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(57) ABSTRACT

The display device includes a first substrate provided with a
driver circuit region that is located outside and adjacent to a
pixel region and includes at least one second transistor which
supplies a signal to the first transistor in each of the pixels in
the pixel region, a second substrate facing the first substrate,
a liquid crystal layer between the first substrate and the sec-
ond substrate, a first interlayer insulating film including an
inorganic insulating material over the first transistor and the
second transistor, a second interlayer insulating film includ-
ing an organic insulating material over the first interlayer
insulating film, and a third interlayer insulating film including
an inorganic insulating material over the second interlayer
insulating film. The third interlayer insulating film is pro-

GO2F 1/1368 (2006.01) vided in part of an upper region of the pixel region, and has an
HOIL 27/12 (2006.01) edge portion on an inner side than the driver circuit region.
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FIG. 10
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DISPLAY DEVICE AND ELECTRONIC
DEVICE INCLUDING THE DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a display device
using a liquid crystal panel or a display device using an
organic EL panel. The present invention further relates to an
electronic device including the display device.

BACKGROUND ART

[0002] TInrecent years, display devices using liquid crystal
panels and display devices using organic EL panels have been
under active development. These display devices are broadly
classified into display devices in which only a transistor for
pixel control (pixel transistor) is formed over a substrate and
a scanning circuit (driver circuit) is included in a peripheral
1C and display devices in which a scanning circuit is formed
over the same substrate as the pixel transistor.

[0003] A display device in which a driver circuit is inte-
grated with a pixel transistor is effective in reducing the frame
width of the display device or cost of the peripheral IC.
However, a transistor used in the driver circuit is required to
have better electrical characteristics (e.g., field-effect mobil-
ity (UFE) or threshold) than the pixel transistor.

[0004] A silicon-based semiconductor material is widely
known as a material for a semiconductor thin film applicable
to a transistor. As another material, an oxide semiconductor
material has been attracting attention. For example, a transis-
tor in which a semiconductor thin film is formed using an
amorphous oxide that contains indium (In), gallium (Ga), and
zinc (Zn) and has an electron carrier concentration lower than
10"%/cm? is disclosed (for example, see Patent Document 1).
[0005] A transistor using an oxide semiconductor for a
semiconductor layer has higher field-effect mobility than a
transistor using amorphous silicon which is a silicon-based
semiconductor material for a semiconductor layer. Hence, the
transistor using an oxide semiconductor can operate at high
speed and be suitably used for the display device in which a
pixel transistor is integrated with a driver circuit. Besides,
manufacturing steps of the transistor using an oxide semicon-
ductor are easier than those of a transistor using polycrystal-
line silicon for a semiconductor layer.

[0006] However, aproblem of the transistor using an oxide
semiconductor for a semiconductor layer is that entry of
impurities such as hydrogen or moisture into the oxide semi-
conductor generates carriers and changes electrical charac-
teristics of the transistor.

[0007] To solve the above problem, a transistor whose reli-
ability is improved by making the concentration of hydrogen
atoms in an oxide semiconductor film used as a channel
formation region of the transistor less than 1x10*® em™ is
disclosed (e.g., Patent Document 2).

REFERENCES

[0008] Patent Document 1: Japanese Published Patent
Application No. 2006-165528

[0009] Patent Document 2: Japanese Published Patent
Application No. 2011-139047

DISCLOSURE OF INVENTION

[0010] As also described in Patent Document 2, to suffi-
ciently maintain the electrical characteristics of the transistor
using an oxide semiconductor film for a semiconductor layer,
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it is important to remove hydrogen, moisture, and the like
from the oxide semiconductor film as much as possible.

[0011] Further, when transistors are used for both a pixel
region and a driver circuit region in a display device, an
electrical load on the transistor used for the driver circuit
region is larger than that on the transistor used for the pixel
region, although this depends on the driving method. Thus,
electrical characteristics of the transistor used for the driver
circuit region is important.

[0012] In particular, a problem with display devices in
which transistors using an oxide semiconductor film for a
semiconductor layer are used for the pixel region and the
driver circuit region has been deterioration of the transistor
used for the driver circuit region, which occurs in a reliability
test in a high temperature and high humidity environment.
The cause of the deterioration of the transistor is an increase
in the carrier density of the oxide semiconductor film used as
the semiconductor layer due to entry of moisture or the like
into the oxide semiconductor film from an organic insulating
film formed over the transistor.

[0013] In view of the above, an object of one embodiment
of the present invention is to suppress changes in the electrical
characteristics of a display device including transistors in a
pixel region and a driver circuit region and improve the reli-
ability of the display device. An object of one embodiment of
the present invention is, in particular, to suppress entry of
hydrogen or moisture into the oxide semiconductor film in a
display device using an oxide semiconductor film for a chan-
nel formation region of a transistor, suppress changes in the
electrical characteristics of the display device, and improve
its reliability.

[0014] To achieve any of the above objects, one embodi-
ment of the present invention provides a structure which can
suppress changes in the electrical characteristics of transis-
tors used for a pixel region and a driver circuit region in a
display device. Specifically, one embodiment of the present
invention provides a structure in which, an oxide semicon-
ductor film is used for a channel formation region of a tran-
sistor, and a planarization film formed with an organic insu-
lating material over the transistor has a characteristic
structure so that hydrogen or moisture hardly enters the oxide
semiconductor film, particularly the oxide semiconductor
film used for the driver circuit region. The structure is more
specifically described below.

[0015] One embodiment of the present invention is a dis-
play device including a pixel region where a plurality of
pixels each including a pixel electrode and at least one first
transistor electrically connected to the pixel electrode is
arranged, a first substrate provided with a driver circuit region
that is located outside and adjacent to the pixel region and
includes at least one second transistor which supplies a signal
to the first transistor included in each of the pixels in the pixel
region, a second substrate provided to face the first substrate,
a liquid crystal layer interposed between the first substrate
and the second substrate, a first interlayer insulating film
including an inorganic insulating material over the first tran-
sistor and the second transistor, a second interlayer insulating
film including an organic insulating material over the first
interlayer insulating film, and a third interlayer insulating film
including an inorganic insulating material over the second
interlayer insulating film. In the display device, the third
interlayer insulating film is provided in part of an upper
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region of the pixel region, and an edge portion of the third
interlayer insulating film is formed on an inner side than the
driver circuit region.

[0016] In the above structure, the following may be
included: a first alignment film over the pixel electrode; the
liquid crystal layer over the first alignment film; a second
alignment film over the liquid crystal layer; a counter elec-
trode over the second alignment film; an organic protective
insulating film over the counter electrode; a colored film and
a light-blocking film over the organic protective insulating
film; and the second substrate over the colored film and the
light-blocking film.

[0017] Another embodiment of the present invention is a
display device including a pixel region where a plurality of
pixels each including a pixel electrode and at least one first
transistor electrically connected to the pixel electrode is
arranged, a first substrate provided with a driver circuit region
that is located outside and adjacent to the pixel region and
includes at least one second transistor which supplies a signal
to the first transistor included in each of the pixels in the pixel
region, a second substrate provided to face the first substrate,
a light-emitting layer interposed between the first substrate
and the second substrate, a first interlayer insulating film
including an inorganic insulating material over the first tran-
sistor and the second transistor, a second interlayer insulating
film including an organic insulating material over the first
interlayer insulating film, and a third interlayer insulating film
including an inorganic insulating material over the second
interlayer insulating film. In the display device, the third
interlayer insulating film is provided in part of an upper
region of the pixel region, and an edge portion of the third
interlayer insulating film is formed on an inner side than the
driver circuit region.

[0018] In the above structure, the light-emitting layer over
the pixel electrode and an electrode over the light-emitting
layer may be included.

[0019] Further, in any of the above structures, the third
interlayer insulating film is preferably one selected from a
silicon nitride film, a silicon nitride oxide film, and an alumi-
num oxide film.

[0020] Further, in any of the above structures, a semicon-
ductor material included in a channel formation region of
each of the first transistor and the second transistor is prefer-
ably an oxide semiconductor. In addition, the first transistor
and the second transistor each preferably include a gate elec-
trode, a semiconductor layer including an oxide semiconduc-
tor over the gate electrode, and a source electrode and a drain
electrode over the semiconductor layer.

[0021] One embodiment of the present invention includes,
in its category, an electronic device including a display device
having any of the above structures.

[0022] Changes in the electrical characteristics of a display
device including transistors in a pixel region and a driver
circuit region can be suppressed, and the reliability of the
display device can be improved. In particular, entry of hydro-
gen or moisture into the oxide semiconductor film in a display
device using an oxide semiconductor film for a channel for-
mation region of a transistor can be suppressed, changes in
the electrical characteristics of the display device can be
suppressed, and its reliability can be improved.
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BRIEF DESCRIPTION OF DRAWINGS

[0023] In the accompanying drawings:
[0024] FIGS. 1A to 1C illustrate top views of one mode of
a display device;

[0025] FIG. 2 illustrates a cross section of one mode of a
display device;

[0026] FIG. 3illustrates a top view of one mode ofa display
device;

[0027] FIG. 4 illustrates a cross section of one mode of a
display device;

[0028] FIGS. 5A and 5B illustrate a circuit diagram and a

cross-sectional view ofan example of'a display device with an
image sensor according to one embodiment of the present
invention;

[0029] FIGS. 6A to 6C illustrate an example of a tablet
terminal according to one embodiment of the present inven-
tion,;

[0030] FIGS. 7A to 7C each illustrate an example of an
electronic device according to one embodiment of the present
invention;

[0031] FIG. 8 shows the ion intensity of released gas versus
mass-to-charge ratio;

[0032] FIG. 9 shows the ion intensity versus substrate sur-
face temperature for each mass-to-charge ratio;

[0033] FIG. 10 illustrates a cross-sectional image of an
observed sample; and

[0034] FIGS. 11A and 11B illustrate electrical characteris-
tics of samples.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0035] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings. However, the present invention is not limited to the
description below, and it is easily understood by those skilled
in the art that modes and details disclosed herein can be
modified in various ways without departing from the spirit
and the scope of the present invention. Therefore, the present
invention is not construed as being limited to description of
the embodiments.

