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DISPLAY DEVICE AND ELECTRONIC
DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an object, a
method, or a manufacturing method. In addition, the present
invention relates to a process, a machine, manufacture, or a
composition of matter. One embodiment of the present
invention relates to a semiconductor device, a display
device, an electronic device, a manufacturing method
thereof, or a driving method thereof. One embodiment of the
present invention particularly relates to, for example, a
reflective liquid crystal display device.

[0003] Note that the term “display device” means a device
including a display element. In addition, the display device
includes a driver circuit for driving a plurality of pixels, and
the like. Furthermore, the display device may include a
control circuit, a power supply circuit, a signal generation
circuit, or the like formed over another substrate.

[0004] 2. Description of the Related Art

[0005] With the recent rapid spread of portable informa-
tion terminals such as smartphones, improvement in their
performance has progressed rapidly. Their screens have been
increased in size and resolution, and some recent ones have
resolutions as high as over 300 ppi.

[0006] For example, liquid crystal display devices gener-
ally have a structure in which R, G, and B sub-pixels are
provided in a display region and provided with their respec-
tive color filters. The color filters are provided over a
substrate (a counter substrate) which faces an active-matrix
substrate (a substrate provided with elements (e.g., transis-
tors) for driving pixels).

[0007] With the increase in resolution, the alignment accu-
racy between an active-matrix substrate and a counter sub-
strate provided with color filters can be recognized as a
problem. In view of this problem, attention has been focused
on what is called a color filter on array (COA) structure, in
which a color filter is formed on the active-matrix substrate
side.

[0008] As a liquid crystal display device with a COA
structure, a reflective or semi-transmissive liquid crystal
display device which includes a color filter, a pixel elec-
trode, and a reflective layer on the active-matrix substrate
side and in which light entering from the counter substrate
side is transmitted through the pixel electrode and the color
filter and is reflected by the underlying reflective layer and
is visually recognized is disclosed (e.g., see Patent Docu-
ment 1 and Patent Document 2).

PATENT DOCUMENTS

[Patent Document 1] Japanese Published Patent Application
No. 2000-187209

[Patent Document 2] PCT International Publication No.
2011/045953

SUMMARY OF THE INVENTION

[0009] In the case of a reflective display device in which
a counter substrate is provided with a color filter, light such
as external light is transmitted through the color filter,
reflected by a reflective film or the like, and transmitted
through the color filter again.
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[0010] Also in the case of a reflective display device
having a COA structure, light such as external light is
transmitted through the color filter, reflected by a reflective
film or the like, and transmitted through the color filter
again. That is, light such as external light is transmitted
through the color filter twice and is then observed by a
viewer. This may increase the color purity of reflected light.
In the case where external light is relatively weak in a room
or the like, reflected light with high color purity is weak,
resulting in dark display.

[0011] The color purity of reflected light in a reflective
display device can be adjusted by the thickness of a color
filter, for example. The color purity can be adjusted also by
changing a coloring material, such as a pigment, which is
used for the color filter. However, when the thickness of the
color filter is large or small, it is difficult to make the
thickness uniform all over a substrate surface. In the case
where a coloring material used for the color filter is changed,
the material change results in increases in development time
and cost.

[0012] Another problem is low adhesion between the color
filter and a surface over which the color filter is formed. For
example, as the color filter, a photosensitive resin film is
formed by applying and drying a photosensitive resin solu-
tion in which a coloring material is dispersed. Since the
coloring material is dispersed, light intensity at the time of
light exposure of the photosensitive resin film decreases in
a depth direction, which may cause insufficient photocuring
and low adhesion at or around the interface between the
photosensitive resin film and the surface over which the
photosensitive resin film is formed.

[0013] In view of the above problems, an object of one
embodiment of the present invention is to provide a novel
display device capable of adjusting color purity. Another
object of one embodiment of the present invention is to
provide a novel display device with improved adhesion of a
color filter. Another object of one embodiment of the present
invention is to provide a novel display device of which
productivity is improved. Another object of one embodiment
of the present invention is to provide a novel display device
capable of excellent reflective display. Another object of one
embodiment of the present invention is to provide a novel
display device with a COA structure that is capable of
excellent reflective display. Another object of one embodi-
ment of the present invention is to provide a novel display
device or the like.

[0014] Note that the descriptions of these objects do not
disturb the existence of other objects. Note that in one
embodiment of the present invention, there is no need to
achieve all the objects. Note that other objects will be
apparent from the description of the specification, the draw-
ings, the claims, and the like and other objects can be
derived from the description of the specification, the draw-
ings, the claims, and the like.

[0015] One embodiment of the present invention is a
display device which includes a pixel region, a transistor
formed in the pixel region, a source electrode layer or a drain
electrode layer of the transistor, an insulating layer over the
source electrode layer or the drain electrode layer, a pixel
electrode layer over the insulating layer, and a coloring layer
overlapping with the pixel electrode layer and the drain
electrode layer. The pixel electrode layer is electrically
connected to the transistor. The coloring layer includes at
least a first opening and a second opening.
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[0016] In the above embodiment, the coloring layer may
be formed over a counter substrate, and a substrate provided
with the pixel electrode layer and the counter substrate may
be aligned with and attached to each other such that the
coloring layer overlaps with the pixel electrode layer. In the
above embodiment, the pixel electrode layer may function
as a reflective electrode layer.

[0017] In the above embodiment, the coloring layer may
be a material layer capable of transmitting light in a red
wavelength range, a material layer capable of transmitting
light in a green wavelength range, or a material layer capable
of transmitting light in a blue wavelength range. As another
color of the coloring layer, cyan, magenta, yellow, or the like
may be used. In the case where three or more kinds of
coloring layers are used to achieve full-color display, each
coloring layer may have an upper surface shape different
from those of the coloring layers of the other colors, and for
example, may have a different opening shape. A plurality of
coloring layers are not necessarily formed over one sub-
strate, and for example, the counter substrate may be pro-
vided with a first coloring layer and the substrate provided
with the transistor may be provided with a second coloring
layer and a third coloring layer.

[0018] In the above embodiment, the display device may
further include a second coloring layer and a third coloring
layer. The second coloring layer includes at least a third
opening and a fourth opening. Upper surface shapes of the
third opening and the fourth opening are different from those
of the first opening and the second opening. When an
opening in a red coloring layer has a larger area than that of
an opening in a blue coloring layer, reflectance can be
improved with an NTSC ratio maintained.

[0019] Another embodiment of the present invention is a
display device which includes a pixel region, a transistor
formed in the pixel region, a reflective electrode layer
formed on the same surface as a source electrode layer or a
drain electrode layer of the transistor, a first insulating layer
over the reflective electrode layer, a coloring layer which is
over the first insulating layer and overlaps with the reflective
electrode layer, a second insulating layer over the coloring
layer, and a pixel electrode layer over the second insulating
layer. The coloring layer includes at least a first opening and
a second opening. The pixel electrode layer is electrically
connected to the transistor through the first opening. The
second insulating layer is in contact with the first insulating
layer in the second opening.

[0020] Another embodiment of the present invention is a
display device which includes a pixel region, a transistor
formed in the pixel region, a reflective electrode layer
formed on the same surface as a source electrode layer or a
drain electrode layer of the transistor, a first insulating layer
including an inorganic insulating material over the reflective
electrode layer, a coloring layer which is over the first
insulating layer and overlaps with the reflective electrode
layer, a second insulating layer including an organic insu-
lating material over the coloring layer, and a pixel electrode
layer over the second insulating layer. The coloring layer
includes at least a first opening and a second opening. The
pixel electrode layer is electrically connected to the transis-
tor through the first opening. The second insulating layer is
in contact with the first insulating layer in the second
opening.

[0021] In each of the above embodiments, it is preferable
that the transistor include a gate electrode layer, a gate
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insulating layer over the gate electrode layer, a semiconduc-
tor layer over the gate insulating layer, and the source
electrode layer and the drain electrode layer which are in
contact with the gate insulating layer and the semiconductor
layer.

[0022] In each of the above embodiments, it is preferable
that the first insulating layer include a third opening over-
lapping with the first opening and the pixel electrode layer
be electrically connected to the drain electrode layer of the
transistor through the first opening and the third opening.
[0023] In each of the above embodiments, it is preferable
that the semiconductor layer be an oxide semiconductor
layer. The oxide semiconductor layer preferably includes an
oxide represented by an In-M-Zn oxide that contains at least
indium (In), zinc (Zn), and M (M represents Al, Ga, Ge, Y,
Zr, Sn, La, Ce, or Hf).

[0024] In each of the above embodiments, a touch panel
may overlap with the pixel region, or the counter substrate
may be provided with a circuit having a touch input func-
tion.

[0025] Embodiments of the present invention also include
an electronic device including the above display device.
[0026] In one embodiment of the present invention, a
novel display device capable of adjusting color purity can be
provided. In one embodiment of the present invention, a
novel display device with improved adhesion of a color filter
can be provided. Furthermore, in one embodiment of the
present invention, a novel display device of which produc-
tivity is improved can be provided. Furthermore, in one
embodiment of the present invention, a novel display device
capable of excellent reflective display can be provided.
Furthermore, in one embodiment of the present invention, a
novel display device or the like can be provided.

[0027] Note that the descriptions of these effects do not
disturb the existence of other effects. Note that in one
embodiment of the present invention, there is no need to
achieve all the effects. Note that other effects will be
apparent from the description of the specification, the draw-
ings, the claims, and the like and other effects can be derived
from the description of the specification, the drawings, the
claims, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In the accompanying drawings:
[0029] FIG. 1 illustrates a top view of a display device;
[0030] FIGS. 2A to 2C each illustrate a top view of a

coloring layer of a display device:

[0031] FIGS. 3A and 3B illustrate cross-sectional views of
a display device;

[0032] FIGS. 4A to 4D are cross-sectional views illustrat-
ing a method for manufacturing a display device;

[0033] FIGS. 5A to 5D are cross-sectional views illustrat-
ing a method for manufacturing a display device;

[0034] FIGS. 6A to 6C are cross-sectional views illustrat-
ing a method for manufacturing a display device:

[0035] FIGS. 7A and 7B illustrate a cross section of a
display device and a method for manufacturing the display
device;

[0036] FIGS. 8A and 8B are a block diagram of a display
device and a circuit diagram of a pixel;

[0037] FIG. 9 illustrates a display module:
[0038] FIGS. 10A to 10H each illustrate an electronic
device;
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[0039]
example:
[0040]
example:
[0041] FIGS. 13A and 13B show cross-sectional TEM
images in an example;

[0042] FIGS. 14A to 14C each illustrate a top view of a
coloring layer of a display device;

[0043] FIG. 15 is a cross-sectional view illustrating a
method for manufacturing a display device:

[0044] FIGS.16A and 16B each illustrate a cross-sectional
view of a display device:

[0045] FIGS.17A and 17B each illustrate a cross-sectional
view of a display device:

[0046] FIGS. 18A and 18B each illustrate a cross-sectional
view of a display device:

[0047] FIGS.19A and 19B each illustrate a cross-sectional
view of a display device;

[0048] FIGS. 20A and 20B each illustrate a cross-sectional
view of a display device;

[0049] FIG. 21 illustrates a top view of a display device:
[0050] FIGS. 22A and 22B each illustrate a top view of a
coloring layer of a display device;

[0051] FIGS. 23A and 23B each illustrate a cross-sectional
view of a display device:

[0052] FIGS. 24A and 24B are a diagram illustrating a
method for measuring reflectance and a graph showing
reflectance;

[0053] FIGS. 25A and 25B show a photograph of a display
device and characteristics of the display device;

FIGS. 11A to 11C show optical micrographs in an

FIG. 12 shows a cross-sectional TEM image in an

[0054] FIG. 26 is a schematic cross-sectional view of a
display device:
[0055] FIGS. 27A and 27B are conceptual diagrams each

illustrating an example of a driving method of a display
device; and

[0056] FIG. 28 is a graph showing changes in images
caused by a refresh operation.

DETAILED DESCRIPTION OF THE
INVENTION

[0057] Embodiments will be hereinafter described with
reference to drawings. However, the embodiments can be
implemented with various modes. It will be readily appre-
ciated by those skilled in the art that modes and details can
be changed in various ways 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 in the following embodiments.

[0058] In drawings, the size, the layer thickness, or the
region is exaggerated for clarity in some cases. Therefore,
embodiments of the present invention are not limited to such
a scale. Note that drawings are schematic views showing
ideal examples, and embodiments of the present invention
are not limited to shapes or values shown in the drawings.
[0059] Ordinal numbers such as “first”, “second”, and
“third” in this specification are used in order to avoid
confusion among components, and the terms do not limit the
components numerically.

[0060] Note that in this specification, terms for describing
arrangement, such as “over” and “under”, are used for
convenience for describing the positional relation between
components with reference to drawings. Further, the posi-
tional relation between components is changed as appropri-
ate in accordance with a direction in which each component
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is described. Thus, the positional relation is not limited to
that described with a term used in this specification and can
be explained with another term as appropriate depending on
the situation.

[0061] In this specification and the like, a transistor is an
element having at least three terminals of a gate, a drain, and
a source. In addition, the transistor has a channel region
between a drain (a drain terminal, a drain region, or a drain
electrode layer) and a source (a source terminal, a source
region, or a source electrode layer), and current can flow
through the drain, the channel region, and the source.
[0062] Functions of a “source” and a “drain” are some-
times replaced with each other when a transistor of opposite
polarity is used or when the direction of current flowing is
changed in circuit operation, for example. Therefore, the
terms “source” and “drain” can be replaced with each other
in this specification and the like.

[0063] In this specification and the like, the term “electri-
cally connected” includes the case where components are
connected through an object having any electric function.
There is no particular limitation on an “object having any
electric function” as long as electric signals can be trans-
mitted and received between components that are connected
through the object. Examples of an “object having any
electric function” include a switching element such as a
transistor, a resistor, an inductor, a capacitor, and an element
with a variety of functions, as well as an electrode and a
wiring.

[0064] In this specification and the like, a pixel region
includes at least a pixel (corresponding to a display unit that
can control the luminance of one color element (e.g., any
one of R (red), G (green), and B (blue))). Therefore, in a
color display device, the minimum display unit of a color
image is composed of three pixels of an R pixel, a G pixel,
and a B pixel. Note that the colors of the color elements for
displaying color images are not limited to three colors, and
may be more than three colors or may include a color other
than R, G, and B. For example, a display unit may be
composed of four pixels of the R pixel, the G pixel, the B
pixel, and a W (white) pixel. Alternatively, a display unit
may be composed of a plurality of color elements among R,
G, and B as in PenTile layout.

Embodiment 1

[0065] In this embodiment, a display device of one
embodiment of the present invention will be described with
reference to FIG. 1, FIGS. 2A to 2C, FIGS. 3A and 3B,
FIGS. 4A to 4D. FIGS. 5A to 5D, and FIGS. 6A to 6C.

