting chromatic-color resin layers 204a, 2045,
and 204c¢. Note that the pixel electrode layer and the common
electrode layer are omitted in FIGS. 17A and 17B.

[0149] A plurality of chromatic colors can be used. For
example, the liquid crystal display device in FIGS. 17A and
17B may use a coloring layer of red, a coloring layer of green,
and a coloring layer of blue as the light-transmitting chro-
matic-color resin layer 204a, the light-transmitting chro-
matic-color resin layer 2045, and the light-transmitting chro-
matic-color resin layer 204¢, respectively; thus, light-
transmitting chromatic-color resin layers of plural colors are
used.

[0150] FIGS. 17A and 17B illustrate examples in which
thin films that are thinner than the light-transmitting chro-
matic-color resin layers are used as the light-blocking layers
and the light-blocking layers are stacked below or over the
light-transmitting chromatic-color resin layers. As such light-
blocking layers, thin films of light-blocking inorganic films
(e.g., metal films) are preferable.

[0151] In FIG. 17A, thin films of the light-blocking layers
205a,205b, 205¢, and 2054 are formed over the element layer
203, and the light-transmitting chromatic-color resin layers
204a, 2045, and 204c are stacked over the light-blocking
layers 205a, 2055, 205¢, and 205d. In FI1G. 17B, the light-
transmitting chromatic-color resin layers 204a, 2045, and
204c are formed over the element layer 203; thin films of the
light-blocking layers 2054, 2055, 205¢, and 2054 are stacked
over the light-transmitting chromatic-color resin layers 204q,
204b, and 204¢; and an insulating film 211 is formed as an
overcoat film over the light-blocking layers 2054a, 2055, 205¢,
and 2054. The element layer, the light-blocking layers, and
the light-transmitting chromatic-color resin layers may be
stacked directly as illustrated in FIG. 17B, or they may have
an insulating film over, below, or between the layers.

[0152] As sealants 202a and 2025, it is typically preferable
to usea visible light curable resin, an ultraviolet curableresin,
or a thermosetting resin. Typically, an acrylic resin, an epoxy
resin, an amine resin, or the like can be used. Further, a
photopolymerization initiator (typically, an ultraviolet light
polymerization imtiator), a thermosetting agent, a filler, or a
coupling agent may be included in the sealants 202a and
2025.

[0153] When the light-blocking layer is provided in this
manner, the light-blocking layer can block incident light on
the semiconductor layer 403 ofthe thin film transistor without
reduction in an aperture ratio of a pixel; accordingly, electric
characteristics of the thin film transistor can be prevented
from being varied due to photosensitivity of the oxide semi-
conductor and can be stabilized. Further, the light-blocking
layer can prevent light leakage to an adjacent pixel, which
enables higher contrast and higher definition display. There-
fore, high definition and high reliability of the liquid crystal
display device can be achieved.

[0154] Further, the light-transmitting chromatic-color resin
layer 417 can function as a color filter layer. In the case of
providing the color filter layer on the counter substrate side,
precise positional alignment of a pixel region with an element
substrate over which the thin film transistor is formed is
difficult, and accordingly there is a possibility that image
quality is degraded. Here, since the light-transmitting chro-
matic-color resin layer 417 is formed directly on the element
substrate side, the formation region can be controlled more
precisely and this structure is adjustable to a pixel with a fine
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pattern. In addition, one insulating layer can serve as both the
interlayer film and the color filter layer, whereby the process
can be simplified and a liquid crystal display device can be
manufactured at low cost.

[0155] Improvement in contrast and viewing angle charac-
teristics enables a liquid crystal display device with higher
image quality to be supplied. Further, such a liquid crystal
display device can be manufactured at low cost with high
productivity.

[0156] Further, characteristics of the thin film transistor can
be stabilized; thus, reliability of the liquid crystal display
device can be improved.

[0157] This embodiment can be implemented in combina-
tion with any ofthe structures disclosed in other embodiments
as appropriate.

Embodiment 6

[0158] Another example of a thin film transistor which can
be applied to the liquid crystal display devices in Embodi-
ments 1 to 5 is described. Note that components in common
with those in Embodiments 1 to 5 can be formed using a
similar material and a similar manufacturing method, and
detailed description of the same portions and portions having
similar functions is omitted.

[0159] An example of a liquid crystal display device
including a thin film transistor which has a structure in which
source and drain electrode layers are in contact with a semi-
conductor layer without an n™ layer interposed therebetween
is illustrated in FIGS. 10A and 10B.

[0160] FIG. 10A is a plan view of a liquid crystal display
device and illustrates one pixel. FIG. 10B is a cross-sectional
view along line V1 to V2 in FIG. 10A.

[0161] Inthe plane view of FIG. 104, in a manner similar to
Embodiment 1, a plurality of source wiring layers (including
the wiring layer 405a) are provided in parallel to each other
(extended in a vertical direction in the drawing) and apart
from each other. A plurality of gate wiring layers (including
the gate electrode layer 401) are provided apart from each
other and extended in a direction generally perpendicular to
the source wiring layers (a horizontal direction in the draw-
ing). Common wiring layers (common electrode layers) are
provided adjacent to the respective plurality of gate wiring
layers and extended in a direction generally parallel to the
gate wiring layers, that is, ina direction generally perpendicu-
lar to the source wiring layers (a horizontal direction in the
drawing). A roughly rectangular space is surrounded by the
source wiring layers, the common wiring layers (common
electrode layers), and the gate wiring layers. In this space, a
pixel electrode layer and a common electrode layer of the
liquid crystal display device are provided. A thin film transis-
tor 422 for driving the pixel electrode layer is provided at the
upper left corner in the drawing. A plurality of pixel electrode
layers and thin film transistors are provided in matrix.
[0162] Inthe liquid crystal display device of FIGS.10A and
10B, the second electrode layer 446 electrically connected to
the thin film transistor 422 functions as a pixel electrode layer,
and the first electrode layer 447 electrically connected to the
common wiring layer functions as a common electrode layer.
Note that as shown in FIGS. 10A and 10B, the first electrode
layer 447 also serves as the common wiring layer in the pixel;
thus, adjacent pixels are electrically connected to each other
with the common electrode layer 409. Note than a capacitor is
formed with the pixel electrode layer and the common elec-
trode layer.
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[0163] The first substrate 441 provided with the thin film
transistor 422, the interlayer film 413 which is a light-trans-
mitting chromatic-color resin layer, the first electrode layer
447, and the second electrode layer 446 and the second sub-
strate 442 are firmly attached to each other with the liquid
crystal layer 444 interposed therebetween.