[0036] In embodiments hereinafter described, the same
components may be denoted by the same reference numerals
throughout the drawings. Note that the thickness, the width, a
relative position, and the like of components, namely, layers,
regions, and the like illustrated in the drawings are exagger-
ated in some cases for clarification in the description of the
embodiment.

[0037] In this specification and the like, the term such as
“electrode” or “wiring” does not limit a function of a com-
ponent. Forexample, an “electrode” is sometimes used as part
of a “wiring”, and vice versa. Furthermore, the term “elec-
trode” or “wiring” can include the case where a plurality of
“electrodes” or “wirings” is formed in an integrated manner.
[0038] Further, in this specification or the like, a silicon
nitride oxide film is a film containing nitrogen, oxygen, and
silicon as its components and containing more nitrogen than
oxygen. Further, a silicon oxynitride film is a film containing
oxygen, nitrogen, and silicon as its components and contain-
ing more oxygen than nitrogen.

[0039] Functions of a “source” and a “drain” are sometimes
replaced with each other when a transistor of opposite polar-
ity is used or when the direction of current flowing is changed
in circuit operation, for example. Therefore, the terms
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“source” and “drain” can be used to denote the drain and the
source, respectively, in this specification and the like.

Embodiment 1

[0040] In this embodiment, a display device using a liquid
crystal panel is described as one mode of a display device
with reference to FIGS. 1A to 1C and FIG. 2.

[0041] FIGS. 1A to 1C illustrate top views of the display
device as one mode of a display device. Note that FIG. 1A,
FIG. 1B, and FIG. 1C illustrate top views of the whole display
device, part of a driver circuit portion of the display device,
and part of a pixel region, respectively. In addition, FIG. 2
corresponds to a cross-sectional view taken along the line
X1-Y1inFIG. 1A.

[0042] Inthedisplay deviceillustratedin FIG. 1A, a sealant
166 is provided so as to surround a pixel region 142, and gate
driver circuit portions 140 and a source driver circuit portion
144, which are driver circuit regions that are located outside
and adjacent to the pixel region 142 and supply signals to the
pixel region 142, which are provided over a first substrate
102; sealing is performed with a second substrate 152. The
second substrate 152 is provided so as to face the first sub-
strate 102 where the pixel region 142, the gate driver circuit
portions 140, and the source driver circuit portion 144 are
provided. Thus, the pixel region 142, the gate driver circuit
portions 140, and the source driver circuit portion 144 are
sealed together with a display element by the first substrate
102, the sealant 166, and the second substrate 152.

[0043] InFIG. 1A, a flexible printed circuit (FPC) terminal
portion 146 which is electrically connected to the pixel region
142, the gate driver circuit portions 140, and the source driver
circuit portion 144 is provided in a region that is different
from the region surrounded by the sealant 166, over the first
substrate 102. An FPC 148 is connected to the FPC terminal
portion 146. Signals and potentials applied to the pixel region
142, the gate driver circuit portions 140, and the source driver
circuit portion 144 are supplied through the FPC 148.
[0044] Although an example in which the gate driver circuit
portions 140 and the source driver circuit portion 144 are
formed over the first substrate 102 where the pixel region 142
is formed is shown in FIG. 1A, this structure does not limit the
present invention. For example, only the gate driver circuit
portions 140 may be formed over the first substrate 102 so that
an additionally provided substrate where a source driver cit-
cuit is formed (e.g., a driver circuit substrate formed using a
single crystal semiconductor film or a polycrystalline semi-
conductor film) is mounted on the first substrate 102.

[0045] Although a structure in which the two gate driver
circuit portions 140 are placed on both sides of the pixel
region 142 is exemplified in FIG. 1A, this structure does not
limit the present invention. For example, a gate driver circuit
portion 140 may be placed on only one side of the pixel region
142.

[0046] There is no particular limitation on a method of
connecting the additionally provided driver circuit substrate;
achip on glass (COG) method, a wire bonding method, a tape
automated bonding (TAB) method, or the like can be used. In
addition, the display device includes a panel in which a dis-
play element is sealed and a module in which an IC and the
like including a controller are mounted on the panel.

[0047] As described above, some or all of the driver circuits
which include transistors can be formed over the first sub-
strate 102 where the pixel region 142 is formed, so that a
system-on-panel can be obtained.
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[0048] InFIG.1C,a first transistor 101 and a capacitor 107
are formed in the pixel region 142. In the first transistor 101,
a gate electrode 104, a source electrode 110, and a drain
electrode 112 are electrically connected to a semiconductor
layer 108. Although not illustrated in the plan view in FIG.
1C, over the first transistor 101, a first interlayer insulating
film formed using an inorganic insulating material, a second
interlayer insulating film formed using an organic insulating
material over the first interlayer insulating film, and a third
interlayer insulating film formed using an inorganic insulat-
ing material over the second interlayer insulating film are
formed. The capacitor 107 includes a capacitor electrode 118,
the third interlayer insulating film formed over the capacitor
electrode 118, and a pixel electrode 122 formed over the third
interlayer insulating film.

[0049] In FIG. 1B, a second transistor 103 and a third
transistor 105 are formed in the gate driver circuit portion 140
whichisa driver circuit region. In each of the transistors in the
gate driver circuit portion 140, the gate electrode 104, the
source electrode 110, and the drain electrode 112 are electri-
cally connected to the semiconductor layer 108. In the gate
driver circuit portion 140, a gate line including the gate elec-
trode 104 extends in the horizontal direction, a source line
including the source electrode 110 extends in the vertical
direction, and a drain line including the drain electrode 112
extends in the vertical direction with a distance from the
source electrode.

[0050] The gate driver circuit portion 140 including the
second transistor 103 and the third transistor 105 can supply
asignal to the first transistor 101 included in each pixel of the
pixel region 142.

[0051] To control various signals, raise a voltage, and the
like, the second transistor 103 and the third transistor 105 in
the gate driver circuit portion 140 require a relatively high
voltage, specifically a voltage of about 10 V to 30 V. In
contrast, the first transistor 101 in the pixel region 142 is used
only for switching of a pixel and therefore can be driven at a
voltage of about several volts to 20 volts. Thus, a stress
applied to the second transistor 103 and the third transistor
105 in the gate driver circuit portion 140 is much larger than
a stress applied to the first transistor 101 in the pixel region
142.

[0052] To specifically describe a structure of the display
device illustrated in FIGS. 1A to 1C, structures of the gate
driver circuit portion 140 and the pixel region 142 are
described below using FIG. 2 corresponding to a cross-sec-
tional view along the line X1-Y1 in FIGS. 1A to 1C.

[0053] In the pixel region 142, the first transistor 101 is
formed with the first substrate 102, the gate electrode 104
formed over the first substrate 102, a gate insulating film 106
formed over the gate electrode 104, the semiconductor layer
108 which is in contact with the gate insulating film 106 and
provided to overlap with the gate electrode 104, the source
electrode 110 and the drain electrode 112 formed over the
gate insulating film 106 and the semiconductor layer 108.
[0054] In addition, the pixel region 142 includes a first
interlayer insulating film 114 formed using an inorganic insu-
lating material over the first transistor 101, specifically over
the gate insulating film 106, the semiconductor layer 108, the
source electrode 110, and the drain electrode 112, a second
interlayer insulating film 116 formed using an organic insu-
lating material over the first interlayer insulating film 114, the
capacitor electrode 118 formed over the second interlayer
insulating film 116, a third interlayer insulating film 120
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formed using an inorganic insulating material over the second
interlayer insulating film 116 and the capacitor electrode 118,
and the pixel electrode 122 formed over the third interlayer
insulating film 120.

[0055] Note that the capacitor 107 is formed with the
capacitor electrode 118, the third interlayer insulating film
120, and the pixel electrode 122. The capacitor electrode 118,
the third interlayer insulating film 120, and the pixel electrode
122 are preferably formed using a material having the prop-
erty of transmitting visible light, in which case large capaci-
tance can be ensured without reducing the aperture ratio of the
pixel region.

[0056] The pixel region 142 includes, over the pixel elec-
trode 122, a first alignment film 124, aliquid crystal layer 162
provided over the first alignment film 124, a second alignment
film 164 provided over the liquid crystal layer 162, a counter
electrode 158 provided over the second alignment film 164,
an organic protective insulating film 156 provided over the
counter electrode 158, a colored film 153 and a light-blocking
film 154 which are provided over the organic protective insu-
lating film 156, and the second substrate 152 provided over
the colored film 153 and the light-blocking film 154.

[0057] Note that a liquid crystal element 150 which is a
display element is formed with the pixel electrode 122, the
first alignment film 124, the liquid crystal layer 162, the
second alignment film 164, and the counter electrode 158.