[0066] FIG. 1 illustrates a top view of an example of a
display device of one embodiment of the present invention.
In the top view of FIG. 1, which shows some pixel regions
(three pixels) in the display device, components such as a
gate insulating layer are partly omitted to avoid complexity.
[0067] In FIG. 1, a transistor 150 includes a conductive
layer 104a serving as a gate electrode layer, a gate insulating
layer (not illustrated in FIG. 1), a semiconductor layer 108
where a channel region is formed, a conductive layer 1105_1
serving as a source electrode layer, and a conductive layer
105_2 serving as a drain electrode layer. A gate line 104
including the conductive layer 104a serving as the gate
electrode layer of the transistor 150 extends in the horizontal
direction, and a source line 110 including the conductive
layer 1105_1 serving as the source electrode layer of the
transistor 150 extends in the vertical direction. A pixel
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region 120 is formed in a region defined by two gate lines
104 adjacent to each other and two source lines 110 adjacent
to each other. In this manner, the transistor 150 is formed in
the pixel region 120.

[0068] Furthermore, a conductive layer 10454 that is
formed in the same step as the conductive layer 1044 serving
as a gate electrode layer and the conductive layer 1105_2
that serves as a drain electrode layer are stacked with an
insulating layer that is formed in the same step as the gate
insulating layer positioned therebetween. The conductive
layer 1045, the insulating layer that is formed in the same
step as the gate insulating layer, and the conductive layer
1105_2 form a capacitor 152.

[0069] The transistor 150 is electrically connected to a
pixel electrode layer 118. Specifically, the pixel electrode
layer 118 is electrically connected to the conductive layer
1105_2 that serves as the drain electrode layer of the
transistor 150, through an opening 134 and an opening 138.
[0070] It is preferable that the area of a region where the
source line 110 including the conductive layer 1105_1 and
the gate line 104 including the conductive layer 104a
intersect with each other be small as illustrated in FIG. 1.
Reducing the area of the source line 110 and the area of the
gate line 104 can reduce parasitic capacitance that can be
generated between the source line 110 and the gate line 104.
[0071] The pixel region 120 includes a conductive layer
1105_3 that is formed in the same step as the conductive
layer 1105_1 serving as the source electrode layer of the
transistor 150 and the conductive layer 1105_2 serving as
the drain electrode layer of the transistor 150. Note that the
conductive layer 1105_3 has a function of a reflective
electrode layer. The conductive layer 1105_3 overlaps with
a coloring layer 114. The coloring layer 114 overlaps with
the pixel electrode layer 118.

[0072] In the structure in FIG. 1, light (mainly external
light) that is incident on the conductive layer 1105_3 is
transmitted through at least the pixel electrode layer 118 and
the coloring layer 114 and is reflected by the conductive
layer 1105_3. In other words, the display device in this
embodiment performs color display with the use of light
reflected by the conductive layer 1105_3 serving as a
reflective electrode layer. Note that the conductive layer
1105_3 has a function of a capacitor line. The conductive
layer 1105_3 is connected to that in an adjacent pixel.
[0073] The coloring layer 114 has an opening 134 serving
as a first opening and an opening 136 serving as a second
opening. Note that FIG. 1 illustrates a structure in which one
pixel is provided with 16 openings 136. However, the shape
or number of openings 136 is not limited to this example.
[0074] The opening 134 serves as an opening for connec-
tion between the transistor 150 and the pixel electrode layer
118. The opening 136 has a function of adjusting the color
purity of the coloring layer 114. In other words, the color
purity of the coloring layer 114 can be adjusted with the
shape or number of openings 136.

[0075] Such a structure in which the coloring layer 114 has
the opening 136 makes it easy to adjust the color purity of
the coloring layer 114.

[0076] Here, an upper surface shape of the coloring layer
114 in the display device illustrated in FIG. 1 is described
more specifically. FIG. 2A is a top view of the coloring layer
114. Note that in FIG. 2A, components other than the
coloring layer 114 are omitted. In addition, FIG. 2A corre-
sponds to a top view of one pixel.
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[0077] The coloring layer 114 illustrated in FIG. 2A has
the opening 134 and the openings 136. In FIG. 2A, a region
overlapping with the coloring layer 114 of an adjacent pixel,
here the coloring layer 114 of an upper adjacent pixel, is
denoted by a region 141, and a region overlapping with the
coloring layer 114 of a lower adjacent pixel is denoted by a
region 142. Such an arrangement in which one pixel over-
laps with part of the coloring layer 114 of an adjacent pixel
can suppress light reflection by the gate line 104 or the
source line 110. In other words, when the coloring layer 114
of'an adjacent pixel is stacked, part of the coloring layer 114
can function as a so-called black matrix (BM).

[0078] Note that FIG. 2A illustrates, as an example, a
structure in which the coloring layers 114 of adjacent pixels
on both sides separately overlap with the coloring layer 114;
however, the present invention is not limited to this struc-
ture. For example, each of the coloring layers 114 of the
adjacent pixels may overlap with the coloring layer 114.
Note that in the case where each of the coloring layers 114
of the adjacent pixels overlaps with the coloring layer 114,
surface unevenness in the pixel region 120 or around the
pixel region 120 may increase. In view of the flatness in the
pixel region 120 or around the pixel region 120, it is
preferable that the coloring layers 114 of both the adjacent
pixels separately overlap with the coloring layer 114 as
illustrated in FIG. 2A. Alternatively, a black coloring layer
serving as a black matrix (BM) may be provided around the
pixel region 120.

[0079] FIGS. 2B and 2C illustrate modification examples
of the coloring layer 114 in FIG. 2A.

[0080] The coloring layer 114 in FIG. 2B differs from the
coloring layer 114 in FIG. 2A in the shape of the opening
134 and the shape and arrangement of the openings 136. The
coloring layer 114 in FIG. 2C differs from the coloring layer
114 in FIG. 2A in the shape of the opening 134 and the shape
and arrangement of the openings 136. In this manner, the
shapes, numbers, or arrangement of the opening 134 and the
openings 136 of the coloring layer 114 can be variously
changed to adjust the color purity of the coloring layer 114.
Although the openings 136 illustrated in FIG. 1 and FIGS.
2A to 2C have quadrilateral shapes, the present invention is
not limited to these examples and the openings 136 may
have a circular shape, an elliptical shape, or the like.
[0081] Note that the shape and arrangement of the color-
ing layer 114, the opening 134, the openings 136, and the
like may be changed depending on the color of the pixel. For
example, the structure in FIG. 2A may be adopted for an R
pixel; the structure in FIG. 2B may be adopted for a G pixel;
and the structure in FIG. 2C may be adopted for a B pixel.
For a W pixel, a structure not provided with the coloring
layer 114 may be adopted, or the opening 134 or the
openings 136 may be larger than those in pixels of other
colors.

[0082] Alternatively, a transmissive region 401 may be
provided in one pixel. Alternatively, a semi-transmissive
display device including the transmissive region 401 and a
reflective region 400 may be formed. FIGS. 14A to 14C
illustrate examples in which the upper surface shapes of the
coloring layers 114 in FIGS. 2A to 2C are used in semi-
transmissive display devices. As illustrated in FIGS. 14A to
14C, it is possible that the opening 136 is not provided in the
transmissive region 401.

[0083] Next, cross sections of the display device illus-
trated in FIG. 1 are described with reference to FIGS. 3A and
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3B. Note that FIG. 3A is a cross-sectional view correspond-
ing to a cross section taken along dashed-dotted line X1-Y1
in FIG. 1. FIG. 3B is a cross-sectional view corresponding
to a cross section taken along dashed-dotted line X2-Y2 in
FIG. 1.

[0084] The display device in FIG. 3A includes a first
substrate 102; the conductive layer 104a serving as a gate
electrode layer over the first substrate 102; the conductive
layer 1045 formed in the same step as the conductive layer
104a; an insulating layer 106a and an insulating layer 1065
over the first substrate 102 and the conductive layers 104a
and 1044; the semiconductor layer 108 which is over the
insulating layer 1065 and overlaps with the conductive layer
104a; a conductive layer 110a_1 serving as a source elec-
trode layer over the semiconductor layer 108 and the insu-
lating layer 1065; a conductive layer 110a_2 serving as a
drain electrode layer over the semiconductor layer 108 and
the insulating layer 1065; a conductive layer 110a_3 formed
in the same step as the conductive layers 110a_1 and
1104a_2; the conductive layers 1105_1, 1105_2, and 1105_3
over the conductive layers 110a_1, 110a_2, and 110a_3; a
conductive layer 110c_1 over the conductive layer 1105_2;
an insulating layer 112 serving as a protective insulating film
over the insulating layer 1065, the semiconductor layer 108,
and the conductive layers 1105_1, 1105_2, 1105_3, and
110c¢_1; the coloring layer 114 having a function of a color
filter over the insulating layer 112; an insulating layer 116
having a function of an overcoat layer over the coloring
layer 114; the pixel electrode layer 118 over the insulating
layer 116; a liquid crystal layer 166 over the pixel electrode
layer 118; a conductive layer 164 having a function of a
counter electrode over the liquid crystal layer 166; and a
second substrate 162 over the conductive layer 164.
[0085] Note that the conductive layer 104a, the insulating
layers 1064 and 1065, the semiconductor layer 108, and the
conductive layers 110a_1, 110a 2, 1105_1, and 1105_2 form
the transistor 150. The conductive layer 1045, the insulating
layers 106a and 1065, and the conductive layers 110a_3 and
1105_3 form the capacitor 152.

[0086] Note that a portion of the insulating layers 106a
and 1065 which overlaps with the conductive layer 104a
serving as a gate electrode layer has a function of a gate
insulating layer of the transistor 150, and a portion thereof
which overlaps with the conductive layer 1045 has a func-
tion of a dielectric layer of the capacitor 152.

[0087] The insulating layers 106a and 1065 are provided
with an opening 132 which reaches the conductive layer
1044, and the conductive layers 110a_2 and 1105_2 having
a function of a drain electrode layer of the transistor 150 are
connected to the conductive layer 1045 through the opening
132.

[0088] Note that the example in which the opening 132 is
provided is described here; however, one embodiment of the
present invention is not limited to this example. For
example, a structure in which the opening is not provided as
illustrated in FIG. 16 A may be employed. In that case, the
conductive layer 1105_3 is included in the same island as the
conductive layer 1105_2. Similarly, the conductive layer
1104_3 is included in the same island as the conductive layer
110a_2. The conductive layer 1045 can serve as a capacitor
line. Accordingly, in such a case, the conductive layer 1045
is preferably provided so as to extend in a direction sub-
stantially parallel to the conductive layer 104a or the gate
line 104.
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[0089] The coloring layer 114 is provided with the open-
ing 134 and the openings 136. In other words, the insulating
layer 116 over the coloring layer 114 is in contact with the
insulating layer 112 in the opening 134. Note that the
adhesion of the insulating layer 116 to the insulating layer
112 is higher than that of the coloring layer 114. Therefore,
when there is a region where the insulating layer 116 and the
insulating layer 112 are in contact with each other, separa-
tion of the coloring layer 114 can be suppressed even in the
case where the adhesion between the coloring layer 114 and
the insulating layer 112 is not sufficient.

[0090] The insulating layer 112 is preferably formed with
an inorganic insulating material. The insulating layer 116 is
preferably formed with an organic insulating material. When
the insulating layer 112 is formed with an inorganic insu-
lating material, the insulating layer 112 can have favorable
characteristics of the interface with the semiconductor layer
108. When the insulating layer 116 is formed with an organic
insulating material, the pixel electrode layer 118 formed
over the insulating layer 116 can have high flatness.
[0091] The color purity of the coloring layer 114 can be
adjusted with the openings 136 provided in the coloring
layer 114. For example, the color purity of the coloring layer
114 can be adjusted by adjusting the shape of the openings
136 or the area of the openings 136.

[0092] With such a structure in which the coloring layer
114 has the openings 136, a novel display device capable of
adjusting color purity can be provided. It addition, a novel
display device with improved adhesion of the coloring layer
114 used as a color filter can be provided.

[0093] The insulating layer 112 is provided with the
opening 138. The pixel electrode layer 118 is connected to
the conductive layer 110¢_1 serving as a drain electrode
layer of the transistor 150, through the openings 134 and
138.

[0094] The conductive layer 1105_3 has a function of a
reflective electrode layer. Therefore, a highly reflective
conductive layer is preferably used. For example, the highly
reflective conductive layer is formed to have a single-layer
structure or a stacked-layer structure including any of metals
such as aluminum, silver, palladium, and copper or an alloy
containing any of these metals as its main component. It is
particularly preferable to use a material including aluminum
for the conductive layer 1105_3 in terms of cost, process-
ability, and the like. As the conductive layer 110c_1, it is
preferable to use a highly oxidation-resistant conductive
layer. When a highly oxidation-resistant conductive layer is
used as the conductive layer 110c_1, its contact resistance
with the pixel electrode layer 118 can be decreased. This can
increase reflectance and decrease contact resistance with the
pixel electrode layer.

[0095] In other words, in the display device illustrated in
FIG. 3A, the highly reflective conductive layer is used in the
reflective region, and the highly oxidation-resistant conduc-
tive layer is used in a region for contact with the pixel
electrode layer; thus, the display device is a novel display
device which is capable of excellent reflective display and in
which contact failures between a transistor and a pixel
electrode layer are reduced.

[0096] Note that the transmissive region 401 may be
provided as illustrated in FIG. 16B.

[0097] In the display device in FIG. 3A, the liquid crystal
layer 166 is provided between the first substrate 102 and the
second substrate 162 which faces the first substrate 102.
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[0098] The conductive layer 164 is formed under the
second substrate 162. The pixel electrode layer 118, the
liquid crystal layer 166, and the conductive layer 164 form
a liquid crystal element 170. By application of voltage
between the pixel electrode layer 118 and the conductive
layer 164, the alignment state in the liquid crystal layer 166
can be controlled. In FIG. 3A, the pixel electrode layer 118
and the conductive layer 164 are in contact with the liquid
crystal layer 166; however, one embodiment of the present
invention is not limited to this structure. For example,
alignment films may be formed in a region where the pixel
electrode layer 118 is in contact with the liquid crystal layer
166 and a region where the conductive layer 164 is in
contact with the liquid crystal layer 166.

[0099] In the display device in FIG. 3A, the conductive
layer 1105_3 serving as a reflective electrode layer, the
coloring layer 114, and the pixel electrode layer 118 can be
formed over the first substrate 102; thus, as compared with
the case where the coloring layer is formed on the second
substrate 162 side, high alignment accuracy can be achieved.
With this structure, even a liquid crystal display device with
high resolution (e.g., 300 ppi or more) can be a reflective
liquid crystal display device capable of color display.
[0100] Note that the transistor 150 may be provided with
a gate electrode over a channel or under the channel, or may
be provided with gate electrodes over and under the channel.
FIG. 17 A illustrates an example including a conductive layer
1184 which is formed at the same time as the pixel electrode
layer 118. The conductive layer 118a can serves as a gate
electrode of the transistor 150. Note that the conductive
layer 118a may be connected to the conductive layer 104a.
In that case, the same signal or potential is supplied to the
conductive layer 1184 and the conductive layer 104a. Alter-
natively, different signals or potentials may be supplied to
the conductive layer 118a and the conductive layer 104a.
Since the conductive layer 18a is formed at the same time as
the pixel electrode layer 118 through the same film forma-
tion step and the same etching step, an increase in the
number of steps in the process can be prevented. Note that
one embodiment of the present invention is not limited to
this example. For example, a different conductive layer may
be used to form a conductive layer having a function of a
gate electrode of the transistor 150. FIGS. 17B and 18A
illustrate examples of such a case. Conductive layers 199
and 199¢ may contain a material used for the conductive
layer 110¢_1. Alternatively, the conductive layers 199 and
199a may contain a material similar to the above-described
materials that can be used for the conductive layers 104a,
110a_1, 1105_1, and 110c¢_1, and the like.