[0164] The thin film transistor 422 has a structure in which
the semiconductor layer 403 is in contact with the wiring
layers 405a and 4055 serving as source and drain electrode
layers without an n* layer interposed therebetween.

[0165] When a coloring layer which is the light-transmit-
ting chromatic-color resin layer 417 is used as the interlayer
film 413 provided over the thin film transistor 422, the inten-
sity of incident light on the semiconductor layer 403 of the
thin film transistor 422 can be attenuated without reduction in
an aperture ratio of a pixel. Accordingly, electric characteris-
tics of the thin film transistor 422 can be prevented from being
varied due to photosensitivity of the oxide semiconductor and
can be stabilized. Further, the light-transmitting chromatic-
color resin layer 417 can function as a color filter layer. In the
case of providing the color filter layer on the counter substrate
side, precise positional alignment of a pixel region with an
element substrate over which the thin film transistor is formed
is difficult, and accordingly there is a possibility that image
quality is degraded. Here, since the interlayer film is formed
as the color filter layer directly on the element substrate side,
the formation region can be controlled more precisely and this
structure is adjustable to a pixel with a fine pattern. In addi-
tion, one insulating layer can serve as both the interlayer film
and the color filter layer, whereby the process can be simpli-
fiedand a liquid crystal display device can be manufactured at
low cost.

[0166] Improvement in contrast and viewing angle charac-
teristics and higher response speed enable a liquid crystal
display device with higher image quality and higher perfor-
mance to be supplied. Further, such a liquid crystal display
device can be manufactured at low cost with high productiv-
ity.

[0167] Further, characteristics of the thin film transistor can
be stabilized,; thus, reliability of the liquid crystal display
device can be improved.

[0168] This embodiment can be implemented in combina-
tion with any ofthe structures disclosed in other embodiments
as appropriate.

Embodiment 7

[0169] Another example of a thin film transistor which can
be applied to the liquid crystal display devices in Embodi-
ments 1 to 5 are described with reference to FIGS. 9A and 9B.
[0170] FIG. 9A is a plan view of a liquid crystal display
device and illustrates one pixel. FIG. 9B is a cross-sectional
view along line Z1 to 72 in FIG. 9A.

[0171] Inthe plane view of FIG. 94, in a manner similar to
Embodiment 1, a plurality of source wiring layers (including
the wiring layer 405q) are provided in parallel to each other
(extended in a vertical direction in the drawing) and apart
from each other. A plurality of gate wiring layers (including
the gate electrode layer 401) are provided apart from each
other and extended in a direction generally perpendicular to
the source wiring layers (a horizontal direction in the draw-
ing). Common wiring layers (common electrode layers) are
provided adjacent to the respective plurality of gate wiring
layers and extended in a direction generally parallel to the
gate wiring layers, that is, ina direction generally perpendicu-
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lar to the source wiring layers (a horizontal direction in the
drawing). A roughly rectangular space is surrounded by the
source wiring layers, the common wiring layers (common
electrode layers), and the gate wiring layers. In this space, a
pixel electrode layer and a common electrode layer of the
liquid crystal display device are provided. A thin film transis-
tor 421 for driving the pixel electrode layer is provided at the
upper left corner in the drawing. A plurality of pixel electrode
layers and thin film transistors are provided in matrix.
[0172] Inthe liquid crystal display device of FIGS. 9A and
9B, the second electrode layer 446 electrically connected to
the thin film transistor 421 functions as a pixel electrode layer,
and the first electrode layer 447 electrically connected to the
common wiring layer functions as a common electrode layer.
Note that, as shown in FIGS. 9A and 9B, the first electrode
layer 447 also serves as the common wiring layer in the pixel;
thus, adjacent pixels are electrically connected to each other
with the common electrode layer 409. Note that a capacitor is
formed with the pixel electrode layer and the common elec-
trode layer.

[0173] The first substrate 441 provided with the thin film
transistor 421, the interlayer film 413 which is a light-trans-
mitting chromatic-color resin layer, the first electrode layer
447, and a second electrode layer 446 and the second sub-
strate 442 are firmly attached to each other with the liquid
crystal layer 444 interposed therebetween.

[0174] The thin film transistor 421 is a bottom-gate thin
film transistor and includes, over the first substrate 441 having
an insulating surface, the gate electrode layer 401, the gate
insulating layer 402, the wiring layers 405a and 4055 serving
as source and drain electrode layers, the n* layers 404a and
4045 serving as source and drain regions, and the semicon-
ductor layer 403. In addition, the insulating film 407 which
covers the thin film transistor 421 and is in contact with the
semiconductor layer 403 is provided. An In—Ga—Zn—O-
based non-single-crystal film is used for the semiconductor
layer 403 and the n* layers 404a and 4045. The thin film
transistor 421 having such a structure shows characteristics of
amobility of 20 cm*/V's or more and a subthreshold swing (S
value) of 0.4 V/dec or less. Thus, the thin film transistor can
operate at high speed, and a driver circuit (a source driver or
a gate driver) such as a shift register can be formed over the
same substrate as the pixel portion is.

[0175] Tt is preferable that reverse sputtering in which an
argon gas is introduced to generate plasma be performed on
the gate insulating layer 402 and the wiring layers 4054 and
4055 before formation of the semiconductor layer 403 by
sputtering, in order to remove dust attached to surfaces.
[0176] The semiconductor layer 403 and the n* layers 404a
and 4045 are preferably subjected to heat treatment at 200° C.
to 600° C., typically 300° C. to 500° C. For example, heat
treatment is performed for 1 hour at 350° C. in a nitrogen
atmosphere. There is no particular limitation on when to
perform this heat treatment, as long as it is performed after
oxide semiconductor films used for the semiconductor layer
403 and the n™ layers 404a and 404b are formed.

[0177] 1In addition, oxygen radical treatment may be per-
formed on the semiconductor layer 403.

[0178] The gate insulating layer 402 exists in the entire
region including the thin film transistor 421, and the thin film
transistor 421 is provided with the gate electrode layer 401
between the gate insulating layer 402 and the first substrate
441 which is a substrate having an insulating surface. The
wiring layers 405a and 4055 and the n* layers 404a and 4045
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are provided over the gate insulating layer 402. In addition,
the semiconductor layer 403 is provided over the gate insu-
lating layer 402, the wiring layers 405a and 4055, and the n*
layers 4040 and 4045. Although not illustrated, a wiring layer
is provided over the gate insulating layer 402 in addition to the
wiring layers 405¢ and 4056 and the wiring layer extends
beyond the perimeter of the semiconductor layer 403 to the
outside.