[0058] In the gate driver circuit portion 140, the second
transistor 103 and the third transistor 105 are formed with the
first substrate 102, the gate electrode 104 formed over the first
substrate 102, the gate insulating film 106 formed over the
gate electrode 104, the semiconductor layer 108 which is in
contact with the gate insulating film 106 and provided to
overlap with the gate electrode 104, the source electrode 110
and the drain electrode 112 formed over the gate insulating
film 106 and the semiconductor layer 108.

[0059] In addition, the gate driver circuit portion 140
includes the first interlayer insulating film 114 formed over
the second transistor 103 and the third transistor 105, specifi-
cally over the gate insulating film 106, the semiconductor
layer 108, the source electrode 110, and the drain electrode
112, and the second interlayer insulating film 116 formed
over the first interlayer insulating film 114.

[0060] Thus, the third interlayer insulating film 120 is pro-
vided in part of'an upper region of the pixel region 142, and an
edge portion of the third interlayer insulating film 120 is
formed on an inner side than the gate driver circuit portion
140 which is a driver circuit region.

[0061] The above-described structure allows moisture
taken in from the outside or a gas of moisture, hydrogen, or
the like generated in the display device to be released to a
portion above the second interlayer insulating film 116 of the
gate driver circuit portion 140. Accordingly, it is possible to
suppress incorporation of a gas of moisture, hydrogen, or the
like into the first transistor 101, the second transistor 103, and
the third transistor 105.

[0062] Forthe second interlayer insulating film 116 formed
using an organic insulating material, an organic insulating
material with which the planarity is improved is needed so
that unevenness of the transistors included in the display
device or the like is reduced. This is because the reduction in
the unevenness of the transistors or the like leads to an
improvement of the display quality of the display device.
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However, when heating or the like is performed, the organic
insulating material releases hydrogen, moisture, or an organic
component as a gas.

[0063] Theabove-mentioned gas of hydrogen, moisture, or
an organic component is unlikely to be a great problem for a
transistor using a silicon film, which is a silicon-based semi-
conductor material, in the semiconductor layer 108, for
example. However, in one embodiment of the present inven-
tion, the semiconductor layer 108 is formed using an oxide
semiconductor film, and hence the gas from the second inter-
layer insulating film 116 formed using an organic insulating
material needs to be suitably released. Note that, when the
semiconductor layer 108 is formed using an oxide semicon-
ductor film, the structure in which an edge portion of the third
interlayer insulating film 120 is formed on an inner side than
the gate driver circuit portion 140 which is a driver circuit
region has an excellent effect. Further, a similar effect can
also be obtained in a transistor with the semiconductor layer
108 formed using a material (e.g., amorphous silicon or crys-
talline silicon which is a silicon-based semiconductor mate-
rial) other than an oxide semiconductor.

[0064] In this embodiment, the third interlayer insulating
film 120 formed using an inorganic insulating material over
the second interlayer insulating film 116 formed using an
organic insulating material is used as a dielectric of the
capacitor 107. Further, the third interlayer insulating film 120
formed using an inorganic insulating material can suppress
entry of hydrogen, moisture, or the like into the second inter-
layer insulating film 116 from the outside.

[0065] However, ifthe third interlayer insulating film 120 is
formed over the second interlayer insulating film 116 over the
second transistor 103 and the third transistor 105 which are
used for the gate driver circuit portion 140, the gas released
from the organic insulating material in the second interlayer
insulating film 116 carnot be dispersed into the outside and
enters the second transistor 103 and the third transistor 105.
[0066] When the above-described gas released from the
organic insulating material enters the oxide semiconductor
used in the semiconductor layer 108 of the transistors, the gas
is taken in as an impurity into the oxide semiconductor film.
This changes characteristics of the transistors using the semi-
conductor layer 108.

[0067] In contrast, in the structure as illustrated in FIG. 2
where the third interlayer insulating film 120 is holed over the
second transistor 103 and the third transistor 105 which are
used for the gate driver circuit portion 140, that is, the third
interlayer insulating film 120 is provided in part of the pixel
region 142 and an edge portion of the third interlayer insulat-
ing film 120 is formed on an inner side than the gate driver
circuit portion 140, the gas released from the second inter-
layer insulating film 116 can be dispersed into the outside.
[0068] Also in the first transistor 101 used for the pixel
region 142, as illustrated in FIG. 2, it is preferable to remove
a portion of the third interlayer insulating film 120 formed
using an inorganic insulating material, which overlaps with
the semiconductor layer 108. Such a structure can suppress
entry of the gas released from the second interlayer insulating
film 116 formed using an organic insulating material into the
first transistor 101.

[0069] Here, other components of the display device illus-
trated in FIGS. 1A to 1C and FIG. 2 are detailed below.
[0070] For the first substrate 102 and the second substrate
152, a glass material such as aluminosilicate glass, alumi-
noborosilicate glass, or barium borosilicate glass is used. In
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the mass production, for the first substrate 102 and the second
substrate 152, a mother glass with any of the following sizes
is preferably used: the 8-th generation (2160 mmx2460 mm),
the 9-th generation (2400 mmx2800 mm, or 2450 mmx3050
mm), the 10-th generation (2950 mmx3400 mm), and the
like. High process temperature and a long period of process
time drastically shrink the mother glass. Hence, in the case
where mass production is performed with the use of the
mother glass, it is preferable that the heat process in the
manufacturing process be preferably performed at a tempera-
ture lower than or equal to 600° C., further preferably lower
than or equal to 450° C., still further preferably lower than or
equal to 350° C.

[0071] Note that a base insulating film may be provided
between the first substrate 102 and the gate electrode 104. As
the base insulating film, a silicon oxide film, a silicon oxyni-
tride film, a silicon nitride film, a silicon nitride oxide film, a
gallium oxide film, a hafnium oxide film, an yttrium oxide
film, an aluminum oxide film, an aluminum oxynitride film,
and the like can be given as examples. Note that when a
silicon nitride film, a gallium oxide film, a hafnium oxide
film, an yttrium oxide film, an aluminum oxide film, or the
like is used as the base insulating film, it is possible to sup-
press entry of impurities such as an alkali metal, water, and
hydrogen from the first substrate 102 into the oxide semicon-
ductor layer 108.

[0072] For the gate electrode 104, a metal element selected
from aluminum, chromium, copper, tantalum, titanium,
molybdenum, and tungsten, an alloy containing any of these
metal elements as a component, an alloy containing these
metal elements in combination, or the like can be used. One or
both of the metal elements of manganese and zirconium may
be used. Further, the gate electrode 104 may have a single-
layer structure or a stacked-layer structure of two or more
layers. A single-layer structure of an aluminum film contain-
ing silicon, a two-layer structure in which a titanium film is
stacked over an aluminum 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 as examples. Alternatively, a
film, an alloy film, or a nitride film which contains aluminum
and one or more elements selected from titanium, tantalum,
tungsten, molybdenum, chromium, neodymium, and scan-
dium may be used.

[0073] The gate electrode 104 can also be formed using a
light-transmitting conductive material such as indium tin
oxide, indium oxide containing tungsten oxide, indium zinc
oxide containing tungsten oxide, indium oxide containing
titanium oxide, indium tin oxide containing titanium oxide,
indium zinc oxide, or indium tin oxide to which silicon oxide
is added. It is also possible to use a stacked-layer structure
formed using the above light-transmitting conductive mate-
rial and the above metal element.

[0074] Further, between the gate electrode 104 and the gate
insulating film 106, an In—Ga—Zn-based oxynitride semi-
conductor film, an In—Sn-based oxynitride semiconductor
film, an In—Ga-based oxynitride semiconductor film, an
In—Zn-based oxynitride semiconductor film, a Sn-based
oxynitride semiconductor film, an In-based oxynitride semi-
conductor film, a film of a metal nitride (such as InN or ZnN),
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or the like may be provided. These films each have a work
function higher than or equal to 5 eV, preferably higher than
or equal to 5.5 eV, which is higher than the electron affinity of
the oxide semiconductor. Hence, the threshold voltage of the
transistor using the oxide semiconductor can be shifted in the
positive direction, and a so-called normally-off switching
element can be achieved. For example, as an In—Ga—7n-
based oxynitride semiconductor film, an In—Ga—Zn-based
oxynitride semiconductor film having a higher nitrogen con-
centration than at least the semiconductor layer 108, specifi-
cally an In—Ga—Z7n-based oxynitride semiconductor film
having a nitrogen concentration higher than or equal to 7 at.
%, is used.

[0075] As the gate insulating film 106, a single layer or a
stacked layer of, for example, a silicon oxide film, a silicon
oxynitride film, a silicon nitride oxide film, a silicon nitride
film, an aluminum oxide film, a hafnium oxide film, a gallium
oxide film, a Ga—Zn-based metal oxide film, or the like can
be provided. To improve the properties of the interface with
the semiconductor layer 108, at least a region of the gate
insulating film 106, which is in contact with the semiconduc-
tor layer 108, is preferably formed with an oxide insulating
film.

[0076] Further, by providing an insulating film having a
blocking effect against oxygen, hydrogen, water, and the like
over the gate insulating film 106, it is possible to prevent
outward diffusion of oxygen from the semiconductor layer
108 and entry of hydrogen, water, or the like into the semi-
conductor layer 108 from the outside. For the insulating film
having a blocking effect against oxygen, hydrogen, water,
and the like, an aluminum oxide film, an aluminum oxynitride
film, a gallium oxide film, a gallium oxynitride film, an
yttrium oxide film, an yttrium oxynitride film, a hafnium
oxide film, and a hafnium oxynitride film can be given as
examples.