[0101] Note that as illustrated in FIG. 18B, a conductive
layer 1995 may be provided as a conductive layer which is
formed at the same time as the conductive layer 199«
through the same film formation step and the same etching
step. This conductive layer can serve as a reflective electrode
when formed using a highly reflective material similar to
that used for the conductive layer 1105_3. Alternatively, the
conductive layer can form a capacitor when overlapping
with the conductive layer 1105_2. In that case, the conduc-
tive layer 1995 may be connected to the conductive layer
104b.

[0102] Note that a conductive layer 199¢ may be provided
as a conductive layer which is formed at the same time as the
conductive layer 199q through the same film formation step
and the same etching step. The conductive layer 199¢ may
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be provided in a portion for connection to the pixel electrode
layer 118. FIGS. 19A and 19B illustrate examples of such a
case. In that case, the conductive layer 199a may contain a
material similar to that of the conductive layer 110¢_1. Note
that the conductive layer 199q is not necessarily provided.
FIGS. 20A and 20B illustrate examples of such a case.
[0103] Next, the display device illustrated in FIG. 3B will
be described below.

[0104] The display device in FIG. 3B includes the first
substrate 102; the gate line 104 over the first substrate 102;
the insulating layers 106a and 1065 over the gate line 104;
conductive layers 110a_4 and 1105_4 over the insulating
layer 1065; the insulating layer 112 over the insulating layer
1065 and the conductive layer 1105_4; the coloring layer
114 over the insulating layer 112; coloring layers 114a and
1145 over the coloring layer 114; the insulating layer 116
over the coloring layers 114, 114a, and 1145; the liquid
crystal layer 166 over the insulating layer 116; the conduc-
tive layer 164 over the liquid crystal layer 166; and the
second substrate 162 over the conductive layer 164. Note
that the conductive layers 110a 4 and 1106 4 serve as the
source line 110.

[0105] FIG. 3B is a cross-sectional view of a region where
the gate line 104 and the conductive layers 110a_4 and
1105_4 serving as the source line 110 intersect with each
other.

[0106] When the coloring layers 114a and 11454 are
formed over the coloring layer 114 as illustrated in FIG. 3B,
surface reflection due to the gate line 104 or the conductive
layer 11056_4 can be suppressed. Note that the coloring layer
114a is a coloring layer of an adjacent pixel, here the lower
pixel in FIG. 1. The coloring layer 1145 is a coloring layer
of an adjacent pixel, here the upper pixel in FIG. 1. For
example, the coloring layer 114 may be green (G); the
coloring layer 114a may be blue (B); and the coloring layer
1145 may be red (R).

[0107] With such a structure in which coloring layers are
stacked in a region other than at least a reflective region, i.e.,
a structure in which a coloring layer overlaps with a coloring
layer of an adjacent pixel, part of the coloring layers can
function as a black matrix.

[0108] Note that other components of the display device in
FIG. 1 and FIGS. 3A and 3B are described in detail in
Method for Manufacturing Display Device.

<Method for Manufacturing Display Device>

[0109] A method for manufacturing the display device
illustrated in FIG. 1 and FIGS. 3A and 3B is described below
with reference to FIGS. 4A to 4D, FIGS. 5A to 5D, and
FIGS. 6A to 6C.

[0110] First, the first substrate 102 is prepared. For the first
substrate 102, a glass material such as aluminosilicate glass,
aluminoborosilicate glass, or barium borosilicate glass is
used. In the mass production, for the first substrate 102, a
mother glass with any of the following sizes is preferably
used: the 8th generation (2160 mmx2460 mm), the 9th
generation (2400 mmx2800 mm, or 2450 mmx3050 mm),
the 10th generation (2950 mmx3400 mm), and the like.
High process temperature and a long period of process time
drastically shrink the mother glass. Thus, in the case where
mass production is performed with the use of the mother
glass, the heating temperature in the manufacturing process
is preferably 600° C. or lower, further preferably 450° C. or
lower, still further preferably 350° C. or lower.
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[0111] Then, a conductive layer is formed over the first
substrate 102 and processed into desired shapes, so that the
conductive layers 104a and 1045 are formed (see FIG. 4A).
[0112] For the conductive layers 104a and 1045, a metal
element selected from aluminum, chromium, copper, tanta-
lum, titanium, molybdenum, and tungsten, an alloy contain-
ing any of these metal elements as a component, an alloy
containing these metal elements in combination, or the like
can be used. In addition, the conductive layers 104a and
1045 may have a single-layer structure or a stacked-layer
structure of two or more layers. For example, a two-layer
structure in which a titanium film is stacked over an alumi-
num film, a two-layer structure in which a titanium film is
stacked over a titanium nitride film, a two-layer structure in
which a tungsten film is stacked over a titanium nitride film,
a two-layer structure in which a tungsten film is stacked over
a tantalum nitride film or a tungsten nitride film, a three-
layer structure in which a titanium film, an aluminum film,
and a titanium film are stacked in this order, and the like can
be given. Alternatively, an alloy film or a nitride film in
which aluminum and one or more elements selected from
titanium, tantalum, tungsten, molybdenum, chromium, neo-
dymium, and scandium are contained may be used. The
conductive layers 104a and 1046 can be formed by a
sputtering method, for example.

[0113] Next, the insulating layers 106a and 1065 are
formed over the first substrate 102 and the conductive layers
104a and 1045 (see FIG. 4B).

[0114] The insulating layer 106a is formed to have a
single-layer structure or a stacked-layer structure using, for
example, any of a silicon nitride oxide film, a silicon nitride
film, an aluminum oxide film, and the like with a PE-CVD
apparatus. In the case where the insulating layer 1064 has a
stacked-layer structure, it is preferable that a silicon nitride
film with fewer defects be provided as a first silicon nitride
film, and a silicon nitride film from which hydrogen and
ammonia are less likely to be released be provided over the
first silicon nitride film, as a second silicon nitride film. As
a result, hydrogen and nitrogen contained in the insulating
layer 106a can be prevented from moving or diffusing into
the semiconductor layer 108 formed later.

[0115] The insulating layer 1065 is formed to have a
single-layer structure or a stacked-layer structure using any
of a silicon oxide film, a silicon oxynitride film, and the like
with a PE-CVD apparatus.

[0116] As for the insulating layers 106a and 1065, for
example, a 400-nm-thick silicon nitride film can be formed
as the insulating layer 1064, and then a 50-nm-thick silicon
oxynitride film can be formed as the insulating layer 1065.
The silicon nitride film and the silicon oxynitride film are
preferably formed in succession in a vacuum such that fewer
impurities are mixed into the films. Note that portions of the
insulating layers 106a and 1065 overlapping with the con-
ductive layer 104a serve as the gate insulating layer of the
transistor 150. In addition, portions of the insulating layers
106a and 1065 overlapping with the conductive layer 1045
serve as a dielectric layer of the capacitor 152.

[0117] Note that silicon nitride oxide refers to an insulat-
ing material that contains more nitrogen than oxygen,
whereas silicon oxynitride refers to an insulating material
that contains more oxygen than nitrogen.

[0118] When the gate insulating layer has the above struc-
ture, the following effects can be obtained, for example. The
silicon nitride film has a higher relative permittivity than a
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silicon oxide film and needs a larger thickness for an
equivalent capacitance. Thus, the physical thickness of the
gate insulating layer can be increased. This makes it possible
to reduce a decrease in the withstand voltage of the transistor
150 and furthermore increase the withstand voltage, thereby
preventing electrostatic breakdown of the transistor 150.
[0119] Next, a semiconductor layer is formed over the
insulating layer 1065 and processed into a desired shape, so
that the semiconductor layer 108 is formed. Note that the
semiconductor layer 108 is formed in a position overlapping
with the conductive layer 104a (see FIG. 4C).

[0120] For the semiconductor layer 108, amorphous sili-
con, polycrystalline silicon, single crystal silicon, or the like
can be used, for example. It is particularly preferable to use
an oxide semiconductor for the semiconductor layer 108.
The oxide semiconductor preferably includes an oxide rep-
resented by an In-M-Zn oxide that contains at least indium
(In), zinc (Zn), and M (M represents Al, Ga, Ge, Y, Zr, Sn,
La, Ce, or Hf). Alternatively, both In and Zn are preferably
contained.

[0121] As the oxide semiconductor, for example, any of
the following can be used: indium oxide, tin oxide, zinc
oxide, an In—Zn oxide, a Sn—Zn oxide, an Al—Zn oxide,
a Zn—Mg oxide, a Sn—Mg oxide, an In—Mg oxide, an
In—Ga oxide, an In—Ga—Zn oxide, an In—Al—Zn oxide,
an In—Sn—7Z7n oxide, a Sn—Ga—Zn oxide, an Al—Ga—
Zn oxide, a Sn—Al—Zn oxide, an In—Hf—Z7n oxide, an
In—La—Z7n oxide, an In—Ce—Zn oxide, an In—Pr—Z7n
oxide, an In—Nd—Zn oxide, an In—Sm—Zn oxide, an
In—Fu—Z7n oxide, an In—Gd—Zn oxide, an In—Tb—Z7n
oxide, an In—Dy—Z7n oxide, an In—Ho—7n oxide, an
In—FEr—Zn oxide, an In—Tm—Zn oxide, an In—Yb—Zn
oxide, an In—Lu—Zn oxide, an In—Sn—Ga—Zn oxide, an
In—Hf—Ga—Z7n oxide, an In—Al—Ga—Zn oxide, an
In—Sn—Al—Z7n oxide, an In—Sn—Hf—Zn oxide, or an
In—Hf—Al—Zn oxide.

[0122] Note that, for example, an In—Ga—7n oxide
means an oxide containing In, Ga, and Zn as its main
components and there is no particular limitation on the ratio
of In to Ga and Zn. The In—Ga—Z7n oxide may contain
another metal element in addition to In, Ga, and Zn. In this
embodiment, an oxide semiconductor is used for the semi-
conductor layer 108.

[0123] Next, first heat treatment is preferably performed.
The first heat treatment may be performed at a temperature
higher than or equal to 250° C. and lower than or equal to
650° C., preferably higher than or equal to 300° C. and lower
than or equal to 500° C., in an inert gas atmosphere, an
atmosphere containing an oxidizing gas at 10 ppm or more,
or a reduced pressure state. Alternatively, the first heat
treatment may be performed in such a manner that heat
treatment is performed in an inert gas atmosphere, and then
another heat treatment is performed in an atmosphere con-
taining an oxidizing gas at 10 ppm or more, in order to
compensate for desorbed oxygen. By the first heat treatment,
the crystallinity of the oxide semiconductor that is used for
the semiconductor layer 108 can be improved, and in
addition, impurities such as hydrogen and water can be
removed from the insulating layers 106a and 1065 and the
semiconductor layer 108. The first heat treatment may be
performed before processing into the semiconductor layer
108 having an island shape.

[0124] Next, the opening 132 is formed in a desired region
of the insulating layers 106a and 1065 (see FIG. 4D).
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[0125] Note that the opening 132 is formed so as to reach
the conductive layer 1045. The opening 132 can be formed
by, for example, wet etching, dry etching, or a combination
of wet etching and dry etching.

[0126] Next, a conductive layer 1094, a conductive layer
1095, and a conductive layer 109¢ are formed over the
insulating layer 1065 and the semiconductor layer 108 so as
to cover the opening 132 (see FIG. 5A).

[0127] The conductive layer 109a serves as a barrier
metal. The conductive layer 109a can be formed using any
material that provides excellent contact resistance between
the conductive layer 1094 and the semiconductor layer 108.
For example, the conductive layer 109a is formed to have a
single-layer structure or a stacked-layer structure including
any of metals such as titanium, chromium, nickel, yttrium,
zirconium, molybdenum, tantalum, and tungsten or an alloy
containing any of these metals as its main component.
[0128] The conductive layer 1095, which is to serve as
part of a reflective electrode layer, is preferably formed
using a conductive material with high reflectivity. Further,
the conductive layer 1096 serves as part of the source
electrode layer and part of the drain electrode layer of the
transistor, and therefore is preferably formed using a low-
resistance material. For example, the conductive layer 1096
is formed to have a single-layer structure or a stacked-layer
structure including any of metals such as aluminum, silver,
palladium, and copper or an alloy containing any of these
metals as its main component. It is particularly preferable to
use a material including aluminum for the conductive layer
10954 in terms of cost, processability, and the like.

[0129] The conductive layer 109¢ can be formed using any
material that provides excellent contact resistance between
the conductive layer 109¢ and the pixel electrode layer 118
connected later, and a highly oxidation-resistant conductive
layer can be used. Note that the oxidation resistance of the
highly oxidation-resistant conductive layer is higher than at
least that of a material used for the conductive layer 1095.
For example, the conductive layer 109c¢ is formed to have a
single-layer structure or a stacked-layer structure including
any of metals such as titanium, chromium, nickel, yttrium,
molybdenum, tantalum, and tungsten, an alloy containing
any of these metals as its main component, or a metal nitride
containing any of these materials as its main component. It
is particularly preferable to use a material including titanium
or molybdenum for the conductive layer 109¢, in which case
excellent contact resistance between the conductive layer
109¢ and a material (e.g., indium tin oxide (ITO)) used for
the pixel electrode layer 118 can be provided.

[0130] For example, a titanium film or a titanium nitride
film is used as the conductive layer 109a, an aluminum film
or a silver film is used as the conductive layer 1095, and a
titanium film or a titanium nitride film is used as the
conductive layer 109¢. Alternatively, a molybdenum film or
a molybdenum nitride film is used as the conductive layer
109a, an aluminum film or a silver film is used as the
conductive layer 10956, and a molybdenum film or a molyb-
denum nitride film is used as the conductive layer 109c¢.
[0131] Note that the structures of the conductive layers
109a, 1095, and 109¢ are not limited to the above, and a
two-layer structure without the conductive layer 109a may
be employed. An example of the two-layer structure is a
structure in which an aluminum film is used as the conduc-
tive layer 1095 and a titanium film is used as the conductive
layer 109c.
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[0132] The conductive layers 1094, 1095, and 109¢ can be
formed by a sputtering method, for example.

[0133] Then, the conductive layer 109¢ is processed into
a desired shape, so that the conductive layer 110¢_1 is
formed (see FIG. 5B).

[0134] The conductive layer 110_1 is formed at least in a
region to be in contact with the pixel electrode layer 118
later. A conductive layer different from the conductive layer
110c_1 may be formed in the same step as the conductive
layer 110¢_1. An example of the conductive layer formed in
the same step as the conductive layer 110¢_1 is a conductive
layer formed over a connection portion or an FPC terminal
portion.