[0179] When a coloring layer which is the light-transmit-
ting chromatic-color resin layer 417 is used as the interlayer
film 413 provided over the thin film transistor 421, the inten-
sity of incident light on the semiconductor layer 403 of the
thin film transistor 421 can be attenuated without reduction in
an aperture ratio of a pixel. Accordingly, electric characteris-
tics of the thin film transistor 421 can be prevented from being
varied due to photosensitivity of the oxide semiconductor and
can be stabilized. Further, the light-transmitting chromatic-
color resin layer 417 can function as a color filter layer. In the
case of providing the color filter layer on the counter substrate
side, precise positional alignment of a pixel region with an
element substrate over which the thin film transistor is formed
is difficult, and accordingly there is a possibility that image
quality is degraded. Here, since the interlayer film is formed
as the color filter layer directly on the element substrate side,
the formation region can be controlled more precisely and this
structure is adjustable to a pixel with a fine pattern. In addi-
tion, one insulating layer can serve as both the interlayer film
and the color filter layer, whereby the process can be simpli-
fiedand a liquid crystal display device can be manufactured at
low cost.

[0180] Improvement in contrast and viewing angle charac-
teristics enables a liquid crystal display device with higher
image quality to be supplied. Further, such a liquid crystal
display device can be manufactured at low cost with high
productivity.

[0181] Further, characteristics of the thin film transistor can
be stabilized; thus, reliability of the liquid crystal display
device can be improved.

[0182] This embodiment can be implemented in combina-
tion with any ofthe structures disclosed in other embodiments
as appropriate.

Embodiment 8

[0183] Another example of a thin film transistor which can
be applied to the liquid crystal display devices in Embodi-
ments 1 to 5 is described. Note that components in common
with those in Embodiments 1 to 5 can be formed using a
similar material and a similar manufacturing method, and
detailed description of the same portions and portions having
similar functions is omitted.

[0184] An example of a liquid crystal display device
including a thin film transistor which has a structure in which
source and drain electrode layers are in contact with a semi-
conductor layer without an n™ layer interposed therebetween
is illustrated in FIGS. 11A and 11B.

[0185] FIG. 11A is a plan view of a liquid crystal display
device and illustrates one pixel. FIG. 11B is a cross-sectional
view along line Y1 to Y2 in FIG. 11A.

[0186] Inthe plan view of FIG. 114, in a manner similar to
Embodiment 1, a plurality of source wiring layers (including
the wiring layer 405q) are provided in parallel to each other
(extended in a vertical direction in the drawing) and apart
from each other. A plurality of gate wiring layers (including
the gate electrode layer 401) are provided apart from each
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other and extended in a direction generally perpendicular to
the source wiring layers (a horizontal direction in the draw-
ing). Common wiring layers (common electrode layers) are
provided adjacent to the respective plurality of gate wiring
layers and extended in a direction generally parallel to the
gate wiring layers, that is, ina direction generally perpendicu-
lar to the source wiring layers (a horizontal direction in the
drawing). A roughly rectangular space is surrounded by the
source wiring layers, the common electrode layers (common
electrode layers), and the gate wiring layers. In this space, a
pixel electrode layer and a common electrode layer of the
liquid crystal display device are provided. A thin film transis-
tor 423 for driving the pixel electrode layer is provided at the
upper left corner in the drawing. A plurality of pixel electrode
layers and thin film transistors are provided in matrix.
[0187] Inthe liquid crystal display device of FIGS.11A and
11B, the second electrode layer 446 electrically connected to
the thin film transistor 432 functions as a pixel electrode layer,
and the first electrode layer 447 electrically connected to the
common wiring layer functions as a common electrode layer.
Note that as shown in FIGS. 11A and 11B, the first electrode
layer 447 also serves as the common wiring layer in the pixel;
thus adjacent pixels are electrically connected to each other
with the common electrode layer 409. Note that a capacitor is
formed with the pixel electrode layer and the common elec-
trode layer.

[0188] The first substrate 441 provided with the thin film
transistor 423, the interlayer film 413 which is a light-trans-
mitting chromatic-color resin layer, the first electrode layer
447, and the second electrode layer 446 and the second sub-
strate 442 are firmly attached to each other with the liquid
crystal layer 444 interposed therebetween.

[0189] The gate insulating layer 402 exists in the entire
region including the thin film transistor 423, and the thin film
transistor 423 is provided with the gate electrode layer 401
between the gate insulating layer 402 and the first substrate
441 which is a substrate having an insulating surface. The
wiring layers 405¢ and 4055 are provided over the gate insu-
lating layer 402. In addition, the semiconductor layer 403 is
provided over the gate insulating layer 402 and the wiring
layers 405a and 4055. Although not illustrated, a wiring layer
is provided over the gate insulating layer 402 in addition to the
wiring layers 405a and 4055, and the wiring layer extends
beyond the perimeter of the semiconductor layer 403 to the
outside.

[0190] When a coloring layer which is the light-transmit-
ting chromatic-color resin layer 417 is used as the interlayer
film 413 provided over the thin film transistor 423, the inten-
sity of incident light on the semiconductor layer 403 of the
thin film transistor 423 can be attenuated without reduction in
an aperture ratio of a pixel. Accordingly, electric characteris-
tics of the thin film transistor 423 can be prevented from being
varied due to photosensitivity of the oxide semiconductor and
can be stabilized. Further, the light-transmitting chromatic-
color resin layer 417 can function as a color filter layer. In the
case of providing the color filter layer on the counter substrate
side, precise positional alignment of a pixel region with an
element substrate over which the thin film transistor is formed
is difficult, and accordingly there is a possibility that image
quality is degraded. Here, since the interlayer film is formed
as the color filter layer directly on the element substrate side,
the formation region can be controlled more precisely and this
structure is adjustable to a pixel with a fine pattern. In addi-
tion, one insulating layer can serve as both the interlayer film
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and the color filter layer, whereby the process can be simpli-
fiedand a liquid crystal display device can be manufactured at
low cost.

[0191] Improvement in contrast and viewing angle charac-
teristics enables a liquid crystal display device with higher
image quality to be supplied. Further, such a liquid crystal
display device can be manufactured at low cost with high
productivity.

[0192] Further, characteristics of the thin film transistor can
be stabilized,; thus, reliability of the liquid crystal display
device can be improved.

[0193] This embodiment can be implemented in combina-
tion with any ofthe structures disclosed in other embodiments
as appropriate.

Embodiment 9

[0194] Aliquid crystal material which exhibits a blue phase
can be used for the liquid crystal layer in the above-described
Embodiments. A liquid crystal display device which uses a
liquid crystal layer exhibiting a blue phase is described with
reference to FIGS. 2A to 2D.

[0195] FIGS. 2A to 2D are cross-sectional views of a liquid
crystal display device and its manufacturing process.