[0077] The gate insulating film 106 can be formed as a gate
insulating film which has few defects and releases less hydro-
gen and less ammonia, when formed to have a stacked struc-
ture in which a silicon nitride film having few defects is used
as a first silicon nitride film, a silicon nitride film which
releases less hydrogen and less ammonia is provided as a
second silicon nitride film over the first silicon nitride film,
and an oxide insulating film is provided over the second
silicon nitride film. Thus, transfer of hydrogen and nitrogen,
which are contained in the gate insulating film 106, to the
semiconductor layer 108 can be suppressed.

[0078] Theuseofasilicon nitride film as the gate insulating
film 106 has the following effect. As compared with a silicon
oxide film, a silicon nitride film has a high dielectric constant
and needs a large thickness to obtain an equivalent capaci-
tance. Thus, the physical thickness of the gate insulating film
can be increased. Accordingly, a reduction in the withstand
voltages of the first transistor 101, the second transistor 103,
and the third transistor 105 is suppressed and the withstand
voltages are improved, so that an electrostatic breakdown of
the transistors used for the display device can be suppressed.

[0079] Further, in the case where copper is used for the gate
electrode 104 and a silicon nitride film is used as the gate
insulating film 106 in contact with the gate electrode 104, the
number of the ammonia molecules released from the silicon
nitride film by heating is preferably reduced as much as
possible so that reaction between copper and the ammonia
molecules can be suppressed.
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[0080] In the transistor using an oxide semiconductor film
for the semiconductor layer 108, the trap level (also referred
to as interface level) at the interface between the oxide semi-
conductor film and the gate insulating film or in the gate
insulating film shifts the threshold voltage of the transistor
typically in the negative direction, and increases the sub-
threshold swing (S value), which refers to a gate voltage
needed for changing the drain current by an order of magni-
tude when the transistor is turned on. This results in the
problem of variation in the electrical characteristics among
transistors. Therefore, with the use of a silicon nitride film
having few defects as the gate insulating film, the shift of the
threshold voltage in the negative direction and the variation in
the electrical characteristics among transistors can be
reduced.

[0081] The gate insulating film 106 may be formed using a
high-k material such as hafnium silicate (HfSi0,), hafnium
silicate to which nitrogen is added (HfSi,O N,), hafnium
aluminate to which nitrogen is added (HfAl, O N, ), hafnium
oxide, or yttrium oxide, so that gate leakage of the transistor
can be reduced.

[0082] Thethickness of the gate insulating film 106 is pref-
erably greater than or equal to 5 nm and less than or equal to
400 nm, more preferably greater than or equal to 10 nm and
less than or equal to 300 nm, still more preferably greater than
or equal to 50 nm and less than or equal to 250 nm.

[0083] An oxide semiconductor is used for the semicon-
ductor layer 108, which preferably contains at least indium
(In)or zinc (Zn) or both In and Zn. In order to reduce variation
in the electrical characteristics among the transistors using
the oxide semiconductor, the oxide semiconductor preferably
contains one or more of stabilizers in addition to In or Zn.

[0084] Examples ofthe stabilizerare gallium (Ga), tin (Sn),
hafnium (Hf), aluminum (Al), zirconium (Zr), and the like.
Another examples of the stabilizer are lanthanoids such as
lanthanum (La), cerium (Ce), praseodymium (Pr), neody-
mium (Nd), samarium (Sm), europium (Eu), gadolinium
(Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium
(Er), thulium (Tm), ytterbium (Yb), and lutetium (Lu).

[0085] As the oxide semiconductor, for example, any of the
following can be used: indium oxide, tin oxide, zinc oxide, an
In—Z7n-based metal oxide, a Sn—Zn-based metal oxide, an
Al—Z7n-based metal oxide, a Zn—Mg-based metal oxide, a
Sn—Mg-based metal oxide, an In—Mg-based metal oxide,
an In—Ga-based metal oxide, an In—W-based metal oxide,
an In—Ga—7n-based metal oxide (also referred to as IGZ0),
an In—Al—7Zn-based metal oxide, an In—Sn—Zn-based
metal oxide, a Sn—Ga—Zn-based metal oxide, an Al—Ga—
Zn-based metal oxide, a Sn—Al—7Zn-based metal oxide, an
In—Hf—Zn-based metal oxide, an In—La—~Zn-based metal
oxide, an In—Ce—7n-based metal oxide, an In—Pr—7Zn-
based metal oxide, an In—Nd—Zn-based metal oxide, an
In—Sm—7n-based metal oxide, an In—FEu—Zn-based
metal oxide, an In—Gd—Zn-based metal oxide, an
In—Tbh—Zn-based metal oxide, an In—Dy—Zn-based
metal oxide, an In—Ho—Zn-based metal oxide, an In—Fr—
Zn-based metal oxide, an In—Tm—Zn-based metal oxide, an
In—Yb—Zn-based metal oxide, an In—Lu—Zn-based
metal oxide, an In—Sn—Ga—Zn-based metal oxide, an
In—Hf—Ga—Zn-based metal oxide, an In—Al—Ga—7n-
based metal oxide, an In—Sn—Al—Zn-based metal oxide,
an In—Sn—Hf—Z7n-based metal oxide, and an In—Hf—
Al—Zn-based metal oxide.
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[0086] Note that, for example, an In—Ga—Zn-based metal
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—Zn-based metal oxide may
contain a metal element other than In, Ga, and Zn.

[0087] Alternatively, a material represented by InMO,
(Zn0),, (m is larger than 0 and not an integer) may be used as
the oxide semiconductor. Note that M represents one or more
metal elements selected from Ga, Fe, Mn, and Co. Alterna-
tively, as the oxide semiconductor, a material represented by
In,Sn04(7Zn0),, (1 is an integer greater than 0) may be used.
[0088] For example, it is possible to use an In—Ga—7n-
based metal oxide containing In, Ga, and Zn at an atomic ratio
of 1:1:1 (=1/3:1/3:1/3), 2:2:1 (=2/5:2/5:1/5), or 3:1:2 (=1/2:
1/6:1/3), or any of oxides whose composition is in the neigh-
borhood of the above compositions. Alternatively, an
In—Sn—7n-based metal oxide containing In, Sn, and Zn at
an atomic ratio of 1:1:1 (=1/3:1/3:1/3), 2:1:3 (=1/3:1/6:1/2),
or 2:1:5 (=1/4:1/8:5/8) may be used. Note that the proportion
of each atom in the atomic ratio of the oxide semiconductor
film may vary within a range of £20% as an error.

[0089] However, the composition is not limited to those
described above, and a material having the appropriate com-
position may be used depending on required semiconductor
characteristics and electrical characteristics (e.g., field-effect
mobility, threshold voltage, and variation). In order to obtain
required semiconductor characteristics, it is preferable that
the carrier density, the impurity concentration, the defect
density, the atomic ratio of a metal element to oxygen, the
interatomic distance, the density, and the like be set appro-
priate.

[0090] For example, high mobility can be obtained rela-
tively easily in the case where an In—Sn—Z7n-based metal
oxide is used. Also in the case where an In—Ga—Zn-based
metal oxide is used, the field-effect mobility can be increased
by reducing the defect density in a bulk.

[0091] Further, the energy gap of a metal oxide that can be
used for the semiconductor layer 108 is greater than or equal
to 2 eV, preferably greater than or equal to 2.5 eV, more
preferably greater than or equal to 3 eV. With the oxide
semiconductor film having such a wide energy gap, the off-
state current of the transistor can be reduced.

[0092] Next, a structure of the oxide semiconductor film
that can be used as the semiconductor layer 108 is described
below.

[0093] An oxide semiconductor film is roughly classified
into a non-single-crystal oxide semiconductor film and a
single-crystal oxide semiconductor film. The non-single-
crystal oxide semiconductor film includes any of a c-axis
aligned crystalline oxide semiconductor (CAAC-OS) film, a
polycrystalline oxide semiconductor film, a microcrystalline
oxide semiconductor film, an amorphous oxide semiconduc-
tor film, and the like.

[0094] Here, the CAAC-OS film is described.

[0095] The CAAC-OS film is one of oxide semiconductor
films including a plurality of crystal parts, and most of each
crystal part fits inside a cube whose one side is less than 100
nm. Thus, there is a case where a crystal part included in the
CAAC-OS film fits a cube whose one side is less than 10 nm,
less than 5 nm, or less than 3 nm.

[0096] Inatransmission electron microscope (TEM) image
of the CAAC-OS film, a boundary between crystal parts, that
is, a grain boundary is not clearly confirmed. Thus, in the
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CAAC-OS film, a reduction in electron mobility due to the
grain boundary is less likely to occur.

[0097] According to the TEM image of the CAAC-OS film
observed in a direction substantially parallel to a sample
surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each metal
atom layer has a morphology reflected by a surface over
which the CAAC-OS film is formed (hereinafter, a surface
over which the CAAC-OS film is formed is referred to as a
formation surface) or a top surface of the CAAC-OS film, and
is arranged in parallel to the formation surface or the top
surface of the CAAC-OS film.

[0098] On the other hand, according to the TEM image of
the CAAC-OS film observed in a direction substantially pet-
pendicular to the sample surface (plan TEM image), metal
atoms are arranged in a triangular or hexagonal configuration
in the crystal parts. However, there is no regularity of arrange-
ment of metal atoms between different crystal parts.