[0135] Note that when the conductive layer 110¢_1 is
formed, at least a portion of a surface of the conductive layer
1095 is exposed. A region of the conductive layer 1096
where the surface is exposed serves as a reflective electrode
layer later. Examples of a method for forming the conductive
layer 110¢_1 include a dry etching method, a wet etching
method, and plasma treatment. When the conductive layer
110c¢_1 is formed, the surface of the conductive layer 1095
may become uneven. The uneven surface can diffusely
reflect incident light. This is preferable when the conductive
layer 1095 is used as the reflective electrode layer because
the reflective electrode layer can have improved reflection
efficiency.

[0136] Then, the conductive layers 1094 and 1095 are
processed into desired shapes, so that the conductive layers
110a_1, 1105_1, 110a_2, and 1105_2, which serve as the
source electrode layer and the drain electrode layer of the
transistor 150, and the conductive layers 110a_3 and 1105_
3, which serve as the reflective electrode layer and one
electrode of the capacitor 152, are formed. At this stage, the
transistor 150 and the capacitor 152 are formed (see FIG.
50).

[0137] The conductive layers 110a_1, 1105_1, 110a_2,
1105_2, 110a_3, and 1105_3 are formed in such a manner
that a mask is formed over the conductive layers 1094 and
1095 and regions not covered with the mask are etched. As
an etching method for forming the conductive layers 110a_
1, 1105_1, 110a_2, 1105_2, 110a¢_3, and 1105_3, a dry
etching method or a wet etching method can be used.
[0138] When the conductive layers 110a_1, 1105_1,
110a_2, 1105_2, 110a_3, and 11056_3 are formed, the semi-
conductor layer 108 may be partly etched to have a
depressed portion.

[0139] Note that the cross-sectional structure illustrated in
FIG. 5C may be formed using a half-tone mask (or a
gray-tone mask, a phase-shift mask, or the like). In that case,
after the step in FIG. 5A, a cross-sectional structure illus-
trated in FIG. 15 is obtained by etching of the conductive
layers 109a, 1095 and 109¢. After that, the resist is made
slightly smaller by ashing or the like, and then, only part of
the conductive layers is etched. As a result, such a cross-
sectional structure as illustrated in FIG. 5C is obtained. With
the use of a half-tone mask (or a gray-tone mask, a phase-
shift mask, or the like), the number of steps in the process
can be reduced. In that case, the conductive layer 1105_2 or
the like is necessarily provided under the conductive layer
110c¢_1. Note that one embodiment of the present invention
is not limited to this example. For example, it is possible that
the conductive layer 1105_2 or the like is not provided under
the conductive layer 110¢_1 and an insulating film is pro-
vided under the conductive layer 110¢_1. Alternatively, for
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example, after the cross-sectional structure illustrated in
FIG. 15 is obtained, the insulating layer 112 may be formed
thereover without etching of the conductive layers.

[0140] Next, the insulating layer 112 is formed over the
semiconductor layer 108, the conductive layers 1105_1,
1105_2, 1105_3, and 110¢_1, and the insulating layer 1065
(see FIG. 5D).

[0141] For the insulating layer 112, an inorganic insulating
material containing oxygen can be used in order to improve
the characteristics of the interface with the oxide semicon-
ductor used for the semiconductor layer 108. The insulating
layer 112 can be formed by a PE-CVD method, for example.
[0142] As an example of the insulating layer 112, a silicon
oxide film, a silicon oxynitride film, an aluminum oxide
film, or the like having a thickness of greater than or equal
to 50 nm and less than or equal to 500 nm can be used. In
this embodiment, a 450-nm-thick silicon oxynitride film is
used as the insulating layer 112.

[0143] Another insulating layer may be formed over the
insulating layer 112. The insulating layer is formed using a
material that can prevent an external impurity such as water,
an alkali metal, or an alkaline earth metal from diffusing into
the oxide semiconductor used for the semiconductor layer
108. For example, a silicon nitride film a silicon nitride
oxide film, or the like having a thickness of greater than or
equal to 50 nm and less than or equal to 500 nm can be used
as the insulating layer.

[0144] The insulating layer 112 over the conductive layer
1105_3 serving as a reflective electrode layer is preferably
thin. For example, the thickness of the insulating layer 112
over the conductive layer 1105_3 is preferably greater than
or equal to 1 nm and less than or equal to 100 nm, further
preferably greater than or equal to 5 nm and less than or
equal to 50 nm. Forming the insulating layer 112 thin over
the conductive layer 1106_3 can shorten the optical path
length between the conductive layer 1105_3 and the coloring
layer 114. For example, the insulating layer 112 over the
conductive layer 1105_3 serving as a reflective electrode
layer is thinned in such a manner that, after the formation of
the insulating layer 112, a mask is formed in a region other
than the conductive layer 1105_3 and the insulating layer
112 over the conductive layer 1105_3 is etched.

[0145] Next, the coloring layer 114 having a desired shape
is formed over the insulating layer 112. Then, the insulating
layer 116 is formed so as to cover the coloring layer 114 (see
FIG. 6A).

[0146] The coloring layer 114 is a coloring layer having a
function of transmitting light in a particular wavelength
region. For example, a red (R) color filter for transmitting
light in a red wavelength range, a green (G) color filter for
transmitting light in a green wavelength range, a blue (B)
color filter for transmitting light in a blue wavelength range,
or the like can be used. Each color filter is formed in a
desired position with any of various materials by a printing
method, an inkjet method, an etching method using a
photolithography technique, or the like.

[0147] Note that the coloring layer 114 has the opening
134 serving as a first opening and the opening 136 serving
as a second opening.

[0148] For the insulating layer 116, an organic insulating
material such as an acrylic resin can be used. With the
insulating layer 116, an impurity or the like contained in the
coloring layer 114 can be prevented from diffusing to the
liquid crystal layer 166 side, for example. Moreover, the
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insulating layer 116 can planarize unevenness and the like
due to the transistor 150 or the coloring layer 114.

[0149] Note that the insulating layer 116 preferably has an
opening in substantially the same position as the opening
134 in the coloring layer 114. The opening is formed so as
to expose a portion of a surface of the insulating layer 112.
[0150] Next, the opening 138 is formed (see FIG. 6B).
[0151] The opening 138 is formed in a desired region so
as to expose the conductive layer 110c_1. An example of a
formation method of the opening 138 is, but is not limited
to, a dry etching method. Alternatively, a wet etching
method or a combination of dry etching and wet etching can
be employed for formation of the opening 138.

[0152] Then, the pixel electrode layer 118 is formed in a
desired region over the insulating layer 116 so as to cover the
openings 134 and 138 (see FIG. 6C).

[0153] A material having the property of transmitting
visible light may be used for the pixel electrode layer 118.
For example, a material including one of indium (In), zinc
(Zn), and tin (Sn) is preferably used for the pixel electrode
layer 118. The pixel electrode layer 118 can be formed using
a light-transmitting conductive material such as indium
oxide containing tungsten oxide, indium zinc oxide contain-
ing tungsten oxide, indium oxide containing titanium oxide,
indium tin oxide containing titanium oxide, indium tin oxide
(ITO), indium zinc oxide, or indium tin oxide to which
silicon oxide is added. The pixel electrode layer 118 can be
formed by a sputtering method, for example.

[0154] Note that the pixel electrode layer 118 is connected
to the conductive layer 110c¢_1 through the openings 134 and
138. In other words, the pixel electrode layer 118 is elec-
trically connected to the conductive layers 110a_2 and
1105_2 serving as a drain electrode layer of the transistor
150.

[0155] Through the above process, the structure over the
first substrate 102 can be formed.

[0156] Next, the first substrate 102 and the second sub-
strate 162 are attached to each other and the liquid crystal
layer 166 is formed.

[0157] Note that the second substrate 162 has the conduc-
tive layer 164. The conductive layer 164, which serves as the
other electrode of the liquid crystal element 170, is prefer-
ably formed using a light-transmitting material. For the
conductive layer 164, a material that can be used for the
pixel electrode layer 118 can be used.

[0158] The liquid crystal layer 166 can be formed by a
dispenser method (a dropping method), or an injecting
method by which a liquid crystal is injected using a capillary
phenomenon after the first substrate 102 and the second
substrate 162 are attached to each other.

[0159] There is no particular limitation on materials that
can be used for the liquid crystal layer 166, and a nematic
liquid crystal material, a cholesteric liquid crystal material,
or the like may be used, for example. For the liquid crystal
layer 166, a polymer dispersed liquid crystal, a high molecu-
lar compound dispersed liquid crystal, a polymer network
liquid crystal, or the like may be used.

[0160] Through the above process, the display device
illustrated in FIG. 1 and FIGS. 3A and 3B can be manufac-
tured.

[0161] Although not illustrated, in this embodiment, an
alignment film or an optical film such as a polarizing plate,
a circularly polarizing plate (including an elliptically polar-
izing plate), or a retardation plate (a quarter-wave plate or a
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half-wave plate) may be provided as appropriate if neces-
sary. Furthermore, the polarizing plate or the circularly
polarizing plate may be provided with an anti-reflection
film. For example, anti-glare treatment by which reflected
light can be diffused by projections and depressions on the
surface so as to reduce the glare can be performed.

[0162] Although the case of a reflective display device is
described in this embodiment, one embodiment of the pres-
ent invention is not limited to this example. For example, in
an aperture portion of a pixel, a transmissive region may be
provided. For example, in one part of an aperture portion of
a pixel, a reflective region may be provided, and in another
part thereof, a transmissive region may be provided. There-
fore, one embodiment of the present invention can also be
applied to a semi-transmissive display device.

[0163] Although the example in which the coloring layer
114 is provided with the openings 136 is described in this
embodiment, one embodiment of the present invention is not
limited to this example. Depending on circumstances or
conditions, the coloring layer 114 is not necessarily provided
with the openings 136. For example, it is possible that the
opening 136 is not provided in at least one of R, G, and B
pixels. Alternatively, in the case where a transmissive region
and a reflective region are provided in an aperture portion of
a pixel, it is possible that the coloring layer 114 is provided
with the opening 136 in the reflective region and the coloring
layer 114 is not provided with the opening 136 in the
transmissive region.

[0164] Although the example in which the coloring layer
114 is provided over the first substrate 102 is described in
this embodiment, one embodiment of the present invention
is not limited to this example. Depending on circumstances
or conditions, the coloring layer 114 is not necessarily
provided over the first substrate 102. For example, in the
case where a W (white) pixel is used in addition to the R, G,
and B pixels, it is possible that the coloring layer 114 is not
provided over the first substrate 102.

[0165] This embodiment can be combined with any of the
other embodiments in this specification as appropriate.

Embodiment 2

[0166] In this embodiment, a modification example of the
display device described in Embodiment 1 is described with
reference to FIGS. 7A and 7B. Note that portions having
functions similar to those in Embodiment 1 are given the
same reference numerals and detailed description thereof is
omitted.

[0167] FIG. 7A is a cross-sectional view corresponding to
a cross section taken along dashed-dotted line X1-Y1 in
FIG. 1. FIG. 7B is a cross-sectional view illustrating an
example of a method for manufacturing the display device
illustrated in FIG. 7A.

[0168] The display device in FIG. 7A includes a first
substrate 202; an adhesive layer 203 over the first substrate
202; an insulating layer 205 over the adhesive layer 203; the
conductive layer 104a serving as a gate electrode layer over
the insulating layer 205; the conductive layer 1045 formed
in the same step as the conductive layer 104aq; the insulating
layers 106a and 1065 over the insulating layer 205 and the
conductive layers 104a and 1045; the semiconductor layer
108 which is over the insulating layer 1065 and overlaps
with the conductive layer 104q; the conductive layer 110a_1
serving as a source electrode layer over the semiconductor
layer 108 and the insulating layer 1065; the conductive layer
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110a_2 serving as a drain electrode layer over the semicon-
ductor layer 108 and the insulating layer 1065; the conduc-
tive layer 110a_3 formed in the same step as the conductive
layers 110a_1 and 110a_2; the conductive layers 1105_1,
1105_2, and 1105_3 over the conductive layers 110a_1,
110a_2, and 110a_3; the conductive layer 110¢_1 over the
conductive layer 1105_2; the insulating layer 112 serving as
a protective insulating film over the insulating layer 1065,
the semiconductor layer 108, and the conductive layers
1105_1,1105_2, 1105_3, and 110¢_1; the coloring layer 114
having a function of a color filter over the insulating layer
112; the insulating layer 116 having a function of an over-
coat layer over the coloring layer 114; the pixel electrode
layer 118 over the insulating layer 116; the liquid crystal
layer 166 over the pixel electrode layer 118; the conductive
layer 164 having a function of a counter electrode over the
liquid crystal layer 166; an insulating layer 209 over the
conductive layer 164; an adhesive layer 207 over the insu-
lating layer 209; and a second substrate 262 over the
adhesive layer 207.

[0169] Note that the conductive layer 104a, the insulating
layers 1064 and 1065, the semiconductor layer 108, and the
conductive layers 110a_1, 110a_2, 1105_1, and 1105_2
form the transistor 150. The conductive layer 1045, the
insulating layers 106a and 1065, and the conductive layers
1104_3 and 1105_3 form the capacitor 152.

[0170] Note that portions of the insulating layers 106a and
1064 overlapping with the conductive layer 1044 serving as
a gate electrode layer have a function of the gate insulating
layer of the transistor 150. In addition, portions of the
insulating layers 106a and 1065 overlapping with the con-
ductive layer 1045 have a function of a dielectric layer of the
capacitor 152.

[0171] The insulating layers 106a and 1065 are provided
with the opening 132 which reaches the conductive layer
10454, and the conductive layers 110a_2 and 1105_2 having
a function of a drain electrode layer of the transistor 150 are
connected to the conductive layer 1045 through the opening
132.

[0172] The coloring layer 114 is provided with the open-
ing 134 and the openings 136. In other words, the insulating
layer 116 over the coloring layer 114 is in contact with the
insulating layer 112 in the opening 134. Note that the
adhesion of the insulating layer 116 to the insulating layer
112 is higher than that of the coloring layer 114. Therefore,
when there is a region where the insulating layer 116 and the
insulating layer 112 are in contact with each other, separa-
tion of the coloring layer 114 can be suppressed even in the
case where the adhesion between the coloring layer 114 and
the insulating layer 112 is not sufficient.

[0173] The color purity of the coloring layer 114 can be
adjusted with the openings 136 provided in the coloring
layer 114. For example, the color purity of the coloring layer
114 can be adjusted by adjusting the shape of the openings
136 or the area of the openings 136.

[0174] With such a structure in which the coloring layer
114 has the openings 136, a novel display device capable of
adjusting color purity can be provided. It addition, a novel
display device with improved adhesion of the coloring layer
114 used as a color filter can be provided.