[0196] InFIG.2A, the element layer 203 is formed over the
first substrate 200 which is an element substrate, and the
interlayer film 209 is formed over the element layer 203.
[0197] The interlayer film 209 includes the light-transmit-
ting chromatic-color resin layers 204a, 2045, and 204¢ and
the light-blocking layers 205a, 2055, 205¢, and 205d which
are alternately arranged such that the light-blocking layers
sandwich the light-transmitting chromatic-color resin layers.
Note that the pixel electrode layer and the common electrode
layer are omitted in FIGS. 2A to 2D. For example, the pixel
electrode layer and the common electrode layer can have any
of the structures described in Embodiments 1 to 8, and a
lateral electric field mode can be employed.

[0198] As illustrated in FIG. 2B, the first substrate 200 and
the second substrate 201 which is a counter substrate are
firmly fixed with the sealants 2024 and 2025 with a liquid
crystal layer 206 interposed therebetween. As a method for
forming the liquid crystal layer 206, a dispenser method
(dripping method) or an injection method in which after
attachment of the first substrate 200 and the second substrate
201, liquid crystal is injected with the use of capillary phe-
nomenon can be used.

[0199] Aliquid crystal material exhibiting a blue phase can
be used for the liquid crystal layer 206. The liquid crystal
material exhibiting a blue phase has a short response time of
1 msec or less and enables high-speed response, whereby the
liquid crystal display device can show high performance.

[0200] The liquid crystal material exhibiting a blue phase
includes a liquid crystal and a chiral agent. The chiral agent is
employed to align the liquid crystal in a helical structure and
to make the liquid crystal exhibit a blue phase. For example,
a liquid crystal material into which a chiral agent is mixed at
5wt % or more may be used for the liquid crystal layer.
[0201] As theliquid crystal, a thermotropic liquid crystal, a
low-molecular liquid crystal, a high-molecular liquid crystal,
a ferroelectric liquid crystal, an anti-ferroelectric liquid crys-
tal, or the like is used.

[0202] As the chiral agent, a material having a high com-
patibility with a liquid crystal and a strong twisting power is
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used. Either one of two enantiomers, R and S, is used, and a
racemic mixture in which R and S are mixed at 50:50 is not
used.

[0203] The above liquid crystal material exhibits a choles-
teric phase, a cholesteric blue phase, a smectic phase, a smec-
tic blue phase, a cubic phase, a chiral nematic phase, an
isotropic phase, or the like depending on conditions.

[0204] A cholesteric blue phase and a smectic blue phase,
which are blue phases, are seen in a liquid crystal material
having a cholesteric phase or a smectic phase with a relatively
short helical pitch of less than or equal to 500 nm. The
alignment of the liquid crystal material has a double twist
structure. Having the order of less than or equal to an optical
wavelength, the liquid crystal material is transparent, and
optical modulation action is generated through a change in
alignment order by voltage application. A blue phase is opti-
cally isotropic and thus has no viewing angle dependence.
Thus, an alignment film is not necessarily formed; therefore,
display image quality can be improved and cost can be
reduced. In addition, rubbing treatment on an alignment film
is unnecessary; accordingly, electrostatic discharge damage
caused by the rubbing treatment can be prevented and defects
and damage of the liquid crystal display device in the manu-
facturing process can be reduced. Thus, productivity of the
liquid crystal display device can be increased. A thin film
transistor that uses an oxide semiconductor layer particularly
has a possibility that electric characteristics of the thin film
transistor may fluctuate significantly by the influence of static
electricity and deviate from the designed range. Therefore, it
is more effective to use a blue phase liquid crystal material for
a liquid crystal display device including a thin film transistor
that uses an oxide semiconductor layer.

[0205] The blue phase appears only within a narrow tem-
perature range; therefore, it is preferable that a photocurable
resin and a photopolymerization initiator be added to a liquid
crystal material and polymer stabilization treatment be pet-
formed in order to widen the temperature range. The polymer
stabilization treatment is performed in such a manner that a
liquid crystal material including a liquid crystal, a chiral
agent, a photocurable resin, and a photopolymerization ini-
tiator is irradiated with light having a wavelength with which
the photocurable resin and the photopolymerization initiator
are reacted. This polymer stabilization treatment may be per-
formed by irradiating a liquid crystal material exhibiting an
isotropic phase with light or by irradiating a liquid crystal
material exhibiting a blue phase under the control of the
temperature with light. For example, the polymer stabiliza-
tion treatment is performed in the following manner: the
temperature of a liquid crystal layer is controlled and under
the state in which the blue phase is exhibited, the liquid crystal
layer is irradiated with light. However, the polymer stabiliza-
tion treatment is not limited to this manner and may be per-
formed in such a manner that a liquid crystal layer under the
state of exhibiting an isotropic phase at a temperature within
+10° C., preferably +5° C. of the phase transition temperature
between the blue phase and the isotropic phase 1s irradiated
with light. The phase transition temperature between the blue
phase and the isotropic phase is a temperature at which the
phase changes from the blue phase to the isotropic phase
when the temperature rises, or a temperature at which the
phase changes from the isotropic phase to the blue phase
when the temperature decreases. As an example of the poly-
mer stabilization treatment, the following method can be
employed: after heating a liquid crystal layer to exhibit the
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isotropic phase, the temperature of the liquid crystal layer is
gradually decreased so that the phase changes to the blue
phase, and then, irradiation with light is performed while the
temperature at which the blue phase is exhibited is kept.
Alternatively, after the phase changes to the isotropic phase
by gradually heating a liquid crystal layer, the liquid crystal
layer can be irradiated with light under a temperature within
+10° C., preferably +5° C. of the phase transition temperature
between the blue phase and the isotropic phase (under the
state of exhibiting an isotropic phase). In the case of using an
ultraviolet curable resin (a UV curable resin) as the photocur-
able resin included in the liquid crystal material, the liquid
crystal layer may be irradiated with ultraviolet rays. Even in
the case where the blue phase is not exhibited, if polymer
stabilization treatment is performed by irradiation with light
under a temperature within +10° C., preferably +5° C. of the
phase transition temperature between the blue phase and the
isotropic phase (under the state of exhibiting an isotropic
phase), the response time can be made as short as 1 msec or
less and high-speed response is possible.

[0206] The photocurable resin may be a monofunctional
monomer such as acrylate or methacrylate; a polyfunctional
monomer such as diacrylate, triacrylate, dimethacrylate, or
trimethacrylate; or a mixture thereof. Further, the photocur-
able resin may have liquid crystallinity, non-liquid crystallin-
ity, or both of them. A resin which is cured with light having
awavelength with which the photopolymerization initiator to
be used is reacted may be selected as the photocurable resin,
and an ultraviolet curable resin can be typically used.