[0099] In this specification, a term “parallel” indicates that
the angle formed between two straight lines is greater than or
equal to —10° and less than or equal to 10°, and accordingly
also includes the case where the angle is greater than or equal
to =5° and less than or equal to 5°. In addition, a term “pet-
pendicular” indicates that the angle formed between two
straight lines is greater than or equal to 80° and less than or
equal to 100°, and accordingly includes the case where the
angle is greater than or equal to 85° and less than or equal to
95°.

[0100] From the results of the cross-sectional TEM image
and the plan TEM image, alignment is found in the crystal
parts in the CAAC-OS film.

[0101] A CAAC-OS film is subjected to structural analysis
with an X-ray diffraction (XRD) apparatus. For example,
when the CAAC-OS film including an InGaZnO, crystal is
analyzed by an out-of-plane method, a peak appears fre-
quently when the diffraction angle (26) is around 31°. This
peak is derived from the (009) plane of the InGaZnO, crystal,
which indicates that crystals in the CAAC-OS film have
c-axis alignment, and that the c-axes are aligned in a direction
substantially perpendicular to the formation surface or the top
surface of the CAAC-OS film.

[0102] On the other hand, when the CAAC-OS film is ana-
lyzed by an in-plane method in which an X-ray enters a
sample in a direction perpendicular to the c-axis, a peak
appears frequently when 20 is around 56°. This peak is
derived from the (110) plane of the InGaZnQO, crystal. Here,
analysis (¢ scan) is performed under conditions where the
sample 1s rotated around a normal vector of a sample surface
as an axis (¢ axis) with 20 fixed at around 56°. In the case
where the sample is a single-crystal oxide semiconductor film
of InGaZnO,, six peaks appear. The six peaks are derived
from crystal planes equivalent to the (110) plane. On the other
hand, in the case of a CAAC-OS film, a peak is not clearly
observed even when ¢ scan is performed with 20 fixed at
around 56°.

[0103] According to the above results, in the CAAC-OS
film having c-axis alignment, while the directions of a-axes
and b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a forma-
tion surface or a normal vector of a top surface. Thus, each
metal atom layer arranged in a layered manner observed in the
cross-sectional TEM image corresponds to a plane parallel to
the a-b plane of the crystal.
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[0104] Note that the crystal part is formed concurrently
with deposition of the CAAC-OS film or is formed through
crystallization treatment such as heat treatment. As described
above, the c-axis of the crystal is aligned in a direction parallel
to anormal vector ofa formation surface or a normal vector of
atop surface of the CAAC-OS film. Thus, for example, in the
case where a shape of the CAAC-OS film is changed by
etching or the like, the c-axis might not be necessarily parallel
to anormal vector ofa formation surface or a normal vector of
a top surface of the CAAC-OS film.

[0105] Further, the degree of crystallinity in the CAAC-OS
film is not necessarily uniform. For example, in the case
where crystal growth leading to the CAAC-OS film occurs
from the vicinity of the top surface of the film, the degree of
the crystallinity in the vicinity of the top surface is higher than
that in the vicinity of the formation surface in some cases.
Further, when an impurity is added to the CAAC-OS film, the
crystallinity in a region to which the impurity is added is
changed, and the degree of crystallinity in the CAAC-OS film
varies depends on regions.

[0106] Note that when the CAAC-OS film with an
InGaZnO, crystal is analyzed by an out-of-plane method, a
peak of 260 may also be observed at around 36°, in addition to
the peak of 26 at around 31°. The peak of 26 at around 36° is
derived from the (311) plane of a ZnGa,O,, crystal; such a
peak indicates thata ZnGa,O, crystal is included in part of the
CAAC-OS film including the InGaZnO, crystal. It is prefer-
able that in the CAAC-OS film, a peak of 20 appear at around
31° and a peak of 26 do not appear at around 36°.

[0107] The CAAC-OS film is an oxide semiconductor film
having a low impurity concentration. The impurity is any of
elements which are not the main components of the oxide
semiconductor film and includes hydrogen, carbon, silicon, a
transition metal element, and the like. In particular, an ele-
ment (e.g., silicon) which has higher bonding strength with
oxygen than a metal element included in the oxide semicon-
ductor film causes disorder of atomic arrangement in the
oxide semiconductor film because the element deprives the
oxide semiconductor film of oxygen, thereby reducing crys-
tallinity. Further, a heavy metal such as iron or nickel, argon,
carbon dioxide, and the like have a large atomic radius (or
molecular radius); therefore, when any of such elements is
contained in the oxide semiconductor film, the element
causes disorder of the atomic arrangement of the oxide semi-
conductor film, thereby reducing crystallinity. Note that the
impurity contained in the oxide semiconductor film might
become a carrier trap or a source of carriers.

[0108] The CAAC-OS film is an oxide semiconductor film
having a low density of defect states. For example, oxygen
vacancies in the oxide semiconductor film serve as carrier
traps or serve as carrier generation sources when hydrogen is
captured therein.

[0109] Thestatein which impurity concentration is low and
density of defect states is low (few oxygen vacancies) is
referred to as “highly purified intrinsic” or “substantially
highly purified intrinsic”. A highly purified intrinsic or sub-
stantially highly purified intrinsic oxide semiconductor film
has few carrier generation sources, and thus has a low carrier
density. Thus, a transistor using the oxide semiconductor film
rarely has a negative threshold voltage (rarely has normally-
on characteristics). A highly purified intrinsic or substantially
highly purified intrinsic oxide semiconductor film has few
carrier traps. Accordingly, the transistor using the oxide semi-
conductor film little changes in electrical characteristics and
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high reliability. Note that charges trapped by the carrier traps
in the oxide semiconductor film takes a long time to be
released and may behave like fixed charges. Thus, the tran-
sistor using the oxide semiconductor film with a high impu-
rity concentration and a high density of defect states has
unstable electrical characteristics in some cases.

[0110] In a transistor using the CAAC-OS film, change in
electrical characteristics due to irradiation with visible light
or ultraviolet light is small.

[0111] For example, the CAAC-OS film is formed with a
polycrystalline oxide semiconductor sputtering target by a
sputtering method. When ions collide with the sputtering
target, a crystal region included in the sputtering target may
be separated from the target along an a-b plane, and a sput-
tered particle having a plane parallel to the a-b plane (a
flat-plate-like sputtered particle or a pellet-like sputtered par-
ticle) may be separated from the target. In that case, the
flat-plate-like sputtered particle reaches a substrate while
keeping its crystal state, so that the CAAC-OS film can be
formed over the substrate.

[0112] For the formation of the CAAC-OS film, the follow-
ing conditions are preferably used.

[0113] By reducing the amount of impurities entering the
CAAC-OS film during the deposition, the crystal state can be
prevented from being broken by the impurities. For example,
the concentration of impurities (e.g., hydrogen, water, carbon
dioxide, or nitrogen) which exist in the deposition chamber
may be reduced. Furthermore, the concentration of impurities
in a deposition gas may be reduced. Specifically, a deposition
gas whose dew point is —=80° C. or lower, preferably -100° C.
or lower is used.

[0114] By increasing the substrate heating temperature dur-
ing the deposition, migration of a sputtered particle occurs
after the sputtered particle reaches the substrate. Specifically,
the substrate heating temperature during the deposition is
100° C. to 740° C., preferably 150° C. to 500° C. By increas-
ing the substrate heating temperature during the deposition,
when the flat-plate-like sputtered particle reaches the sub-
strate, migration occurs on the substrate, so that a flat plane of
the sputtered particle is attached to the substrate.

[0115] Furthermore, it is preferable to reduce plasma dam-
age during the deposition by increasing the proportion of
oxygen in the deposition gas and optimizing power. The
proportion of oxygen in the deposition gas is 30 vol % or
higher, preferably 100 vol %.

[0116] Alternatively, the oxide semiconductor film used as
the semiconductor layer 108 may have a stacked-layer struc-
ture of a plurality of oxide semiconductor films. For example,
the oxide semiconductor film may have a stacked-layer struc-
ture of a first oxide semiconductor film and a second oxide
semiconductor film which are formed using metal oxides
with different compositions. For example, the first oxide
semiconductor film may be formed using any of a two-com-
ponent metal oxide, a three-component metal oxide, and a
four-component metal oxide, while the second oxide semi-
conductor film is formed using any of these which is different
from the oxide for the first oxide semiconductor film.

[0117] Further, the constituent elements of the first oxide
semiconductor film and the second oxide semiconductor film
may be made the same while the composition of the constitu-
ent elements of the first oxide semiconductor film and the
second oxide semiconductor film is made different. For
example, the first oxide semiconductor film may contain In,
Ga, and Zn at an atomic ratio of 1:1:1, while the second oxide
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semiconductor film contains In, Ga, and Zn at an atomic ratio
of3:1:2. Alternatively, the first oxide semiconductor film may
contain In, Ga, and Zn at an atomic ratio of 1:3:2, while the
second oxide semiconductor film contains In, Ga, and Zn at
an atomic ratio of 2:1:3. Note that the proportion of each atom
in the atomic ratio of the oxide semiconductor film varies
within a range of +20% as an error.