[0175] Note that the display device in FIG. 7A differs from
the display device in FIG. 3A in the following points. In the
display device in FIG. 7A, the first substrate 202 is provided
instead of the first substrate 102, and the second substrate
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262 is provided instead of the second substrate 162. In
addition, in the display device in FIG. 7A, the adhesive layer
203 and the insulating layer 205 are provided between the
first substrate 202 and the conductive layers 104a and 1045.
Furthermore, in the display device in FIG. 7A, the adhesive
layer 207 and the insulating layer 209 are provided between
the second substrate 262 and the conductive layer 164.
[0176] For the first substrate 202 and the second substrate
262, a material having flexibility can be used. It is preferable
to use a material having flexibility and toughness for the first
substrate 202 and the second substrate 262. Examples of the
material having flexibility include an organic resin and glass
thin enough to have flexibility.

[0177] An organic resin, which has a specific gravity
smaller than that of glass, is preferably used for the first
substrate 202 and the second substrate 262, in which case the
display device can be more lightweight as compared with
the case where glass is used.

[0178] Examples of the material having flexibility include
glass thin enough to have flexibility, polyester resins such as
polyethylene terephthalate (PET) and polyethylene naphtha-
late (PEN), a polyacrylonitrile resin, a polyimide resin, a
polymethyl methacrylate resin, a polycarbonate (PC) resin,
a polyethersulfone (PES) resin, a polyamide resin, a
cycloolefin resin, a polystyrene resin, a polyamide imide
resin, a polyvinyl chloride resin, and a polyether ether
ketone (PEEK) resin. In particular, a material whose coef-
ficient of thermal expansion is low is preferable, and for
example, a polyamide imide resin, a polyimide resin, or PET
can be suitably used. A substrate in which a glass fiber is
impregnated with an organic resin or a substrate whose
coeflicient of thermal expansion is reduced by mixing an
organic resin with an inorganic filler can also be used.
[0179] In the case where a fibrous body is contained in the
material having flexibility, a high-strength fiber of an
organic compound or an inorganic compound is used as the
fibrous body. A high-strength fiber is specifically a fiber with
a high tensile modulus of elasticity or a fiber with a high
Young’s modulus. Typical examples of a high-strength fiber
include a polyvinyl alcohol based fiber, a polyester based
fiber, a polyamide based fiber, a polyethylene based fiber, an
aramid based fiber, a polyparaphenylene benzobisoxazole
fiber, a glass fiber, and a carbon fiber. As the glass fiber, glass
fiber using E glass, S glass, D glass, Q glass, or the like can
be used. These fibers may be used in a state of a woven
fabric or a nonwoven fabric, and a structure in which this
fibrous body is impregnated with a resin and the resin is
cured may be used. The structure including the fibrous body
and the resin is preferably used, in which case the reliability
against bending or breaking due to local pressure can be
increased.

[0180] To improve the light extraction efficiency, the
refractive index of the material having flexibility is prefer-
ably high. For example, a substrate obtained by dispersing
an inorganic filler having a high refractive index into an
organic resin can have a higher refractive index than the
substrate formed of only the organic resin. In particular, an
inorganic filler having a particle diameter as small as 40 nm
or less is preferable, in which case such a filler can maintain
optical transparency.

[0181] The first substrate 202 and the second substrate 262
may have a stacked-layer structure in which a hard coat layer
(such as a silicon nitride layer) by which a surface of a
display device is protected from damage, a layer (such as an
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aramid resin layer) which can disperse pressure, or the like
is stacked over a surface of any of the above-mentioned
materials having flexibility.

[0182] As the adhesive layers 203 and 207, various cur-
able adhesives such as a reactive curable adhesive, a ther-
mosetting adhesive, an anaerobic adhesive, and a photo-
curable adhesive such as an ultraviolet curable adhesive can
be used. Examples of such adhesives include an epoxy resin,
an acrylic resin, a silicone resin, a phenol resin, a polyimide
resin, an imide resin, a polyvinyl chloride (PVC) resin, a
polyvinyl butyral (PVB) resin, and an ethylene vinyl acetate
(EVA) resin. In particular, a material with low moisture
permeability, such as an epoxy resin, is preferred. Alterna-
tively, a two-component-mixture-type resin may be used.
Further alternatively, an adhesive sheet or the like may be
used.

[0183] The adhesive layers 203 and 207 may include a
drying agent in a resin material. As the drying agent, for
example, a substance which adsorbs moisture by chemical
adsorption, such as an oxide of an alkaline earth metal (e.g.,
calcium oxide or barium oxide), can be used. Alternatively,
a substance that adsorbs moisture by physical adsorption,
such as zeolite or silica gel, may be used. The drying agent
is preferably included, in which case it can suppress entry of
impurities such as moisture into the display device.

[0184] For the insulating layers 205 and 209, an inorganic
insulating material can be used, for example. The inorganic
insulating material may have a single-layer structure or a
multilayer structure of silicon nitride, silicon oxynitride,
silicon nitride oxide, aluminum oxide, or the like. The
insulating layers 205 and 209 have a function of buffer
layers.

[0185] There is no particular limitation on the method for
forming the insulating layers 205 and 209; a sputtering
method, an evaporation method, a droplet discharging
method (e.g., an ink-jet method), a printing method (e.g., a
screen printing method or an off-set printing method), or the
like may be used.

[0186] Here, an example of a method for manufacturing
the display device illustrated in FIG. 7A is described with
reference to FIG. 7B.

[0187] As illustrated in FIG. 7B, a separation layer 211 is
formed over the first substrate 102. Next, the insulating layer
205 is formed over the separation layer 211.

[0188] For the first substrate 102, any of the materials
described in Embodiment 1 can be used.

[0189] The separation layer 211 can be formed to have a
single-layer structure or a stacked-layer structure using an
element selected from tungsten, molybdenum, titanium,
tantalum, niobium, nickel, cobalt, zirconium, zinc, ruthe-
nium, thodium, palladium, osmium, iridium, and silicon; an
alloy material containing any of the elements; a compound
material containing any of the elements; or the like, for
example. In the case of a layer containing silicon, a crystal
structure of the layer containing silicon may be amorphous,
microcrystal, polycrystal, or single crystal.

[0190] Note that between the first substrate 102 and the
separation layer 211, an insulating film such as a silicon
oxide film, a silicon oxynitride film, a silicon nitride film, or
a silicon nitride oxide film may be formed. The insulating
film is preferably formed because it can suppress entry of
impurities which can be contained in the first substrate 102
to the separation layer 211 side.
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[0191] The separation layer 211 can be formed by a
sputtering method, a plasma CVD method, a coating
method, a printing method, or the like. Note that a coating
method includes a spin coating method, a droplet discharge
method, and a dispensing method.

[0192] In the case where the separation layer 211 has a
single-layer structure, a layer containing tungsten, molyb-
denum, or a mixture of tungsten and molybdenum is pref-
erably formed. Alternatively, a layer containing an oxide or
an oxynitride of tungsten, a layer containing an oxide or an
oxynitride of molybdenum, or a layer containing an oxide or
an oxynitride of a mixture of tungsten and molybdenum may
be formed. Note that the mixture of tungsten and molybde-
num corresponds to an alloy of tungsten and molybdenum,
for example.

[0193] In the case where the separation layer 211 is
formed to have a stacked-layer structure including a layer
containing tungsten and a layer containing an oxide of
tungsten, the layer containing an oxide of tungsten may be
formed as follows: the layer containing tungsten is formed
first and an insulating layer formed of an oxide is formed
thereover, so that the layer containing an oxide of tungsten
is formed at the interface between the tungsten layer and the
insulating layer. Alternatively, the layer containing an oxide
of tungsten may be formed by performing thermal oxidation
treatment, oxygen plasma treatment, nitrous oxide (N,O)
plasma treatment, treatment with a highly oxidizing solution
such as ozone water, or the like on the surface of the layer
containing tungsten. Plasma treatment or heat treatment may
be performed in an atmosphere of oxygen, nitrogen, or
nitrous oxide alone, or a mixed gas of any of these gasses
and another gas. Surface condition of the separation layer
211 is changed by the plasma treatment or heat treatment,
whereby adhesion between the separation layer 211 and the
insulating layer 205 formed later can be controlled.

[0194] In this embodiment, a 30-nm-thick tungsten film is
formed as the separation layer 211 by a sputtering method.

[0195] The insulating layer 205 can be formed using any
of the above-listed materials. For example, in this embodi-
ment, the insulating layer 205 is formed at a temperature of
higher than or equal to 250° C. and lower than or equal to
400° C. by a plasma CVD method, whereby the insulating
layer 205 can be a dense film with low water permeability.
Note that the thickness of the insulating layer 205 is pref-
erably greater than or equal to 10 nm and less than or equal
to 3000 nm, further preferably greater than or equal to 200
nm and less than or equal to 1500 nm. In this embodiment,
a 600-nm-thick silicon oxynitride film is formed by a plasma
CVD method and then a 200-nm-thick silicon nitride film is
formed over the silicon oxynitride by a plasma CVD
method.

[0196] Next, the conductive layers 104a and 1046 are
formed over the insulating layer 205. Subsequent steps are
similar to those for components in Embodiment 1; thus,
components can be formed with reference to the description
in Embodiment 1.

[0197] Next, a material to be an adhesive layer is applied
to an element substrate where the transistor 150, the capaci-
tor 152, and the like are formed (in FIG. 7B, to the insulating
layer 116 and the pixel electrode layer 118), and the element
substrate is attached to a support substrate with the adhesive
layer. Then, separation is caused between the separation
layer 211 and the insulating layer 205 over the first substrate
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102, and the insulating layer 205 in an exposed state and the
first substrate 202 are attached to each other with the
adhesive layer 203.

[0198] Note that any of a variety of methods can be used
as appropriate in the step of causing separation between the
separation layer 211 and the insulating layer 205. For
example, when a layer including a metal oxide film is
formed as the separation layer 211 on the side in contact with
a layer to be separated (in FIG. 7B, the insulating layer 205,
which may also be referred to as a layer to be separated
below), the metal oxide film is embrittled by crystallization,
whereby the layer to be separated can be separated from the
first substrate 102.

[0199] Alternatively, when a substrate having high heat
resistance is used as the first substrate 102 and when an
amorphous silicon film containing hydrogen is formed as the
separation layer 211 between the substrate having high heat
resistance and the layer to be separated, the amorphous
silicon film is removed by laser light irradiation or etching,
whereby the layer to be separated can be separated from the
first substrate 102.

[0200] Alternatively, after a layer including a metal oxide
film is formed as the separation layer 211 on the side in
contact with the layer to be separated, the metal oxide film
is embrittled by crystallization, and part of the separation
layer is removed by etching using a solution or a fluoride gas
such as NF;. BrF;, or CIF;, whereby the separation can be
performed at the embrittled metal oxide film.

[0201] A method may be used in which a film containing
nitrogen, oxygen, hydrogen, or the like (for example, an
amorphous silicon film containing hydrogen, an alloy film
containing hydrogen, an alloy film containing oxygen, or the
like) is used as the separation layer 211, and the separation
layer 211 is irradiated with laser light to release nitrogen,
oxygen, or hydrogen contained in the separation layer 211 as
a gas, thereby promoting separation between the layer to be
separated and the substrate.

[0202] Further, the separation process can be conducted
easily by combination of the above-described separation
steps. For example, separation can be performed with physi-
cal force (by a machine or the like) after performing laser
light irradiation, etching on the separation layer with a gas,
a solution, or the like, or mechanical removal with a sharp
knife, a scalpel, or the like so that the separation layer and
the layer to be separated can be easily separated from each
other.

[0203] Separation of the layer to be separated from the
first substrate 102 may be carried out by filling the interface
between the separation layer 211 and the layer to be sepa-
rated with a liquid. Further, the separation may be conducted
while pouring a liquid such as water. In the case where the
separation layer 211 is formed using a tungsten film, it is
preferable that the separation be performed while etching the
tungsten film using a mixed solution of ammonia water and
a hydrogen peroxide solution.

[0204] Note that the separation layer 211 is not necessary
in the case where separation at the interface between the first
substrate 102 and the layer to be separated is possible. For
example, glass is used as the first substrate 102, an organic
resin such as polyimide is formed in contact with the glass,
and an insulating film, a transistor, and the like are formed
over the organic resin. In this case, heating the organic resin
enables the separation at the interface between the first
substrate 102 and the organic resin. Alternatively, separation
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at the interface between a metal layer and the organic resin
may be performed in the following manner: the metal layer
is provided between the first substrate 102 and the organic
resin and current is made to flow in the metal layer so that
the metal layer is heated.

[0205] Through the above steps, the transistor 150, the
capacitor 152, and the like formed over the first substrate
102 can be transferred to the first substrate 202 having
flexibility.

[0206] Note that transfer from the second substrate 162 to
the second substrate 262 can be performed by a similar
method. Note that the second substrate 262 is not provided
with elements such as the transistor 150 and the capacitor
152, therefore, the conductive layer 164 may be formed
directly over the second substrate 262. In that case, the
adhesive layer 207 and the insulating layer 209 are not
provided.

[0207] Next, the first substrate 202 and the second sub-
strate 262 are attached and the liquid crystal layer 166 is
injected between the first substrate 202 and the second
substrate 262. Thus, the display device in FIG. 7A can be
formed.

[0208] Since the first substrate 202 and the second sub-
strate 262 of the material having flexibility are used in the
display device described in this embodiment, the display
device can be flexible. In the case where the material having
flexibility and toughness is used for each of the first and
second substrates 202 and 262, a display device with high
impact resistance that is less likely to be broken can be
obtained.

[0209] In the display device in FIG. 7A, the insulating
layer 116 and the insulating layer 112 are in contact with
each other in the opening 134 and the opening 136. Accord-
ingly, the adhesion of the coloring layer 114 is increased, and
separation of the coloring layer 114 can be suppressed even
in a flexible structure. This is an advantageous effect
obtained in one embodiment of the present invention. As
described above, the display device of one embodiment of
the present invention, in which the adhesion of the coloring
layer 114 is increased, is particularly effective in a flexible
structure.

[0210] Note that a substrate formed using the material
having flexibility may be similarly used in other drawings
such as FIGS. 16A and 16B, FIGS. 17A and 17B, FIGS. 18A
and 18B, FIGS. 19A and 19B, and FIGS. 20A and 20B.

[0211] This embodiment can be combined with any of the
other embodiments as appropriate.

Embodiment 3

[0212] In this embodiment, a display device of one
embodiment of the present invention will be described with
reference to FIGS. 8A and 8B. Note that portions having
functions similar to those in Embodiments 1 and 2 are given
the same reference numerals and detailed description thereof
is omitted.

[0213] The display device illustrated in FIG. 8A includes
a pixel portion including pixel regions with display elements
(hereinafter, the portion is referred to as a pixel portion 302),
a circuit portion being provided outside the pixel portion 302
and including a circuit for driving the pixel portion 302
(hereinafter, the portion is referred to as a driver circuit
portion 304), circuits each having a function of protecting an
element (hereinafter, the circuits are referred to as protection
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circuit portions 306), and a terminal portion 307. Note that
the protection circuit portions 306 are not necessarily pro-
vided.

[0214] A part or the whole of the driver circuit portion 304
is preferably formed over a substrate over which the pixel
portion 302 is formed, in which case the number of com-
ponents and the number of terminals can be reduced. When
a part or the whole of the driver circuit portion 304 is not
formed over the substrate over which the pixel portion 302
is formed, the part or the whole of the driver circuit portion
304 can be mounted by chip-on-glass (COG) or tape auto-
mated bonding (TAB).