[0207] As the photopolymerization initiator, a radical poly-
merization initiator which generates radicals by light irradia-
tion, an acid generator which generates an acid by light irra-
diation, or a base generator which generates a base by light
irradiation may be used.

[0208] Specifically, a mixture of JC-1041XX (produced by
Chisso Corporation) and 4-cyano-4'-pentylbiphenyl can be
used as the liquid crystal material. ZLI-4572 (produced by
Merck Ltd., Japan) can be used as the chiral agent. As the
photocurable resin, 2-ethylhexyl acrylate, RM257 (produced
by Merck Ltd., Japan), or trimethylolpropane triacrylate can
be used. As the photopolymerization initiator, 2,2-
dimethoxy-2-phenylacetophenone can be used.

[0209] The liquid crystal layer 206 is formed using a liquid
crystal material including a liquid crystal, a chiral agent, a
photocurable resin, and a photopolymerization initiator.
[0210] As illustrated in FIG. 2C, polymer stabilization
treatment is performed on the liquid crystal layer 206 by
irradiation with light 207, so that a liquid crystal layer 208 is
formed. The light 207 is light having a wavelength with which
the photocurable resin and the photopolymerization initiator
included in the liquid crystal layer 206 are reacted. By this
polymer stabilization treatment using light irradiation, the
temperature range in which the liquid crystal layer 208 exhib-
its a blue phase can be widened.

[0211] In the case where a photocurable resin such as an
ultraviolet curable resin is used as a sealant and a liquid
crystal layer is formed by a dropping method, for example,
the sealant may be cured by the light irradiation step of the
polymer stabilization treatment.

[0212] When a liquid crystal display device has a structure
in which a color filter layer and a light-blocking layer are
formed over an element substrate as illustrated in FIGS. 2A to
2D, irradiation light from the counter substrate side is not
absorbed or blocked by the color filter layer and the light-
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blocking layer; accordingly, the entire region of the liquid
crystal layer can be uniformly irradiated with the light. Thus,
alignment disorder of a liquid crystal due to nonuniform
photopolymerization, display unevenness due to the align-
ment disorder, and the like can be prevented. In addition,
since a thin film transistor is shielded from light by the light-
blocking layer, electric characteristics of the thin film tran-
sistor are kept stable.

[0213] As illustrated in FIG. 2D, a polarizing plate 210a is
provided on the outer side (a side opposite from a side pro-
vided with the liquid crystal layer 208) of the first substrate
200 and a polarizing plate 2105 is provided on the outer side
(a side opposite from a side provided with the liquid crystal
layer 208) of the second substrate 201. In addition to the
polarizing plates, an optical film such as a retardation plate or
an anti-reflection film may be provided. For example, circular
polarization may be employed using a polarizing plate or a
retardation plate. Through the above-described process, a
liquid crystal display device can be completed.

[0214] In the case of manufacturing a plurality of liquid
crystal display devices using a large-sized substrate (a so-
called multiple panel method), a division step can be per-
formed before the polymer stabilization treatment or before
provision of the polarizing plates. In consideration of the
influence of the division step on the liquid crystal layer (such
as alignment disorder due to force applied in the division
step), it is preferable that the division step be performed after
the attachment between the first substrate and the second
substrate and before the polymer stabilization treatment.
[0215] Although not illustrated, a backlight, a sidelight, or
the like may be used as a light source. Light from the light
source is emitted from the side of the first substrate 200,
which is an element substrate, so as to pass through the
second substrate 201 on the viewer side.

[0216] Improvement in contrast and viewing angle charac-
teristics enables a liquid crystal display device with higher
image quality and higher performance to be supplied. Further,
such a liquid crystal display device can be manufactured at
low cost with high productivity.

[0217] Further, characteristics of the thin film transistor can
be stabilized; thus, reliability of the liquid crystal display
device can be improved.

[0218] This embodiment can be implemented in combina-
tion with any ofthe structures disclosed in other embodiments
as appropriate.

Embodiment 10

[0219] A thin film transistor is manufactured, and a liquid
crystal display device having a display function can be manu-
factured using the thin film transistor in a pixel portion and
further in a driver circuit. Further, part or whole of a driver
circuit can be formed over the same substrate as a pixel
portion is, using a thin film transistor, whereby a system-on-
panel can be obtained.

[0220] The liquid crystal display device includes a liquid
crystal element (also referred to as a liquid crystal display
element) as a display element.

[0221] Further, a liquid crystal display device includes a
panel in which a liquid crystal display element is sealed, and
a module in which an IC or the like including a controller is
mounted to the panel. An embodiment of the present inven-
tion also relates to an element substrate, which corresponds to
one mode before the display element is completed in a manu-
facturing process of the liquid crystal display device, and the
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element substrate is provided with means for supplying cur-
rent to the display element in each of a plurality of pixels.
Specifically, the element substrate may be in a state after only
apixel electrode of the display element is formed, a state after
a conductive film to be a pixel electrode is formed and before
the conductive film is etched to form the pixel electrode, or
any of other states.

[0222] Note thata liquid crystal display device in this speci-
fication means an image display device, a display device, or a
light source (including a lighting device). Furthermore, the
liquid crystal display device also includes the following mod-
ules in its category: a module to which a connector such as a
flexible printed circuit (FPC), a tape automated bonding
(TAB) tape, or a tape carrier package (TCP) is attached; a
module having a TAB tape or a TCP at the tip of which a
printed wiring board is provided; and a module in which an
integrated circuit (IC) is directly mounted on a display ele-
ment by chip on glass (COG).

[0223] The appearance and a cross section of a liquid crys-
tal display panel, which is one embodiment of a liquid crystal
display device, is described with reference to FIGS. 12A to
12C. FIGS. 12A and 12 B are top views of a panel in which
highly reliable thin film transistors 4010 and 4011 each
including an oxide semiconductor film as a semiconductor
layer and a liquid crystal element 4013 are sealed between a
first substrate 4001 and a second substrate 4006 with a sealant
4005. FIG. 12C s a cross-sectional view along line M to N of
FIGS. 12A and 12B.