[0118] At this time, one of the first oxide semiconductor
film and the second oxide semiconductor film, which is closer
to the gate electrode (on the channel side), preferably contains
In and Ga such that In>Ga. The other oxide semiconductor
film, which is farther from the gate electrode (on the back
channel side), preferably contains In and Ga such that In<Ga.
[0119] Further, the oxide semiconductor film may have a
three-layer structure of a first oxide semiconductor film, a
second oxide semiconductor film, and a third oxide semicon-
ductor film, in which the constituent elements thereof may be
made the same, while the composition of the constituent
elements of the first oxide semiconductor film, the second
oxide semiconductor film, and the third oxide semiconductor
film is made different. For example, the first oxide semicon-
ductor film may contain In, Ga, and Zn at an atomic ratio of
1:3:2, the second oxide semiconductor film may contain In,
Ga, and Zn at an atomic ratio of 3:1:2, and the third oxide
semiconductor film may contain In, Ga, and Zn at an atomic
ratio of 1:1:1.

[0120] In an oxide semiconductor film which contains less
In than Ga and Zn at an atomic ratio, typically, the first oxide
semiconductor film containing In, Ga, and Zn at an atomic
ratio of 1:3:2, generation of oxygen vacancies can be more
inhibited than in an oxide semiconductor film containing
more In than Ga and Zn at an atomic ratio, typically, the
second oxide semiconductor film, and an oxide semiconduc-
tor film containing Ga, Zn, and In at the same atomic ratio,
typically, the third oxide semiconductor film, and accord-
ingly, an increase in carrier density can be suppressed. Fur-
ther, when the first oxide semiconductor film containing In,
Ga, and Zn at an atomic ratio of 1:3:2 has an amorphous
structure, the second oxide semiconductor film is likely to be
a CAAC-OS film.

[0121] Since the constituent elements of the first oxide
semiconductor film, the second oxide semiconductor film,
and the third oxide semiconductor film are the same, the first
oxide semiconductor film has fewer trap levels at the interface
with the second oxide semiconductor film. Therefore, when
the oxide semiconductor film has the above structure, the
amount of change in the threshold voltage of the transistor
due to a change over time or photodegradation can be
reduced.

[0122] In an oxide semiconductor, the s orbital of heavy
metal mainly contributes to carrier transfer, and when the In
content in the oxide semiconductor is increased, overlap of
the s orbitals is likely to be increased. Therefore, an oxide
containing In and Ga such that In>Ga has higher carrier
mobility than an oxide containing In and Ga such that In<Ga.
Further, in Ga, the formation energy of an oxygen vacancy is
larger and thus an oxygen vacancy is less likely to occur, than
in In; therefore, the oxide containing In and Ga such that
In=Ga has more stable characteristics than the oxide contain-
ing In and Ga such that In>Ga.

[0123] By theuse of an oxide semiconductor containing In
and Ga such that In>Ga for the oxide semiconductor film on
the channel side and an oxide semiconductor containing In
and Ga such that In=Ga for the oxide semiconductor film on
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the back channel side, the field-effect mobility and reliability
of the transistor can be further improved.

[0124] Further, the first oxide semiconductor film, the sec-
ond oxide semiconductor film, and the third oxide semicon-
ductor film may be formed using oxide semiconductors hav-
ing different crystallinity. In other words, the oxide
semiconductor films may be formed using appropriate com-
bination of a single crystal oxide semiconductor, a polycrys-
talline oxide semiconductor, a microcrystalline oxide semi-
conductor, an amorphous oxide semiconductor, and a CAAC-
OS. When an amorphous oxide semiconductor is applied to
the first oxide semiconductor film or the second oxide semi-
conductor film, internal stress of the oxide semiconductor
film or external stress is reduced, change in characteristics of
the transistor is reduced, and reliability of the transistor can be
further improved.

[0125] The thickness of the oxide semiconductor film is
preferably greater than or equal to 1 nm and less than or equal
to 100 nm, more preferably greater than or equal to 1 nm and
less than or equal to 30 nm, still more preferably greater than
or equal to 1 nm and less than or equal to 50 nm, further
preferably greater than or equal to 3 nm and less than or equal
to 20 nm.

[0126] The concentration of an alkali metal or an alkaline
earth metal in the oxide semiconductor film used for the
semiconductor layer 108, which is obtained by secondary ion
mass spectrometry (SIMS), is preferably less than or equal to
1x10'®* atoms/cm®, more preferably less than or equal to
2%x10'S atoms/cm®. This is because, when alkali metals or
alkaline earth metals are bonded to an oxide semiconductor,
some of the alkali metals or the alkaline earth metals generate
carriers to increase the off-state current of the transistor.
[0127] Further, the hydrogen concentration in the oxide
semiconductor film used for the semiconductor layer 108,
which is obtained by secondary ion mass spectrometry, is
lower than 5x10'® atoms/cm?, preferably less than or equal to
1x10'® atoms/cm®, more preferably less than or equal to
5%x10"7 atoms/cm?, still more preferably less than or equal to
1x10" atoms/cm?,

[0128] Hydrogen contained in the oxide semiconductor
film reacts with oxygen bonded to a metal atom to produce
water, and a defect is formed in a lattice from which oxygen
is released (or a portion from which oxygen is removed). In
addition, when part of hydrogen is bonded to oxygen, elec-
trons serving as carriers are generated. Thus, by reducing
impurities including hydrogen as much as possible in the step
of forming the oxide semiconductor film, the hydrogen con-
centration in the oxide semiconductor film can be reduced.
Hence, by using an oxide semiconductor film in which hydro-
gen is removed as much as possible in the channel region, a
shift of the threshold voltage in the negative direction can be
suppressed and variation in electrical characteristics can be
reduced. Further, leakage current between a source and a
drain of the transistor, typically off-state current, can be
reduced.

[0129] Furthermore, the nitrogen concentration in the
oxide semiconductor film used for the semiconductor layer
108 is set to be less than or equal to 5x10'® atoms/cm?, which
can suppress a shift of the threshold voltage in the negative
direction and reduce variation in electrical characteristics.
[0130] Note that various experiments can prove the low
off-state current of a transistor using an oxide semiconductor
film which is highly purified by removing hydrogen as much
as possible for a channel region. For example, even a transis-
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tor with a channel width of 1x10° pm and a channel length of
10 um can have an off-state current less than or equal to the
measurement limit of a semiconductor parameter analyzer,
thatis, less than orequal to 1x107'* A when the voltage (drain
voltage) between a source electrode and a drain electrode
ranges between 1 V and 10 V. In this case, it can be seen that
the off-state current corresponding to a value obtained by
dividing the off-state current by the channel width of the
transistor is 100 zA/mm or less. In addition, a capacitor and a
transistor were connected to each other and the off-state cur-
rent was measured with a circuit in which charge flowing into
or from the capacitor was controlled by the transistor. In the
measurements, a highly purified oxide semiconductor film
was used for a channel region of the transistor, and the off-
state current of the transistor was measured from a change in
the amount of charge of the capacitor per unit time. As a
result, it was found that in the case where the voltage between
the source electrode and the drain electrode of the transistor
was 3V, a lower off-state current of several tens of yoctoam-
peres per micrometer (YA/um) was able to be obtained. Thus,
the transistor whose channel region is formed using a highly
purified oxide semiconductor film has a very low off-state
current.

[0131] The source electrode 110 and the drain electrode
112 are formed to have a single-layer structure or a stacked-
layer structure including, as a conductive material, any of
metals such as aluminum, titanium, chromium, nickel, cop-
per, yttrium, zirconium, molybdenum, silver, tantalum, and
tungsten or an alloy containing any of these metals as its main
component. The following structures can be given as
examples: a single-layer structure of an aluminum film con-
taining silicon; a two-layer structure in which a titanium film
is stacked over an aluminum film; a two-layer structure in
which a titanium film is stacked over a tungsten film; a two-
layer structure in which a copper film is formed over a copper-
magnesium-aluminum alloy film; a three-layer structure in
which a titanium film or a titanium nitride film, an aluminum
film or a copper film, and a titanium film or a titanium nitride
film are stacked in this order; and a three-layer structure in
which a molybdenum film or a molybdenum nitride film, an
aluminum film or a copper film, and a molybdenum film or a
molybdenum nitride film are stacked in this order; and the
like. Note that a transparent conductive material containing
indium oxide, tin oxide, or zinc oxide may be used.

[0132] The source electrode 110 and the drain electrode
112 are provided over the semiconductor layer 108 in this
embodiment but may be provided between the gate insulating
film 106 and the semiconductor layer 108.

[0133] As the first interlayer insulating film 114, an oxide
insulating film is preferably used so as to improve character-
istics of the interface with the oxide semiconductor film used
for the semiconductor layer 108. As the first interlayer insu-
lating film 114, a silicon oxide film, a silicon oxynitride film,
an aluminum oxide film, a hafhium oxide film, a gallium
oxide film, a Ga—Zn-based metal oxide film, or the like
having a thickness greater than or equal to 150 nm and less
than or equal to 400 nm can be used. The first interlayer
insulating film 114 may have a stacked-layer structure of an
oxide insulating film and a nitride insulating film. For
example, the first interlayer insulating film 114 can have a
stacked-layer structure of a silicon oxynitride film and a sili-
con nitride film.

[0134] For the second interlayer insulating film 116, an
organic insulating material having heat resistance such as an
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acrylic-based resin, a polyimide-based resin, a benzocy-
clobutene-based resin, a polyamide-based resin, or an epoxy-
based resin can be used. Note that the second interlayer insu-
lating film 116 may be formed by stacking a plurality of
insulating films formed using any of these materials. With the
use of the second interlayer insulating film 116, the uneven-
ness of the first transistor 101 and the like can be reduced.
[0135] The capacitor electrode 118 can be formed using a
light-transmitting conductive material such as indium oxide
containing tungsten oxide, indium zinc oxide containing
tungsten oxide, indium oxide containing titanium oxide,
indium tin oxide containing titanium oxide, indium tin oxide
(hereinafter referred to as ITO), indium zinc oxide, or indium
tin oxide to which silicon oxide is added.