[0215] The pixel portion 302 includes a plurality of cir-
cuits for driving display elements arranged in X rows (X is
a natural number of 2 or more) and Y columns (Y is a natural
number of 2 or more) (hereinafter, such circuits are referred
to as pixel circuits 308). The driver circuit portion 304
includes driver circuits such as a circuit for supplying a
signal (scan signal) to select a pixel (hereinafter, the circuit
is referred to as a gate driver 304a) and a circuit for
supplying a signal (data signal) to drive a display element in
a pixel (hereinafter, the circuit is referred to as a source
driver 3045).

[0216] The gate driver 304a includes a shift register or the
like. The gate driver 304a receives a signal for driving the
shift register through the terminal portion 307 and outputs a
signal. For example, the gate driver 304a receives a start
pulse signal, a clock signal, or the like and outputs a pulse
signal. The gate driver 3044 has a function of controlling the
potentials of wirings supplied with scan signals (hereinafter,
such wirings are referred to as gate lines GL._1 to GL_X, and
the gate lines may also be referred to as scan lines). Note that
a plurality of gate drivers 304a may be provided to control
the gate lines GL_1 to GL_X separately. Alternatively, the
gate driver 3044 has a function of supplying an initialization
signal. Without being limited thereto, the gate driver 304a
can supply another signal.

[0217] The source driver 3045 includes a shift register or
the like. The source driver 3045 receives a signal (video
signal) from which a data signal is derived, as well as a
signal for driving the shift register, through the terminal
portion 307. The source driver 3045 has a function of
generating a data signal to be written to the pixel circuit 308
which is based on the video signal. In addition, the source
driver 3045 has a function of controlling output of a data
signal in response to a pulse signal produced by input of a
start pulse signal, a clock signal, or the like. Further, the
source driver 3045 has a function of controlling the poten-
tials of wirings supplied with data signals (hereinafter, such
wirings are referred to as source lines DI._1 to DL_Y, and
the source lines may also be referred to as data lines).
Alternatively, the source driver 3045 has a function of
supplying an initialization signal. Without being limited
thereto, the source driver 3045 can supply another signal.
[0218] The source driver 3044 includes a plurality of
analog switches or the like, for example. The source driver
3045 can output, as the data signals, signals obtained by
time-dividing the video signal by sequentially turning on the
plurality of analog switches. The source driver 3046 may
include a shift register or the like.

[0219] A pulse signal and a data signal are input to each of
the plurality of pixel circuits 308 through one of the plurality
of gate lines GL supplied with scan signals and one of the
plurality of source lines DL supplied with data signals,
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respectively. Writing and holding of the data signal to and in
each of the plurality of pixel circuits 308 are controlled by
the gate driver 304qa. For example, to the pixel circuit 308 in
the m-th row and the n-th column (m is a natural number of
less than or equal to X, and n is a natural number of less than
or equal to Y), a pulse signal is input from the gate driver
304aq through the gate line GL._m, and a data signal is input
from the source driver 3045 through the source line DI._n in
accordance with the potential of the gate line GI._m.
[0220] The protection circuit portion 306 shown in FIG.
8A is connected to, for example, the gate line GL between
the gate driver 3044 and the pixel circuit 308. Alternatively,
the protection circuit portion 306 is connected to the source
line DL between the source driver 3045 and the pixel circuit
308. Alternatively, the protection circuit portion 306 can be
connected to a wiring between the gate driver 304a and the
terminal portion 307. Alternatively, the protection circuit
portion 306 can be connected to a wiring between the source
driver 3045 and the terminal portion 307. Note that the
terminal portion 307 means a portion having terminals for
inputting power, control signals, and video signals to the
display device from external circuits.

[0221] The protection circuit portion 306 is a circuit that
electrically connects a wiring connected to the protection
circuit portion to another wiring when a potential out of a
certain range is applied to the wiring connected to the
protection circuit portion.

[0222] As illustrated in FIG. 8A, the protection circuit
portions 306 are provided for the pixel portion 302 and the
driver circuit portion 304, so that the resistance of the
display device to overcurrent generated by electrostatic
discharge (ESD) or the like can be improved. Note that the
configuration of the protection circuit portions 306 is not
limited to that, and for example, a configuration in which the
protection circuit portions 306 are connected to the gate
driver 304q or a configuration in which the protection circuit
portions 306 are connected to the source driver 3045 may be
employed. Alternatively, the protection circuit portions 306
may be configured to be connected to the terminal portion
307.

[0223] In FIG. 8A, an example in which the driver circuit
portion 304 includes the gate driver 304a and the source
driver 30454 is shown; however, the structure is not limited
thereto. For example, only the gate driver 304a may be
formed and a separately prepared substrate where a source
driver circuit is formed (e.g., a driver circuit substrate
formed with a single crystal semiconductor film or a poly-
crystalline semiconductor film) may be mounted.

[0224] Each of the plurality of pixel circuits 308 in FIG.
8A can have a structure illustrated in FIG. 8B, for example.
[0225] The pixel circuit 308 illustrated in FIG. 8B
includes the liquid crystal element 170, the transistor 150,
and the capacitor 152. Note that the liquid crystal element
170, the transistor 150, and the capacitor 152 can be those
in the display device in FIGS. 3A and 3B described in
Embodiment 1.

[0226] The potential of one of a pair of electrodes of the
liquid crystal element 170 is set in accordance with the
specifications of the pixel circuit 308 as appropriate. The
alignment state of the liquid crystal element 170 depends on
written data. A common potential may be supplied to one of
the pair of electrodes of the liquid crystal element 170
included in each of the plurality of pixel circuits 308.
Further, the potential supplied to one of the pair of electrodes
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of the liquid crystal element 170 in the pixel circuit 308 in
one row may be different from the potential supplied to one
of the pair of electrodes of the liquid crystal element 170 in
the pixel circuit 308 in another row.

[0227] As examples of a driving method of the display
device including the liquid crystal element 170, any of the
following modes can be given: a TN mode, an STN mode,
a VA mode, an axially symmetric aligned micro-cell (ASM)
mode, an optically compensated birefringence (OCB) mode,
a ferroelectric liquid crystal (FLC) mode, an antiferroelec-
tric liquid crystal (AFLC) mode, an MVA mode, a patterned
vertical alignment (PVA) mode, an IPS mode, an FFS mode,
a transverse bend alignment (TBA) mode, and the like.
Other examples of the driving method of the display device
include an electrically controlled birefringence (ECB) mode,
a polymer dispersed liquid crystal (PDLC) mode, a polymer
network liquid crystal (PNLC) mode, and a guest-host
mode. Note that the present invention is not limited to these
examples, and various liquid crystal elements and driving
methods can be applied to the liquid crystal element and the
driving method thereof.

[0228] The liquid crystal element may be formed using a
liquid crystal composition including liquid crystal exhibiting
a blue phase and a chiral material. The liquid crystal
exhibiting a blue phase has a short response time of 1 msec
or less and is optically isotropic. Therefore, alignment
treatment is not necessary and viewing angle dependence is
small.

[0229] In the pixel circuit 308 in the m-th row and the n-th
column, one of a source and a drain of the transistor 150 is
electrically connected to the source line DI._n, and the other
is electrically connected to the other of the pair of electrodes
of the liquid crystal element 170. A gate of the transistor 150
is electrically connected to the gate line GL_m. The tran-
sistor 150 has a function of controlling whether to write a
data signal by being turned on or off.

[0230] One of a pair of electrodes of the capacitor 152 is
electrically connected to a wiring to which a potential is
supplied (hereinafter referred to as a potential supply line
VL), and the other is electrically connected to the other of
the pair of electrodes of the liquid crystal element 170. The
potential of the potential supply line VL is set in accordance
with the specifications of the pixel circuit 308 as appropriate.
The capacitor 152 functions as a storage capacitor for
storing written data.

[0231] For example, in the display device including the
pixel circuit 308 in FIG. 8A, the pixel circuits 308 are
sequentially selected row by row by the gate driver 304aq,
whereby the transistors 150 are turned on and a data signal
is written.

[0232] When the transistors 150 are turned off, the pixel
circuits 308 in which the data has been written are brought
into a holding state. This operation is sequentially performed
row by row; thus, an image can be displayed.

[0233] The structure described in this embodiment can be
combined with any of the structures described in the other
embodiments as appropriate.

Embodiment 4

[0234] In this embodiment, a display module and elec-
tronic devices that can be formed using a display device of
one embodiment of the present invention are described with
reference to FIG. 9 and FIGS. 10A to 10H.
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[0235] In a display module 8000 illustrated in FIG. 9, a
touch panel 8004 connected to an FPC 8003, a display panel
8006 connected to an FPC 8005, a backlight unit 8007, a
frame 8009, a printed board 8010, and a battery 8011 are
provided between an upper cover 8001 and a lower cover
8002.

[0236] The display device of one embodiment of the
present invention can be used for, for example, the display
panel 8006.

[0237] The shapes and sizes of the upper cover 8001 and
the lower cover 8002 can be changed as appropriate in
accordance with the sizes of the touch panel 8004 and the
display panel 8006.

[0238] The touch panel 8004 can be a resistive touch panel
or a capacitive touch panel and can be formed to overlap
with the display panel 8006. A counter substrate (sealing
substrate) of the display panel 8006 can have a touch panel
function. A photosensor may be provided in each pixel of the
display panel 8006 to form an optical touch panel.

[0239] The backlight unit 8007 includes a light source
8008. Note that although a structure in which the light
sources 8008 are provided over the backlight unit 8007 is
illustrated in FIG. 9, one embodiment of the present inven-
tion is not limited to this structure. For example, a structure
in which the light source 8008 is provided at an end portion
of the backlight unit 8007 and a light diffusion plate is
further provided may be employed.

[0240] Note that the backlight unit 8007 need not be
provided in the case of a reflective liquid crystal display
device. The backlight unit 8007 is provided in the case of a
transmissive liquid crystal display device or a semi-trans-
missive liquid crystal display device, for example.

[0241] The frame 8009 protects the display panel 8006
and also functions as an electromagnetic shield for blocking
electromagnetic waves generated by the operation of the
printed board 8010. The frame 8009 may function as a
radiator plate.

[0242] The printed board 8010 is provided with a power
supply circuit and a signal processing circuit for outputting
a video signal and a clock signal. As a power source for
supplying power to the power supply circuit, an external
commercial power source or a power source using the
battery 8011 provided separately may be used. The battery
8011 can be omitted in the case of using a commercial power
source.

[0243] The display module 8000 may be additionally
provided with a member such as a polarizing plate, a
retardation plate, or a prism sheet.

[0244] FIGS. 10A to 10H illustrate electronic devices.
These electronic devices can include a housing 5000, a
display portion 5001, a speaker 5003, an LED lamp 5004,
operation keys 5005 (including a power switch or an opera-
tion switch), a connection terminal 5006, a sensor 5007 (a
sensor having a function of measuring or sensing force,
displacement, position, speed, acceleration, angular veloc-
ity, rotational frequency, distance, light, liquid, magnetism,
temperature, chemical substance, sound, time, hardness,
electric field, current, voltage, electric power, radiation, flow
rate, humidity, gradient, oscillation, odor, or infrared ray), a
microphone 5008, and the like.

[0245] FIG. 10A illustrates a mobile computer that can
include a switch 5009, an infrared port 5010, and the like in
addition to the above components. FIG. 10B illustrates a
portable image reproducing device (e.g., a DVD player) that

May 4, 2017

is provided with a memory medium and can include a
second display portion 5002, a memory medium reading
portion 5011, and the like in addition to the above compo-
nents. FIG. 10C illustrates a goggle-type display that can
include the second display portion 5002, a support 5012, an
earphone 5013, and the like in addition to the above com-
ponents. FIG. 10D illustrates a portable game machine that
can include the memory medium reading portion 5011 and
the like in addition to the above components. FIG. 10E
illustrates a digital camera that has a television reception
function and can include an antenna 5014, a shutter button
5015, an image receiving portion 5016, and the like in
addition to the above components. FIG. 10F illustrates a
portable game machine that can include the second display
portion 5002, the memory medium reading portion 5011,
and the like in addition to the above components. FIG. 10G
illustrates a television receiver that can include a tuner, an
image processing portion, and the like in addition to the
above components. FIG. 10H illustrates a portable television
receiver that can include a charger 5017 capable of trans-
mitting and receiving signals, and the like in addition to the
above components.

[0246] The electronic devices illustrated in FIGS. 10A to
10H can have a variety of functions, for example, a function
of displaying a variety of data (a still image, a moving
image, a text image, and the like) on the display portion, a
touch panel function, a function of displaying a calendar,
date, time, and the like, a function of controlling a process
with a variety of software (programs), a wireless commu-
nication function, a function of being connected to a variety
of computer networks with a wireless communication func-
tion, a function of transmitting and receiving a variety of
data with a wireless communication function, a function of
reading a program or data stored in a memory medium and
displaying the program or data on the display portion, and
the like. Further, the electronic device including a plurality
of display portions can have a function of displaying image
data mainly on one display portion while displaying text
data on another display portion, a function of displaying a
three-dimensional image by displaying images on a plurality
of display portions with a parallax taken into account, or the
like. Furthermore, the electronic device including an image
receiving portion can have a function of shooting a still
image, a function of taking a moving image, a function of
automatically or manually correcting a shot image, a func-
tion of storing a shot image in a memory medium (an
external memory medium or a memory medium incorpo-
rated in the camera), a function of displaying a shot image
on the display portion, or the like. Note that functions that
can be provided for the electronic devices illustrated in
FIGS. 10A to 10H are not limited to those described above,
and the electronic devices can have a variety of functions.
[0247] The electronic devices described in this embodi-
ment each include the display portion for displaying some
sort of data.

[0248] The structure described in this embodiment can be
combined with any of the structures described in the other
embodiments as appropriate.

Embodiment 5

[0249] In this embodiment, a modification example of the
display device described in Embodiment 1 is described with
reference to FIG. 21, FIGS. 22A and 22B, and FIGS. 23A
and 23B. Note that portions having functions similar to those
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in Embodiment 1 are given the same reference numerals and
detailed description thereof is omitted.