[0224] The sealant 4005 is provided so as to surround a
pixel portion 4002 and a scanning line driver circuit 4004 that
are provided over the first substrate 4001. The second sub-
strate 4006 is provided over the pixel portion 4002 and the
scanning line driver circuit 4004. Therefore, the pixel portion
4002 and the scanning line driver circuit 4004 are sealed
together with a liquid crystal layer 4008, by the first substrate
4001, the sealant 4005, and the second substrate 4006.
[0225] InFIG. 12A, a signal line driver circuit 4003 that is
formed using a single crystal semiconductor film or a poly-
crystalline semiconductor film over a substrate separately
prepared is mounted in a region that is different from the
region surrounded by the sealant 4005 over the first substrate
4001. In contrast, FIG. 12B illustrates an example in which
part of a signal line driver circuit is formed over the first
substrate 4001 with use of a thin film transistor including an
oxide semiconductor. A signal line driver circuit 40035 is
formed over the first substrate 4001 and a signal line driver
circuit 4003a which is formed using a single crystal semicon-
ductor film or a polycrystalline semiconductor film is
mounted on the substrate separately prepared.

[0226] Note that there is no particular limitation on the
connection method of a driver circuit which is separately
formed, and a COG method, a wire bonding method, a TAB
method, or the like can be used. FIG. 12A illustrates an
example of mounting the signal line driver circuit 4003 by a
COG method, and FIG. 12B illustrates an example of mount-
ing the signal line driver circuit 4003 by a TAB method.
[0227] The pixel portion 4002 and the scanning line driver
circuit 4004 provided over the first substrate 4001 include a
plurality of thin film transistors. FIG. 12C illustrates the thin
film transistor 4010 included in the pixel portion 4002 and the
thin film transistor 4011 included in the scanning line driver
circuit 4004. An insulating layer 4020 and an interlayer film
4021 are provided over the thin film transistors 4010 and
4011.
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[0228] Any of the highly reliable thin film transistors
including an oxide semiconductor film as a semiconductor
layer, which are described in Embodiments 1 to 8, can be used
as the thin film transistors 4010 and 4011. The thin film
transistors 4010 and 4011 are n-channel thin film transistors.
[0229] A pixel electrode layer 4030 and a common elec-
trode layer 4031 are provided over the first substrate 4001,
and the pixel electrode layer 4030 is electrically connected to
the thin film transistor 4010. The liquid crystal element 4013
includes the pixel electrode layer 4030, the common elec-
trode layer 4031, and the liquid crystal layer 4008. Note that
a polarizing plate 4032 and a polarizing plate 4033 are pro-
vided on the outer sides of the first substrate 4001 and the
second substrate 4006, respectively.

[0230] As the first substrate 4001 and the second substrate
4006, glass, plastic, or the like having a light-transmitting
property can be used. As plastic, a fiberglass-reinforced plas-
tics (FRP) plate, a polyvinyl fluoride (PVF) film, a polyester
film, or an acrylic resin film can be used. Further, sheet in
which aluminum foil is sandwiched by PVF films or polyester
films can also be used.

[0231] A columnar spacer denoted by reference numeral
4035 is obtained by selective etching of an insulating film and
is provided in order to control the thickness (a cell gap) of the
liquid crystal layer 4008. Note that a spherical spacer may be
used. In the liquid crystal display device using the liquid
crystal layer 4008, the thickness (the cell gap) of the liquid
crystal layer 4008 is preferably about 5 um to 20 um.

[0232] Although FIGS. 12A to 12C illustrate examples of
transmissive liquid crystal display devices, an embodiment of
the present invention can also be applied to a transflective
liquid crystal display device.

[0233] FIGS.12A to 12Cllustrate examples of liquid crys-
tal display devices in which a polarizing plate is provided on
the outer side (the view side) of a substrate; however, the
polarizing plate may be provided on the inner side of the
substrate. The position of the polarizing plate may be deter-
mined as appropriate depending on the material of the polar-
izing plate and conditions of the manufacturing process. Fur-
thermore, a light-blocking layer serving as a black matrix
may be provided.

[0234] Theinterlayer film 4021 is a light-transmitting chro-
matic-color resin layer and functions as a color filter layer. A
light-blocking layer may be included in part of the interlayer
film 4021. In FIGS. 12A to 12C, a light-blocking layer 4034
is provided on the second substrate 4006 side so as to cover
the thin film transistors 4010 and 4011. By the light-blocking
layer 4034, improvement in contrast and stabilization of the
thin film transistors can be achieved.

[0235] When a coloring layer which is the light-transmit-
ting chromatic-color resin layer is used as the interlayer film
4021 provided over the thin film transistor, the intensity of
incident light on the semiconductor layer of the thin film
transistor can be attenuated without reduction in an aperture
ratio of a pixel. Accordingly, electric characteristics of the
thin film transistor can be prevented from being varied due to
photosensitivity of the oxide semiconductor and can be sta-
bilized. Further, the light-transmitting chromatic-color resin
layer can function as a color filter layer. In the case of pro-
viding the color filter layer on the counter substrate side,
precise positional alignment of a pixel region with an element
substrate over which the thin film transistor is formed is
difficult, and accordingly there is a possibility that image
quality is degraded. Here, since the interlayer film is formed



US 2016/0259217 Al

as the color filter layer directly on the element substrate side,
the formation region can be controlled more precisely and this
structure is adjustable to a pixel with a fine pattern. In addi-
tion, one insulating layer can serve as both the interlayer film
and the color filter layer, whereby the process can be simpli-
fiedand a liquid crystal display device can be manufactured at
low cost.

[0236] The thin film transistors may be covered with the
insulating layer 4020 which serves as a protective film of the
thin film transistors; however, there is no particular limitation
to such a structure.

[0237] Note that the protective film is provided to prevent
entry of impurities floating in air, such as an organic sub-
stance, a metal substance, or moisture, and is preferably a
dense film. The protective film may be formed by a sputtering
method to be a single-layer film or a stack of a silicon oxide
film, a silicon nitride film, a silicon oxynitride film, a silicon
nitride oxide film, an aluminum oxide film, an aluminum
nitride film, an aluminum oxynitride film, and/or an alumi-
num nitride oxide film.

[0238] After the protective film is formed, the semiconduc-
tor layer may be subjected to annealing (300° C. to 400° C.).
[0239] Further, in the case of further forming a light-trans-
mitting insulating layer as a planarizing insulating film, the
light-transmitting insulating layer can be formed using an
organic material having heat resistance, such as polyimide,
acrylic, benzocyclobutene, polyamide, or epoxy. Other than
such organic materials, it is also possible to use a low-dielec-
tric constant material (a low-k material), a siloxane-based
resin, PSG (phosphosilicate glass), BPSG (borophosphosili-
cate glass), or the like. The insulating layer may be formed by
stacking a plurality of insulating films formed of these mate-
rials.