[0136] As the third interlayer insulating film 120, an inor-
ganic insulating material such as a silicon oxide film, a silicon
oxynitride film, a silicon nitride oxide film, a silicon nitride
film, or an aluminum oxide film can beused. In particular, one
selected from a silicon nitride film, a silicon nitride oxide
film, and an aluminum oxide film is preferably used as the
third interlayer insulating film 120. By use of one selected
from a silicon nitride film, a silicon nitride oxide film, and an
aluminum oxide film as the third interlayer insulating film
120, release of hydrogen or moisture from the second inter-
layer insulating film 116 can be suppressed.

[0137] As the pixel electrode 122, a material similar to that
of the capacitor electrode 118 can be used. Although materi-
als of the capacitor electrode 118 and the pixel electrode 122
may be the same or different, the use of the same materials is
preferred, in which case manufacturing cost can be reduced.
[0138] For the first alignment film 124 and the second
alignment film 164, an organic material having heat resis-
tance such as an acrylic-based resin, a polyimide-based resin,
a benzocyclobutene-based resin, a polyamide-based resin, or
an epoxy-based resin can be used.

[0139] For the liquid crystal layer 162, a liquid crystal
material such as thermotropic liquid crystal, low-molecular
liquid crystal, high-molecular liquid crystal, polymer dis-
persed liquid crystal, ferroelectric liquid crystal, or anti-fer-
roelectric liquid crystal can be used. Such a liquid crystal
material exhibits a cholesteric phase, a smectic phase, a cubic
phase, a chiral nematic phase, an isotropic phase, or the like
depending on conditions.

[0140] Alternatively, in the case of employing a horizontal
electric field mode, liquid crystal exhibiting a blue phase for
which an alignment film (the first alignment film 124 or the
second alignment film 164) is unnecessary may be used. A
blue phase is one of liquid crystal phases, which is generated
justbefore a cholesteric phase changes into an isotropic phase
while temperature of cholesteric liquid crystal is increased.
Since the blue phase appears only in a narrow temperature
range, a liquid crystal composition in which several weight
percent or more of a chiral material is mixed is used for the
liquid crystal layer in order to improve the temperature range.
The liquid crystal composition which includes liquid crystal
exhibiting a blue phase and a chiral material has a short
response time, and has optical isotropy, which makes the
alignment process unneeded and the viewing angle depen-
dence small. In addition, since an alignment film does not
need to be provided and rubbing treatment is unnecessary,
electrostatic discharge damage caused by the rubbing treat-
ment can be prevented and defects and damage of the liquid
crystal display device can be reduced in the manufacturing
process. Thus, the liquid crystal display device can be manu-
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factured with improved productivity. A transistor using an
oxide semiconductor film has a possibility that the electrical
characteristics of the transistor may be significantly changed
by the influence of static electricity and deviate from the
designed range. Therefore, it is more effective to use a liquid
crystal material exhibiting a blue phase for a liquid crystal
display device including a transistor using an oxide semicon-
ductor film.

[0141] The specific resistivity of the liquid crystal material
is higher than or equal to 1x10° Q-cm, preferably higher than
or equal to 1x10"* ©-cm, further preferably higher than or
equal to 1x10"2 ©-cm. Note that the specific resistivity in this
specification is measured at a temperature of 20° C.

[0142] Thesize ofa storage capacitor formed in the display
device is set considering the leakage current of the transistor
provided in the pixel region or the like so that charge can be
held for a predetermined period. The size of the storage
capacitor can be set considering the off-state current of the
transistor or the like. In the case where a transistor including
an oxide semiconductor layer which is highly purified and in
which formation of an oxygen vacancy is inhibited is used
and, for example, a liquid crystal element is used as the
display element, a storage capacitor having a capacitance that
is V5 or less, preferably Y5 or less of the liquid crystal capaci-
tance of each pixel is sufficient.

[0143] It is possible to reduce the current in an off state
(off-state current) of the transistor in this embodiment using
the oxide semiconductor which is highly purified and in
which formation of an oxygen vacancy is inhibited for the
semiconductor layer. Accordingly, an electric signal such as
an image signal can be held for a longer period, and a writing
interval can be set longer in an on state. Thus, the frequency
of refresh operation can be reduced, which leads to the effect
of suppressing power consumption.

[0144] As a driving mode of the liquid crystal element 150
in the display deviceillustrated in FIGS. 1A to 1C and FIG. 2,
a twisted nematic (TN) mode, an in-plane-switching (IPS)
mode, a fringe field switching (FFS) mode, an axially sym-
metric aligned micro-cell (ASM) mode, an optical compen-
sated birefringence (OCB) mode, a ferroelectric liquid crystal
(FLC) mode, an antiferroelectric liquid crystal (AFLC)
mode, or the like can be used. In particular, an FFS mode is
preferably used to achieve a wide viewing angle.

[0145] The display device may be a normally black liquid
crystal display device such as a transmissive liquid crystal
display device utilizing a vertical alignment (VA) mode.
Some examples are given as the vertical alignment mode. For
example, a multi-domain vertical alignment (MVA) mode, a
patterned vertical alignment (PVA) mode, and the like can be
used. Moreover, it is possible to use a method called domain
multiplication or multi-domain design, in which a pixel is
divided into some regions (subpixels) and molecules are
aligned in different directions in their respective regions.
[0146] Although notillustrated in FIGS. 1A to 1C and FIG.
2, an optical member (optical substrate) such as a polarizing
membet, a retardation membet, or an anti-reflection member,
and the like may be provided as appropriate. For example,
circular polarization may be obtained by using a polarizing
substrate and a retardation substrate. In addition, a backlight,
a side light, or the like may be used as a light source.

[0147] As a method for display in the pixel region 142, a
progressive method, an interlace method, or the like can be
employed. Further, color components controlled in a pixel at
the time of color display are not limited to three colors: R, G,
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and B (R, G, and B correspond to red, green, and blue,
respectively). Forexample, R, G, B, and W (W corresponds to
white) or R, G, B, and one or more of yellow, cyan, magenta,
and the like can be used. Note that the sizes of display regions
may be different between respective dots of color compo-
nents. Note that the disclosed invention is not limited to the
application to a display device for color display; the disclosed
invention can also be applied to a display device for mono-
chrome display.

[0148] Further, a spacer 160 is provided below the second
substrate 152 so as to control the distance (cell gap) between
the first substrate 102 and the second substrate 152. Note that
the cell gap determines the thickness of the liquid crystal layer
162. The spacer 160 may have any shape, like a columnar
spacer or a spherical spacer obtained by selective etching of
an insulating film, or the like.

[0149] The colored film 153 functions as a so-called color
filter. For the colored film 153, a material having the property
of transmitting light in a specific wavelength band is used, and
an organic resin film including a dye or a pigment, or the like
can be used.

[0150] The light-blocking film 154 functions as a so-called
black matrix. As the light-blocking film 154, as long as it can
block light emitted from adjacent pixels, any film such as a
metal film or an organic resin film including a black dye or a
black pigment can be used. In this embodiment, the light-
blocking film 154 formed of an organic resin film including a
black pigment is exemplified.

[0151] The organic protective insulating film 156 is pro-
vided so that an ionic substance included in the colored film
153 is not dispersed into the liquid crystal layer 162. How-
ever, the organic protective insulating film 156 is not limited
to this structure and not necessarily provided.

[0152] As the sealant 166, a thermosetting resin, an ultra-
violet curable resin, or thelike can be used. A region sealed by
the sealant 166 illustrated in FIG. 2 has a structure in which
the gate insulating film 106, an electrode 113 formed in the
same step as the source electrode 110 and the drain electrode
112, the first interlayer insulating film 114, and the second
interlayer insulating film 116 are provided between the first
substrate 102 and the second substrate 152; however, this
structure is an example and does not limit the present inven-
tion. For example, the structure may be a structure in which
only the gate insulating film 106 and the first interlayer insu-
lating film 114 are provided. Entry of moisture or the like
from the outside is more prevented when the second inter-
layer insulating film 116 is removed, and therefore, partof the
second interlayer insulating film 116 is preferably removed or
recessed as illustrated in F1G. 2.

[0153] As described above, the display device described in
this embodiment includes the transistors formed in the pixel
region and the driver circuit region, the first interlayer insu-
lating film formed over the transistors, the second interlayer
insulating film formed over the first interlayer insulating film,
and the third interlayer insulating film formed over the second
interlayer insulating film. In this structure, the third interlayer
insulating film is provided in part of an upper region of the
pixel region, and an edge portion of the third interlayer insu-
lating film is formed on an inner side than the driver circuit
region. This structure can suppress entry of the gas released
from the second interlayer insulating film into the transistor
side, which can increase the reliability of the display device.
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Further, the first interlayer insulating film can suppress entry
of the gas released from the second interlayer insulating film
into the transistor side.

[0154] This embodiment can be implemented in appropri-
ate combination with any of the structures described in the
other embodiments and examples.

Embodiment 2

[0155] 1In this embodiment, a display device using an
organic EL panel is described as one mode of a display device
with reference to FIG. 3 and F1G. 4. Note that portions that are
similar to the portions in Embodiment 1 are denoted by the
same reference numerals, and detailed description thereof is
omitted.