[0250] FIG. 21 is a top view of an example of a display
device of one embodiment of the present invention. In the
top view of FIG. 21, which shows some pixel regions (three
pixels) in the display device, components such as a gate
insulating layer are partly omitted to avoid complexity. FIG.
23A is a cross-sectional view corresponding to a cross
section taken along dashed-dotted line X6-Y6 in FIG. 21.
FIG. 23B is a cross-sectional view corresponding to a cross
section taken along dashed-dotted line X7-Y7 in FIG. 21.
[0251] This embodiment describes an example in which a
pixel electrode layer is used as a reflective electrode and a
substrate 162 that is a counter substrate is provided with a
coloring layer, a BM 180, and a spacer 181. The position of
overlap with openings in the coloring layer and the position
of overlap with the spacer 181 are indicated by dotted lines.
The transistor 150 has the same structure as that in Embodi-
ment 1 except that a 400-nm-thick tungsten film is used as
a conductive layer; thus, detailed description is omitted here.
Note that the transistor 150 has a channel length L of 3 pm
and a channel width W of 3 um. The transistor 150 includes
a 50-nm-thick In—Ga—Z7n oxide (In:Ga:Zn=1:1:1 (at. %))
semiconductor layer formed with a sputtering apparatus.
[0252] The pixel electrode layer 118 electrically con-
nected to the transistor 150 through the opening 138 over-
laps with part of the gate line 104, and has a large reflection
area. Note that the transistor 150 is positioned so as to
overlap with the BM 180. As the BM 180, a 200-nm-thick
titanium film formed with a sputtering apparatus is used.
[0253] This embodiment describes an example in which
openings in the coloring layers 114 have different shapes for
different colors of pixels, as illustrated in FIGS. 22A and
22B.

[0254] FIG. 22A illustrates a structure of a B pixel on the
counter substrate side. In FIG. 22A, the proportion of the
area of the coloring layer 114 to the area of the pixel region
120 is 74.6%. Note that the area of the coloring layer 114 is
calculated by subtracting the area of the BM 180 from the
area of the pixel region 120. FIG. 22B illustrates a structure
of each of R and G pixels on the counter substrate side. In
FIG. 22B, the proportion of the area of the coloring layer 114
to the area of the pixel region 120 is 44.4%. When the upper
surface shape of the coloring layer 114 in each of the R and
G pixels is different from the upper surface shape of the
coloring layer 114 in the B pixel, and when the area of the
coloring layer 114 in the B pixel is larger than that of the
coloring layer 114 in the R or G pixel, reflectance can be
improved with an NTSC ratio maintained.

[0255] In each of FIGS. 22A and 22B, a region overlap-
ping with the opening 138 is indicated by a dashed-dotted
line for easy understanding of positional relationship; this
does not mean that the structure on the counter substrate side
actually has the opening 138. In addition, in FIG. 21, the
opening 136 and the spacer 181 are indicated by dotted lines
for easy understanding of positional relationship; only the
positions are indicated and this does not mean that the
structure on the side of the substrate provided with the
transistor has the opening 136 and the spacer 181.

[0256] The upper surface shapes of the openings illus-
trated in FIGS. 22A and 22B are examples, to which the
present invention is not limited, and may be triangular,
circular, elliptical, polygonal, or the like or a combination of
a plurality of kinds of these shapes. In addition, the total area
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of the openings in the coloring layer 114 in the B pixel is at
least smaller than that of the openings in the coloring layer
114 in each of the R and G pixels.

[0257] The display device in FIG. 23A includes the first
substrate 102; the conductive layer 104a serving as a gate
electrode layer over the first substrate 102; the conductive
layer 1045 formed in the same step as the conductive layer
104a; the insulating layers 106a and 1065 over the first
substrate 102 and the conductive layers 104a and 1045; the
semiconductor layer 108 which is over the insulating layer
1065 and overlaps with the conductive layer 104a; the
conductive layer 110a_1 serving as a source electrode layer
over the semiconductor layer 108 and the insulating layer
1064; the conductive layer 110a_2 serving as a drain elec-
trode layer over the semiconductor layer 108 and the insu-
lating layer 1064; the insulating layer 112 serving as a
protective insulating film over the semiconductor layer 108
and the conductive layers 110a_1 and 110a_2; the insulating
layer 116 formed using a photosensitive resin over the
insulating layer 112; the pixel electrode layer 118 over the
insulating layer 116; the liquid crystal layer 166 over the
pixel electrode layer 118; the conductive layer 164 having a
function of a counter electrode over the liquid crystal layer
166; the spacer 181; the BM 180; the coloring layer 114
having a function of a color filter; an overcoat layer 182
covering the coloring layer 114; and the second substrate
162 that is a counter substrate over the conductive layer 164.
In this case, the overcoat layer 182 is in contact with the
second substrate 162 that is the counter substrate in the
opening 136.

[0258] As the overcoat layer 182, an acrylic based resin
film is used, which is formed by applying an acrylic based
resin material with a spin coater apparatus and then drying
the material in an oven apparatus. As for the coloring layer
114, three colors of red (R), green (G), and blue (B) are used,
and green (G), red (R), and blue (B) color filters are formed
in this order in desired positions by light exposure and
development. Each of the red (R), green (G), and blue (B)
color filters is formed so as to have a thickness of 0.8 pm.
[0259] Note that the conductive layer 104a, the insulating
layers 1064 and 1065, the semiconductor layer 108, and the
conductive layers 110a_1 and 110g_2 form the transistor
150. The conductive layer 1045, the insulating layers 106a
and 1065, and the conductive layer 110a_2 form the capaci-
tor 152. The capacitor 152 has a large area and thus has a
large capacitance for charge storage. Thus, it is possible to
retain the potential of the pixel electrode for a longer time
and to apply a driving mode with a reduced refresh rate.
Furthermore, a change in voltage applied to the liquid crystal
layer can be inhibited for a long time even when the liquid
crystal display device is used in the driving mode with a
reduced refresh rate. This makes it possible to prevent screen
flickers from being perceived by a user more effectively.
Thus, the power consumption can be reduced and the display
quality can be improved.

[0260] An effect of reducing the refresh rate will be
described here. Note that the refresh rate refers to the
number of times of image writing per second and is also
called driving frequency. Such high-speed screen switching
that is difficult for the human eye to perceive is considered
as a cause of eye strain.

[0261] The eye strain is divided into two categories: nerve
strain and muscle strain. The nerve strain is caused by
prolonged looking at light emitted from a liquid crystal
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display device or blinking images. This is because the
brightness stimulates and fatigues the retina and nerve of the
eye and the brain. The muscle strain is caused by overuse of
a ciliary muscle which works for adjusting the focus.
[0262] FIG. 27A is a schematic diagram illustrating dis-
play of a conventional liquid crystal display device. As
illustrated in FIG. 27A, for the display of the conventional
liquid crystal display device, image rewriting is performed
60 times per second. A prolonged looking at such a screen
might stimulate the retina and nerve of the eye and the brain
of a user and lead to eye strain.

[0263] In this embodiment, a transistor with an extremely
low off-state current (e.g., a transistor using an oxide semi-
conductor) is used as the transistor 150 in a pixel portion of
a liquid crystal display device. In addition, the liquid crystal
element has a large-area capacitor. With these components,
leakage of electrical charges stored in the capacitor can be
inhibited, whereby the luminance of a liquid crystal display
device can be kept even at a lower frame frequency.
[0264] Thus, for example, the number of times of image
writing can be reduced to once every five seconds as shown
in FIG. 27B. The same image can be seen for as long as
possible and flickers on a screen perceived by a user can be
reduced. This makes it possible to reduce stimuli to the
retina and nerve of the eye and the brain of a user, resulting
in less nerve strain.

[0265] This embodiment makes it possible to provide an
eye-friendly liquid crystal display device.

[0266] The refresh operation needs to be performed such
that a change of an image caused by the refresh operation is
not distinguished by users. The display device according to
this embodiment has little change of an image caused by the
refresh operation and can perform favorable display.

[0267] The coloring layer 114 formed on the second
substrate 162 side is provided with a plurality of openings
136. The color purity of the coloring layer 114 can be
adjusted by setting the shape or area of the openings 136
provided in the coloring layer 114. With such a structure in
which the coloring layer 114 has the openings 136, a novel
display device capable of adjusting color purity can be
provided.

[0268] The insulating layer 112 is provided with the
opening 138. The pixel electrode layer 118 is connected to
the conductive layer 110a_2 serving as a drain electrode
layer of the transistor 150, through the opening 138. For the
insulating layer 116, a photosensitive resin may be used so
that random projections and depressions are formed. In the
case where random projections and depressions are formed,
the pixel electrode layer 118 is a reflective electrode having
random projections and depressions reflecting the random
projections and depressions on the surface of the insulating
layer 116. Thus, viewing angle dependence can be
improved.

[0269] In this embodiment, a highly reflective conductive
layer is used as the pixel electrode layer 118 so as to serve
as a reflective electrode. For example, the highly reflective
conductive layer is formed to have a single-layer structure or
a stacked-layer structure including any of metals such as
aluminum, silver, palladium, and copper or an alloy con-
taining any of these metals as its main component.

[0270] FIG. 23B is a cross-sectional view of a region
where the gate line 104 and the conductive layer 110a_2
serving as the source line 110 intersect with each other.
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[0271] In the display device in FIG. 23B, the distance
between the first substrate 102 and the second substrate 162
which faces the first substrate 102 is maintained by the
spacer 181. In the case where alignment films are formed,
the alignment films may be formed after the spacer is formed
by patterning an organic resin film or by forming a columnar
structure using a photosensitive resin.

[0272] When the BM 180 is formed as illustrated in FIG.
23B, surface reflection due to the gate line 104 or the
conductive layer 110a_2 can be suppressed.

[0273] In this manner, the BM 180 is preferably formed in
a portion other than at least a reflective region.

[0274] This embodiment can be freely combined with any
of the other embodiments.

Example 1

[0275] In this example, a display device of one embodi-
ment of the present invention was manufactured and sub-
jected to optical microscope observation and cross-sectional
observation. Details of samples manufactured in this
example are described below.

[0276] Note that a display device having a structure simi-
lar to that of the display device illustrated in FIG. 1. FIGS.
2A to 2C, and FIGS. 3A and 3B was manufactured in this
example. Thus, portions having functions similar to those in
FIG. 1, FIGS. 2A to 2C, and FIGS. 3A and 3B are given the
same reference numerals.

[0277] A method for manufacturing the samples which
were observed in this example will be described below.
[0278] As the first substrate 102, a glass substrate was
used. Then, the conductive layers 104a. 1045, and 104¢ were
formed over the first substrate 102. A 200-nm-thick tungsten
film (W) was formed by a sputtering method for the con-
ductive layers 104a, 1045, and 104c.

[0279] Then, the insulating layers 106a and 1065 serving
as a gate insulating layer were formed over the first substrate
102 and the conductive layers 104a, 1045, and 104c. A
400-nm-thick silicon nitride film was formed as the insu-
lating layer 1064, and a 50-nm-thick silicon oxynitride film
was formed as the insulating layer 1065.

[0280] Note that the silicon nitride film that is the insu-
lating layer 1064 has a three-layer structure of a first silicon
nitride film, a second silicon nitride film, and a third silicon
nitride film.

[0281] The first silicon nitride film was formed to have a
thickness of 50 nm under the following conditions: silane at
a flow rate of 200 sccm, nitrogen at a flow rate of 2000 sccm
and an ammonia gas at a flow rate of 100 sccm were supplied
to a reaction chamber of a plasma CVD apparatus as a
source gas, the pressure in the reaction chamber was con-
trolled to 100 Pa, and a power of 2000 W was supplied with
the use of a 27.12 MHz high-frequency power source. The
second silicon nitride film was formed to have a thickness of
300 nm under the following conditions: silane at a flow rate
of 200 scem, nitrogen at a flow rate of 2000 sccm, and an
ammonia gas at a flow rate of 2000 sccm were supplied to
the reaction chamber of the plasma CVD apparatus as a
source gas, the pressure in the reaction chamber was con-
trolled to 100 Pa, and a power of 2000 W was supplied with
the use of a 27.12 MHz high-frequency power source. The
third silicon nitride film was formed to have a thickness of
50 nm under the following conditions: silane at a flow rate
of 200 scem and nitrogen at a flow rate of 5000 sccm were
supplied to the reaction chamber of the plasma CVD appa-



US 2017/0123251 Al

ratus as a source gas, the pressure in the reaction chamber
was controlled to 100 Pa, and a power of 2000 W was
supplied with the use of a 27.12 MHz high-frequency power
source. Note that the first silicon nitride film, the second
silicon nitride film, and the third silicon nitride film were
each formed at a substrate temperature of 350° C.

[0282] The silicon oxynitride film formed as the insulating
layer 1065 was formed under the following conditions:
silane at a flow rate of 20 sccm and dinitrogen monoxide at
a flow rate of 3000 sccm were supplied to the reaction
chamber of the plasma CVD apparatus as a source gas, the
pressure in the reaction chamber was controlled to 40 Pa,
and a power of 100 W was supplied with the use of a 27.12
MHz high-frequency power source. Note that the silicon
oxynitride film was formed at a substrate temperature of
350° C.

[0283] Next, the semiconductor layer 108 was formed so
as to overlap with the conductive layer 104a with the
insulating layers 1064 and 1065 provided therebetween. A
35-nm-thick oxide semiconductor film was formed as the
semiconductor layer 108 by a sputtering method.

[0284] The oxide semiconductor film was formed under
the following conditions: a metal oxide sputtering target of
In:Ga:Zn=1:1:1 (atomic ratio) was used, oxygen at a flow
rate of 100 sccm and argon at a flow rate of 100 sccm were
supplied as a sputtering gas to a reaction chamber of a
sputtering apparatus, the pressure in the reaction chamber
was controlled to 0.6 Pa, and an alternating-current power of
2.5 kW was supplied. Note that the oxide semiconductor
film was formed at a substrate temperature of 170° C.
[0285] Next, the opening 132 was formed in a desired
position of the insulating layers 106a and 1065. Note that the
opening 132 reaches the conductive layer 1045.

[0286] The opening 132 was formed using a dry etching
apparatus.
[0287] Next, a conductive layer was formed over the

semiconductor layer 108 and the insulating layers 106a and
1065. As the conductive layer, a 400-nm-thick aluminum
film was formed over a 50-nm-thick tungsten film, and a
100-nm-thick titanium film was formed over the aluminum
film.

[0288] Next, a conductive layer 110_1 was formed by
removing a region other than a desired region of the 100-
nm-thick titanium film with a dry etching apparatus. Note
that the conductive layer 110_1 is a 100-nm-thick titanium
film.

[0289] Next, the conductive layers 110a_1, 110a_2, 110a_
3, 110a_4, 1105_1, 1105_2, 1105_3, and 1105_4 were
formed by processing the 50-nm-thick tungsten film and the
400-nm-thick aluminum film into a desired shape with a dry
etching apparatus. Note that the conductive layers 110al,
110a_2,10a_3, and 110a_4 are each a 50-nm-thick tungsten
film. The conductive layers 1105_1, 1105_2, 1105_3, and
1105_4 are each a 400-nm-thick aluminum film.

[0290] The conductive layers 110a_1 and 1105_1 serve as
a source electrode layer of a transistor; the conductive layers
110a_2 and 1105_2 serve as a drain electrode layer of the
transistor; the conductive layers 110a_3 and 1105_3 serve as
a reflective electrode layer; and the conductive layers
110a_4 and 1105_4 serve as part of a source line.

[0291] Next, the insulating layer 112 was formed so as to

cover the semiconductor layer 108 and the conductive layers
1105_1, 1105_2, 1105_3, and 110¢_1.

May 4, 2017

[0292] The insulating layer 112 was formed to have a
three-layer structure of a first oxide insulating film, a second
oxide insulating film, and a nitride insulating film.