[0240] There is no particular limitation on the formation
method of the insulating layer having a stacked structure, and
the following method can be employed in accordance with the
material: sputtering, an SOG method, spin coating, dip coat-
ing, spray coating, droplet discharging (e.g., ink jetting,
screen printing, or offset printing), doctor knife, roll coating,
curtain coating, knife coating, or the like. In the case where
the insulating layer is formed using a material solution, the
semiconductor layer may be annealed (at 200° C. to 400° C.)
at the same time of a baking step. The baking step of the
insulating layer also serves as the annealing step of the semi-
conductor layer, whereby a liquid crystal display device can
be manufactured efficiently.

[0241] The pixel electrode layer 4030 and the common
electrode layer 4031 can be formed using a light-transmitting
conductive material such as indium oxide containing tung-
sten oxide, indium zinc oxide containing tungsten oxide,
indium oxide containing titanium oxide, indium tin oxide
containing titanium oxide, indium tin oxide (hereinafter
referred to as I'TO), indium zine oxide, or indium tin oxide to
which silicon oxide is added.

[0242] A conductive composition containing a conductive
high molecule (also referred to as a conductive polymer) can
be used for the pixel electrode layer 4030 and the common
electrode layer 4031.

[0243] In addition, a variety of signals and potentials are
supplied to the signal line driver circuit 4003 which is formed
separately, and the scanning line driver circuit 4004 or the
pixel portion 4002 from an FPC 4018.

[0244] Further, since the thin film transistor is easily broken
by static electricity and the like, a protection circuit for pro-
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tecting the driver circuits is preferably provided over the same
substrate for a gate line or a source line. The protection circuit
is preferably formed using a nonlinear element in which an
oxide semiconductor is used.

[0245] In FIGS. 12A to 12C, a connecting terminal elec-
trode 4015 is formed using the same conductive film as that of
the pixel electrode layer 4030, and a terminal electrode 4016
is formed using the same conductive film as that of source and
drain electrode layers of the thin film transistors 4010 and
4011.

[0246] The connecting terminal electrode 4015 is electri-
cally connected to a terminal included in the FPC 4018
through an anisotropic conductive film 4019.

[0247] Although FIGS.12A to 12C illustrate an example in
which the signal line driver circuit 4003 is formed separately
and mounted on the first substrate 4001, the present invention
is not limited to this structure. The scanning line driver circuit
may be formed separately and then mounted, or only a part of
the signal line driver circuit or a part of the scanning line
driver circuit may be formed separately and then mounted.
[0248] FIG. 16 illustrates an example of a liquid crystal
display module which is formed as a liquid crystal display
device disclosed in this specification.

[0249] FIG. 16 illustrates an example of the liquid crystal
display module, in which an element substrate 2600 and a
counter substrate 2601 are attached to each other with a
sealant 2602, and an element layer 2603 including a TFT or
the like, a display element 2604 including a liquid crystal
layer, and an interlayer film 2605 including a light-transmit-
ting chromatic-color resin layer that functions as a color filter
are provided between the substrates to form a display region.
The interlayer film 2605 including a light-transmitting chro-
matic-color resin layer is necessary to perform color display.
In the case of the RGB system, respective light-transmitting
chromatic-color resin layers corresponding to colors of red,
green, and blue are provided for respective pixels. The polar-
izing plate 2606 is provided on the outer side of the counter
substrate 2601 and a polarizing plate 2607 and a diffuser plate
2613 are provided on the outer side of the element substrate
2600. A light source includes a cold cathode tube 2610 and a
reflective plate 2611, and a circuit substrate 2612 is connected
to a wiring circuit portion 2608 of the element substrate 2600
through a flexible wiring board 2609 and includes an external
circuit such as a control circuit and a power source circuit. As
the light source, a white diode may be used. The polarizing
plate and the liquid crystal layer may be stacked with a retar-
dation plate interposed therebetween.

[0250] Through the above process, a highly reliable liquid
crystal display panel as a liquid crystal display device can be
manufactured.

[0251] This embodiment can be implemented in combina-
tion with any ofthe structures disclosed in other embodiments
as appropriate.

Embodiment 11

[0252] A liquid crystal display device disclosed in this
specification can be applied to a variety of electronic appli-
ances (including game machines). As the electronic appli-
ances, for example, there are a television device (also called a
television or a television receiver), a monitor for a computer
or the like, a camera such as a digital camera or a digital video
camera, a digital photo frame, a mobile phone (also called a
mobile phone or a mobile telephone device), a portable game
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console, a portable information terminal, an audio playback
device, and a large game machine such as a pachinko
machine.

[0253] FIG. 13A illustrates an example of a television
device 9600. A display portion 9603 is incorporated in a
housing 9601 of the television device 9600. The display por-
tion 9603 can display images. Here, the housing 9601 is
supported on a stand 9605.

[0254] The television device 9600 can be operated by an
operation switch of the housing 9601 or a separate remote
controller 9610. The channel and volume can be controlled
with operation keys 9609 of the remote controller 9610 and
the images displayed on the display portion 9603 can be
controlled. Moreover, the remote controller 9610 may have a
display portion 9607 on which the information outgoing from
the remote controller 9610 is displayed.

[0255] Note that the television device 9600 is provided with
a receiver, a modem, and the like. With the receiver, general
television broadcasting can be received. Moreover, when the
display device is connected to a communication network with
or without wires via the modem, one-way (from a sender to a
receiver) or two-way (e.g., between a sender and a receiver or
between receivers) information communication can be pet-
formed.

[0256] FIG. 13B illustrates an example of a digital photo
frame 9700. For example, a display portion 9703 is incorpo-
rated in a housing 9701 of the digital photo frame 9700. The
display portion 9703 can display a variety of images, for
example, displays image data taken with a digital camera or
the like, so that the digital photo frame can function in a
manner similar to a general picture frame.

[0257] Note that the digital photo frame 9700 is provided
with an operation portion, an external connection terminal
(such as a USB terminal or a terminal which can be connected
to a variety of cables including a USB cable), a storage
medium inserting portion, and the like. They may be incor-
porated on the same plane as the display portion; however,
they are preferably provided on a side surface or the rear
surface of the display portion because the design is improved.
For example, a memory including image data taken with a
digital camera is inserted into the storage medium inserting
portion of the digital photo frame and the image data is
imported. Then, the imported image data can be displayed on
the display portion 9703.

[0258] The digital photo frame 9700 may send and receive
information wirelessly. Via wireless communication, desired
image data can be wirelessly imported into the digital photo
frame 9700 and displayed.