[0293] A 50-nm-thick silicon oxynitride film was formed
as the first oxide insulating film. A 400-nm-thick silicon
oxynitride film was formed as the second oxide insulating
film. Note that the first oxide insulating film and the second
oxide insulating film were successively formed with a
plasma CVD apparatus in vacuum without exposure to the
air. Since the first oxide insulating film and the second oxide
insulating film were formed using the same kind of material,
the interface between these films cannot be clearly defined
in some cases.

[0294] The first oxide insulating film was formed by a
plasma CVD method under the following conditions: silane
at a flow rate of 30 sccm and dinitrogen monoxide at a flow
rate of 4000 sccm were used as a source gas, the pressure in
the reaction chamber was 40 Pa, the substrate temperature
was 220° C., and a high-frequency power of 150 W was
supplied to parallel-plate electrodes.

[0295] The second oxide insulating film was formed by a
plasma CVD method under the following conditions: silane
at a flow rate of 160 sccm and dinitrogen monoxide at a flow
rate of 4000 sccm were used as a source gas, the pressure in
the reaction chamber was 200 Pa, the substrate temperature
was 220° C., and a high-frequency power of 1500 W was
supplied to the parallel-plate electrodes. Under the above
conditions, it is possible to form a silicon oxynitride film
containing oxygen at a higher proportion than oxygen in the
stoichiometric composition and from which part of oxygen
is released by heating.

[0296] Next, heat treatment was performed to release
water, nitrogen, hydrogen, and the like from the first oxide
insulating film and the second oxide insulating film and
supply part of oxygen contained in the second oxide insu-
lating film to the oxide semiconductor film used as the
semiconductor layer 108. Here, the heat treatment was
performed at 350° C. in a mixed atmosphere of nitrogen and
oxygen for one hour.

[0297] Then, a 100-nm-thick nitride insulating film was
formed over the second oxide insulating film. A 100-nm-
thick silicon nitride film was formed as the nitride insulating
film. The nitride insulating film was formed by a plasma
CVD method under the following conditions: silane at a
flow rate of 50 sccm, nitrogen at a flow rate of 5000 sccm,
and an ammonia gas at a flow rate of 100 sccm were used
as a source gas, the pressure in the reaction chamber was 100
Pa, the substrate temperature was 350° C., and a high-
frequency power of 1000 W was supplied to the parallel-
plate electrodes.

[0298] Next, the coloring layer 114 was formed in a
desired region over the insulating layer 112.

[0299] As the coloring layer 114, a photosensitive resin
film was formed by applying a photosensitive resin solution
in which a coloring material was dispersed, with a spin
coater apparatus and then drying the solution in an oven
apparatus. The photosensitive resin film serves as a so-called
color filter. Note that in this example, three colors of red (R),
green (G), and blue (B) are used, and green (G), red (R), and
blue (B) color filters were formed in this order in desired
positions by light exposure and development. Each of the
red (R), green (G), and blue (B) color filters was formed so
as to have a thickness of 0.8 um. The coloring layer 114 was



US 2017/0123251 Al

formed such that the opening 134 and the opening 136 were
provided for each of the above colors.

[0300] Next, the insulating layer 116 having a function of
an overcoat was formed over the insulating layer 112 and the
coloring layer 114. Note that as the insulating layer 116, an
acrylic based resin film was formed by applying an acrylic
based resin material with a spin coater apparatus and then
drying the material in an oven apparatus. The insulating
layer 116 was formed so as to have a thickness of 2.5 pm.
In addition, the insulating layer 116 was formed such that an
opening is provided inside the opening 134 in the coloring
layer 114.

[0301] Next, the opening 138 was formed in the insulating
layer 112 in a position overlapping the opening 134. The
opening 138 was formed so as to reach the conductive layer
110c¢_1. Note that the opening 138 was formed using a dry
etching apparatus.

[0302] Next, the pixel electrode layer 118 was formed
over the insulating layer 116 so as to cover the opening 138.
A 100-nm-thick conductive film of an indium oxide-tin
oxide-silicon oxide compound (ITO-SiO,, hereinafter
ITSO) was formed as the pixel electrode layer 118 by a
sputtering method. Note that the composition of a target
used for forming the conductive film was In,0;:Sn0O,:
Si0,=85:10:5 [wt %].

[0303] Through these steps, elements were formed over
the first substrate 102. These samples were subjected to
optical microscope observation.

[0304] Note that in this example, in order to observe the
elements formed over the first substrate 102, the liquid
crystal layer 166, the conductive layer 164, and the second
substrate 162 were not formed over the insulating layer 116
and the pixel electrode layer 118.

[0305] FIGS. 11A to 11C show optical micrographs of the
samples manufactured in this example. Note that the optical
micrographs shown in FIGS. 11A to 11C are reflected
bright-field images.

[0306] In addition, FIGS. 11A to 11C are optical micro-
graphs of the samples with different shapes and arrange-
ments of the openings 134 and 136 in the coloring layers 114
as shown in FIGS. 2A to 2C in Embodiment 1. Note that the
shapes and arrangement of the openings 134 and 136 in the
coloring layers 114 were changed by changing the shape of
a light exposure mask.

[0307] As shown in FIGS. 11A to 11C, the coloring layer
114 with the openings 134 and 136 of any of the shapes was
not separated, and these shapes are found favorable.
[0308] In addition, favorable color purity was visually
observed from all the samples in FIGS. 11A to 11C.
[0309] FIGS. 11A to 11C each show a top view of roughly
three pixels. In each of FIGS. 11A to 11C, an upper portion
is a pixel region in which a red (R) color filter is used as the
coloring layer 114; a middle portion is a pixel region in
which a green (G) color filter is used as the coloring layer
114; and a lower portion is a pixel region in which a blue (B)
color filter is used as the coloring layer 114.

[0310] Note that the proportion of the area of the coloring
layer 114 in FIG. 11A to the area of the conductive layer
1105_3 used as a reflective electrode layer in one pixel is
76%. The proportion of the area of the coloring layer 114 in
FIG. 11B to the area of the conductive layer 1105_3 used as
a reflective electrode layer in one pixel is 63%. The propor-
tion of the area of the coloring layer 114 in FIG. 11C to the
area of the conductive layer 1105_3 used as a reflective
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electrode layer in one pixel is 41%. Thus, the proportion of
the area of the coloring layer 114 can be easily changed by
changing the shape and arrangement of the openings 136 in
the coloring layer 114.

[0311] Next, results of cross-sectional observation of the
samples manufactured in this example are described with
reference to FIG. 12 and FIGS. 13A and 13B. Note that a
transmission electron microscope (TEM) was used for the
cross-sectional observation. FIG. 12 shows two TEM
images partly overlapping with each other. In FIG. 12 and
FIGS. 13A and 13B, brightness, contrast, and the like are
adjusted to clearly show interfaces and the like.

[0312] Note that FIG. 12 shows a result of a cross section
taken along dashed-dotted line X3-Y3 in FIG. 11A. FIG.
13A shows a result of a cross section taken along dashed-
dotted line X4-Y4 in FIG. 11A. FIG. 13B shows a result of
a cross section taken along dashed-dotted line X5-Y5 in
FIG. 11A.

[0313] Note that in FIG. 12 and FIGS. 13A and 13B, Sub.
denotes the first substrate 102. GI denotes the insulating
layers 106a and 1065 serving as a gate insulating layer.
SiON denotes the silicon oxynitride film used as the insu-
lating layer 112. SiN denotes the silicon nitride film used as
the insulating layer 112. W denotes the tungsten films used
as the conductive layers 104a, 1045, 104¢, 110a_1, 110a_2,
110a_3, and 110a_4. Al denotes the aluminum films used as
the conductive layers 1105_1, 1105_2, 1105_3, and 1105_4.
Ti denotes the titanium film used as the conductive layer
110c_1. IGZO denotes the oxide semiconductor film used as
the semiconductor layer 108. CF(R) denotes the coloring
layer 114 for red. CF(G) denotes the coloring layer 114 for
green. CF(B) denotes the coloring layer 114 for blue. OC
denotes the acrylic based resin film used as the insulating
layer 116 having a function of an overcoat. ITSO denotes the
indium oxide-tin oxide-silicon oxide compound film used as
the pixel electrode layer 118. Pt denotes a platinum coating
used as a conductive film for cross-sectional observation. C
denotes a carbon coating used as a conductive film for
cross-sectional observation.

[0314] The results shown in the TEM images in FIG. 12
and FIGS. 13A and 13B confirm that the display device of
this example has a favorable cross-sectional shape. As can
be seen from the result shown in the TEM image in FIG.
13A, in the display device of this example, the color filter
CF(G) and the color filter CF(R) each used as the coloring
layer 114 are stacked over the gate line, the source line, or
a region where the gate line intersects with the source line,
which is other than a reflective region. In addition, in the
display device of this example, the color filter CF(R) and the
color filter CF(B) each used as the coloring layer 114 are
stacked over the gate line, the source line, or a region where
the gate line intersects with the source line, which is other
than a reflective region.

[0315] As can be seen from the result shown in the TEM
image in FIG. 13B, the display device of this example has
a structure in which the color filter CF(G) used as the
coloring layer 114 has an opening, and through the opening,
the silicon nitride film (SiN) used as the insulating layer 112
is in contact with the acrylic based resin film used as the
insulating layer 116 serving as an overcoat (OC). Thus, it is
confirmed that the display device of this example has a
favorable cross-sectional shape with improved adhesion of
the coloring layer 114 and with no film separation or the like.
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[0316] The structure described above in this example can
be combined with any of the structures described in the other
embodiments as appropriate.

Example 2

[0317] In this example, a display device of one embodi-
ment of the present invention was manufactured, a pixel
region where an image was displayed was photographed,
and its reflectance was measured. Details of samples manu-
factured in this example are described below.

[0318] Note that the display device described in Embodi-
ment 5 and illustrated in FIG. 21, FIGS. 22A and 22B, and
FIGS. 23A and 23B was manufactured in this example. In
addition, a display device in which all the coloring layers in
R, G, and B pixels had the same shape was manufactured.
The display device in this example is the same as the display
device illustrated in FIG. 1, FIGS. 2A to 2C, and FIGS. 3A
and 3B, except that openings in coloring layers for different
colors have partly varying shapes, the coloring layers are
formed over a counter substrate, and a pixel electrode is used
as a reflective electrode, for example. Thus, portions having
functions similar to those in FIG. 1, FIGS. 2A to 2C, and
FIGS. 3A and 3B are given the same reference numerals.
[0319] Two types of display panels which are the manu-
factured samples were subjected to reflectance measurement
using a measurement apparatus (an LCD evaluation appa-
ratus (product name: LCD-7200)) such that a detector was
positioned over the center of the display panel so as to be
perpendicular to the display panel surface and the center of
the panel was irradiated with light from a light source at an
angle in the range from 15° to 70°, as illustrated in FIG. 24 A.
FIG. 24B shows the results.

[0320] The upper curve in FIG. 24B represents data
obtained from the display device described in Embodiment
5, and the lower curve represents data obtained from the
display device in which the coloring layers in the R. G, and
B pixels have the same shape that is illustrated in FIG. 22A.
[0321] FIG. 25A shows a photograph of display by the
display device described in Embodiment 5.

[0322] FIG. 25B shows a table of characteristics of the two
types of display devices. In FIG. 25B, the display device
described in Embodiment 5 is referred to as high reflective
LCD because of its high reflectance, and the other display
device is referred to as high color gamut LCD.

[0323] These panels can further be provided with a touch
panel so as to be a display device capable of touch input.
FIG. 26 is a schematic diagram of a configuration example
of'a display device including a touch panel. A display device
illustrated in FIG. 26 includes the pixel electrode layers 118
over the substrate 102; the coloring layers 114 overlapping
with the pixel electrode layers 118; the BM 180 between the
coloring layers 114 for different colors; the substrate 162; a
liquid crystal between the substrate 102 and the substrate
162; an optical film 183 over the substrate 162; a touch panel
184; and a polarizing film 185. Note that transistors elec-
trically connected to the pixel electrode layers 118 formed
over the substrate 102 are not illustrated in FIG. 26.
[0324] Note that the data in FIG. 24B and FIGS. 25A and
25B were obtained before a touch panel is provided.
[0325] These data indicate that a reflective liquid crystal
display device capable of high-resolution display can be
obtained.

[0326] Furthermore, these display panels include capaci-
tors with a large capacitance. Thus, it is possible to retain the
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potential of the pixel electrode for a longer time and to apply
a driving mode with a reduced refresh rate. Moreover, a
change in voltage applied to the liquid crystal layer can be
inhibited for a long time even when the liquid crystal display
device is used in the driving mode with a reduced refresh
rate. This makes it possible to prevent screen flickers from
being perceived by a user more effectively. Thus, the power
consumption can be reduced and the display quality can be
improved.
[0327] FIG. 28 shows results of measuring changes in
images caused by a refresh operation in the display device
of'this example. As shown in FIG. 28, little change is caused
in images by the refresh operation in any of white display,
gray display, and black display.
[0328] The display device of this example can be used in
a driving mode with a reduced refresh rate of 1 Hz or less
and can be an eye-friendly reflective liquid crystal display
device. The display device of this example can also be a
low-power-consumption reflective liquid crystal display
device.
[0329] This application is based on Japanese Patent Appli-
cation serial no. 2013-216904 filed with Japan Patent Office
on Oct. 18, 2013 and Japanese Patent Application serial no.
2014-005432 filed with Japan Patent Office on Jan. 15, 2014,
the entire contents of which are hereby incorporated by
reference.
What is claimed is:
1. A display device comprising:
a first substrate;
a transistor over the first substrate;
an electrode layer electrically connected to the transistor;
a first insulating layer over the electrode layer;
a pixel electrode layer over the first insulating layer;
a second insulating layer over the pixel electrode layer;
a first coloring layer over the second insulating layer, the
first coloring layer overlapping with the electrode layer
and the pixel electrode layer; and
a second substrate over the first coloring layer,
wherein the first coloring layer includes a first opening,
and
wherein the second insulating layer is in contact with the
second substrate in the first opening.
2. The display device according to claim 1 further com-
prising a second coloring layer,
wherein the second coloring layer includes a second
opening, and
wherein an upper surface shape of the second opening is
different from an upper surface shape of the first
opening.
3. The display device according to claim 1,
wherein the pixel electrode layer is a reflective electrode
layer.
4. The display device according to claim 1,
wherein the transistor comprises a gate electrode layer, a
gate insulating layer and a semiconductor layer, the
gate electrode layer overlapping with the semiconduc-
tor layer,
wherein the gate insulating layer is provided between the
gate electrode layer and the semiconductor layer, and
wherein a source electrode layer and a drain electrode
layer are in contact with the gate insulating layer and
the semiconductor layer.
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5. The display device according to claim 4,

wherein the semiconductor layer comprises an oxide
semiconductor.

6. The display device according to claim 5,

wherein the oxide semiconductor includes an oxide rep-
resented by an In-M-Zn oxide containing at least
indium (In), zinc (Zn), and M, and

wherein M represents Al, Ga, Ge, Y, Zr, Sn, La, Ce, or Hf.

7. An electronic device comprising the display device

according to claim 1.
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