[0259] FIG.14A illustrates a portable game console includ-
ing a housing 9881 and a housing 9891 which are jointed with
a connector 9893 so as to be opened and closed. A display
portion 9882 and a display portion 9883 are incorporated in
the housing 9881 and the housing 9891, respectively. The
portable game console illustrated in FIG. 14A additionally
includes a speaker portion 9884, a storage medium inserting
portion 9886, an LED lamp 9890, an input means (operation
keys 9885, a connection terminal 9887, a sensor 9888 (having
a function of measuring force, displacement, position, speed,
acceleration, angular speed, rotational frequency, distance,
light, liquid, magnetism, temperature, chemical substance,
sound, time, hardness, electric field, current, voltage, electric
power, radiation, flow rate, humidity, gradient, vibration,
smell, or infrared ray), and a microphone 9889), and the like.
Needless to say, the structure of the portable game console is
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not limited to the above, and may be any structure which is
provided with at least a liquid crystal display device disclosed
in this specification. Moreover, another accessory may be
provided as appropriate. The portable game console illus-
trated in F1G. 14 A has a function of reading a program or data
stored ina storage medium to display it on the display portion,
and a function of sharing information with another portable
game console via wireless communication. The portable
game console of FIG. 14A can have a variety of functions
other than those above.

[0260] FIG. 14B illustrates an example of a slot machine
9900, which is a large game machine. A display portion 9903
is incorporated in a housing 9901 of the slot machine 9900.
The slot machine 9900 additionally includes an operation
means such as a start lever or a stop switch, a coin slot, a
speaker, and the like. Needless to say, the structure of the slot
machine 9900 is not limited to the above and may be any
structure which is provided with at least a liquid crystal dis-
play device disclosed in this specification. Moreover, another
accessory may be provided as appropriate.

[0261] FIG. 15A illustrates an example of a mobile phone
1000. The mobile phone 1000 includes a housing 1001 in
which a display portion 1002 is incorporated, and moreover
includes an operation button 1003, an external connection
port 1004, a speaker 1005, a microphone 1006, and the like.

[0262] Information can be input to the mobile phone 1000
illustrated in FIG. 15A by touching the display portion 1002
with a finger or the like. Moreover, calling or text messaging
can be performed by touching the display portion 1002 with
a finger or the like.

[0263] There are mainly three screen modes of the display
portion 1002. The first mode is a display mode mainly for
displaying images. The second mode is an input mode mainly
for inputting information such as text. The third mode is a
display-and-input mode in which two modes of the display
mode and the input mode are mixed.

[0264] For example, in the case of calling or text messag-
ing, the display portion 1002 is set to atext input mode mainly
for inputting text, and text input operation can be performed
on a screen. In this case, it is preferable to display a keyboard
or number buttons on almost the entire screen of the display
portion 1002.

[0265] When a detection device including a sensor for
detecting inclination, such as a gyroscope or an acceleration
sensor, is provided inside the mobile phone 1000, display on
the screen of the display portion 1002 can be automatically
switched by judging the direction of the mobile phone 1000
(whether the mobile phone 1000 is placed horizontally or
vertically for a landscape mode or a portrait mode).

[0266] Further, the screen modes are switched by touching
the display portion 1002 or operating the operation button
1003 of the housing 1001. Alternatively, the screen modes can
be switched depending on kinds of images displayed on the
display portion 1002. For example, when a signal for an
image displayed on the display portion is data of moving
images, the screen mode is switched to the display mode.
When the signal is text data, the screen mode is switched to
the input mode.

[0267] Further, in the input mode, a signal is detected by an
optical sensor in the display portion 1002 and if input by
touching the display portion 1002 is not performed for a
certain period, the screen mode may be controlled so as to be
switched from the input mode to the display mode.
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[0268] The display portion 1002 can also function as an
image sensor. For example, an image of a palm print, a fin-
gerprint, or the like is taken by touching the display portion
1002 with the palm or the finger, whereby personal authenti-
cation can be performed. Moreover, when a backlight or
sensing light source which emits near-infrared light is pro-
vided in the display portion, an image of finger veins, palm
veins, or the like can be taken.
[0269] FIG. 15B also illustrates an example of a mobile
phone. The mobile phone illustrated in FIG. 15B includes a
display device 9410 having a display portion 9412 and opera-
tion buttons 9413 in a housing 9411 and a communication
device 9400 having scan buttons 9402, an external input
terminal 9403, a microphone 9404, a speaker 9405, and a
light-emitting portion 9406 which emits light when receiving
a call in a housing 9401. The display device 9410 having a
display function can be detached from or attached to the
communication device 9400 having a telephone function in
two directions indicated by the arrows. Accordingly, the dis-
play device 9410 and the communication device 9400 can be
attached to each other along their short sides or long sides. In
addition, when only the display function is needed, the dis-
play device 9410 can be detached from the communication
device 9400 and used alone. Images or input information can
be transmitted or received by wireless or wire communication
between the communication device 9400 and the display
device 9410, each of which has a rechargeable battery.
[0270] This application is based on Japanese Patent Appli-
cation serial no. 2008-308787 filed with Japan Patent Office
on Dec. 3, 2008, the entire contents of which are hereby
incorporated by reference.
1. (canceled)
2. A liquid crystal display device comprising:
a transistor over a substrate, the transistor comprising:
a gate electrode comprising a copper layer; and
an oxide semiconductor layer over the gate electrode,
the oxide semiconductor layer comprising a channel
formation region;
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a first electrode layer;

a second electrode layer having an opening; and

a liquid crystal layer,

wherein one of the first electrode layer and the second

electrode layer is a pixel electrode layer which is elec-
trically connected to the transistor, and the other of the
first electrode layer and the second electrode layer is a
common electrode layer, and

wherein the liquid crystal display device is configured to

display an image by a lateral electric field mode.

3. The liquid crystal display device according to claim 2,
wherein the gate electrode further comprises a titanium layer
which is provided over the copper layer.

4. The liquid crystal display device according to claim 2,
wherein the oxide semiconductor layer comprises indium,
gallium, and zinc.

5. The liquid crystal display device according to claim 2,
wherein the transistor further comprises a source electrode
layer and a drain electrode layer which are in contact with a
top surface of the oxide semiconductor layer.

6. The liquid crystal display device according to claim 2,
wherein the first electrode layer is positioned between the
substrate and the second electrode layer.

7. The liquid crystal display device according to claim 2,
wherein the second electrode layer is positioned between the
substrate and the first electrode layer.

8. The liquid crystal display device according to claim 2,
wherein the first electrode layer and the second electrode
layer comprise a same material.

9. The liquid crystal display device according to claim 2,
wherein the lateral electric field mode is an FFS mode.

10. The liquid crystal display device according to claim 2,
further comprising a light-transmitting chromatic-color resin
layer between the transistor and the second electrode layer,

wherein the light-transmitting chromatic-color resin layer

is overlapped with the pixel electrode layer and the oxide
semiconductor layer.
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