[0156] FIG. 3 and FIG. 4 illustrate a top view and a cross-
sectional view, respectively, of the display device as one
mode of a display device. Note that FIG. 4 corresponds to a
cross-sectional view along the line X2-Y2 in FIG. 3.

[0157] Inthe display device illustrated in FIG. 3, a sealant
166 is provided so as to surround a pixel region 142, and gate
driver circuit portions 140 and a source driver circuit portion
144, which are driver circuit regions that are located outside
and adjacent to the pixel region 142 and supply signals to the
pixel region 142, which are provided over a first substrate
102; sealing is performed with a second substrate 152. The
second substrate 152 is provided so as to face the first sub-
strate 102 where the pixel region 142, the gate driver circuit
portions 140, and the source driver circuit portion 144 are
provided. Thus, the pixel region 142, the gate driver circuit
portions 140, and the source driver circuit portion 144 are
sealed together with a display element by the first substrate
102, the sealant 166, and the second substrate 152.

[0158] As described above, some or all of the driver circuits
which include transistors can be formed over the first sub-
strate 102 where the pixel region 142 is formed, so that a
system-on-panel can be obtained. Further, the whole or part
of a driver circuit including a thin film transistor can be
formed over the same substrate as a pixel region, so that a
system-on-panel can be obtained.

[0159] Next, structures of the pixel region 142 and the gate
driver circuit portion 140 are detailed below using FIG. 4
corresponding to a cross-sectional view along the line X2-Y2
in FIG. 3.

[0160] In the pixel region 142, the first transistor 101 is
formed with the first substrate 102, the gate electrode 104
formed over the first substrate 102, a gate insulating film 106
formed over the gate electrode 104, the semiconductor layer
108 which is in contact with the gate insulating film 106 and
provided to overlap with the gate electrode 104, the source
electrode 110 and the drain electrode 112 formed over the
gate insulating film 106 and the semiconductor layer 108.
[0161] In addition, the pixel region 142 includes the fol-
lowing: the first interlayer insulating film 114 formed using
an inorganic insulating material over the first transistor 101,
specifically over the gate insulating film 106, the semicon-
ductor layer 108, the source electrode 110, and the drain
electrode 112; the second interlayer insulating film 116
formed using an organic insulating material over the first
interlayer insulating film 114; the third interlayer insulating
film 120 formed using an inorganic insulating material over
the second interlayer insulating film 116; a partition 126
formed over the second interlayer insulating film 116 and the
third interlayer insulating film 120; the pixel electrode 122
formed over the third interlayer insulating film 120 and the
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partition 126; a light-emitting layer 128 formed over the pixel
electrode 122; and an electrode 130 formed over the light-
emitting layer 128.

[0162] Note that the pixel electrode 122, the light-emitting
layer 128, and the electrode 130 form a light-emitting element
170.

[0163] In addition, a filler 172 is provided over the light-
emitting element 170, specifically over the electrode 130.
Over the filler 172, the second substrate 152 is provided. In
other words, the light-emitting element 170 and the filler 172
are interposed between the first substrate 102 and the second
substrate 152.

[0164] In the gate driver circuit portion 140, the second
transistor 103 and the third transistor 105 are formed with the
first substrate 102, the gate electrode 104 formed over the first
substrate 102, the gate insulating film 106 formed over the
gate electrode 104, the semiconductor layer 108 which is in
contact with the gate insulating film 106 and provided to
overlap with the gate electrode 104, the source electrode 110
and the drain electrode 112 formed over the gate insulating
film 106 and the semiconductor layer 108.

[0165] In addition, the gate driver circuit portion 140
includes the first interlayer insulating film 114 formed using
an inorganic insulating material over the second transistor
103 and the third transistor 105, specifically over the gate
insulating film 106, the semiconductor layer 108, the source
electrode 110, and the drain electrode 112, and the second
interlayer insulating film 116 formed using an organic insu-
lating material over the first interlayer insulating film 114.
[0166] Thus, the third interlayer insulating film 120 is pro-
vided in part of an upper region of the pixel region 142, and an
edge portion of the third interlayer insulating film 120 is
formed on an inner side than the gate driver circuit portion
140 which is a driver circuit region.

[0167] The above-described structure allows moisture
taken in from the outside or a gas of moisture, hydrogen, or
the like generated in the display device to be released to a
portion above the second interlayer insulating film 116 of the
gate driver circuit portion 140. Accordingly, it is possible to
suppress incorporation of a gas of moisture, hydrogen, or the
like into the first transistor 101, the second transistor 103, and
the third transistor 105.

[0168] Forthe second interlayer insulating film 116 formed
using an organic insulating material, an organic insulating
material with which the planarity is improved is needed so
that unevenness of the transistors included in the display
device or the like is reduced. This is because the reduction in
the unevenness of the transistors or the like leads to an
improvement of the display quality of the display device.
However, when heating or the like is performed, the organic
insulating material releases hydrogen, moisture, or an organic
component as a gas.

[0169] Theabove-mentioned gas of hydrogen, moisture, or
an organic component is unlikely to be a great problem for a
transistor using a silicon film, which is a silicon-based semi-
conductor material, in the semiconductor layer 108, for
example. However, in one embodiment of the present inven-
tion, the semiconductor layer 108 is formed using an oxide
semiconductor film, and hence the gas from the second inter-
layer insulating film 116 formed using an organic insulating
material needs to be suitably released. Note that, when the
semiconductor layer 108 is formed using an oxide semicon-
ductor film, the structure in which an edge portion of the third
interlayer insulating film 120 is formed on an inner side than
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the gate driver circuit portion 140 which is a driver circuit
region has an excellent effect. Further, a similar effect can
also be obtained in a transistor with the semiconductor layer
108 formed using a material (e.g., amorphous silicon or crys-
talline silicon which is a silicon-based semiconductor mate-
rial) other than an oxide semiconductor.

[0170] In this embodiment, the third interlayer insulating
film 120 over the second interlayer insulating film 116 is
formed in order to suppress entry of the gas released from the
second interlayer insulating film 116 into the light-emitting
element 170 side and/or to improve adhesion between the
pixel electrode 122 and the second interlayer insulating film
116. Such a structure can suppress entry of the gas of hydro-
gen, moisture, or the like from the second interlayer insulat-
ing film 116 into the light-emitting element 170 side.

[0171] However, if the third interlayer insulating film 120 is
formed over the second interlayer insulating film 116 over the
second transistor 103 and the third transistor 105 which are
used for the gate driver circuit portion 140, the gas released
from the organic insulating material in the second interlayer
insulating film 116 cannot be dispersed into the outside and
enters the second transistor 103 and the third transistor 105.
[0172] When the above-described gas enters the oxide
semiconductor used in the semiconductor layer 108 of the
transistors, the gas is taken in as an impurity into the oxide
semiconductor film. This changes characteristics of the tran-
sistors using the semiconductor layer 108.

[0173] In contrast, in the structure as illustrated in FIG. 4
where the third interlayer insulating film 120 is holed over the
second transistor 103 and the third transistor 105 which are
used for the gate driver circuit portion 140, that is, the third
interlayer insulating film 120 is provided in part of the pixel
region 142 and an edge portion of the third interlayer insulat-
ing film 120 is formed on an inner side than the gate driver
circuit portion 140, the gas released from the second inter-
layer insulating film 116 can be dispersed into the outside.
[0174] Also in the first transistor 101 used for the pixel
region 142, as illustrated in F1G. 4, it is preferable to remove
a portion of the third interlayer insulating film 120 formed
using an inorganic insulating material, which overlaps with
the semiconductor layer 108. Such a structure can suppress
entry of the gas released from the second interlayer insulating
film 116 formed using an organic insulating material into the
first transistor 101.

[0175] Here, other components of the display device illus-
trated in FIG. 3 and FIG. 4 which differ in structure from those
in the display device described in Embodiment 1 are detailed
below.

[0176] The partition 126 is formed using an organic insu-
lating material or an inorganic insulating material. It is par-
ticularly preferable that the partition 126 be formed using a
photosensitive resin material to have an opening over the
pixel electrode 122 so that a sidewall of the opening is formed
as a tilted surface with continuous curvature.

[0177] As the filler 172, an ultraviolet curable resin or a
thermosetting resin can be used as well as an inert gas such as
nitrogen or argon. For example, polyvinyl chloride (PVC), an
acrylic-based resin, a polyimide-based resin, an epoxy-based
resin, a silicone-based resin, polyvinyl butyral (PVB), or
ethylene vinyl acetate (EVA) canbe used. For example, nitro-
gen is used as the filler 172.

[0178] As the light-emitting element 170, a light-emitting
element utilizing electroluminescence can be used. Light-
emitting elements utilizing electroluminescence are classi-
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fied according to whether a light-emitting material is an
organic compound or an inorganic compound. In general, the
former is referred to as an organic EL element, and the latter
is referred to as an inorganic EL element. Here, an organic EL
element is used.

[0179] In an organic EL element, by application of a volt-
age to a light-emitting element, electrons and holes are sepa-
rately injected from a pair of electrodes (the pixel electrode
122 and the electrode 130) into a layer containing a light-
emitting organic compound, and current flows. The carriers
(electrons and holes) are recombined, and thus, the light-
emitting organic compound is excited. The light-emitting
organic compound returns to a ground state from the excited
state, thereby emitting light. Owing to such a mechanism, this
light-emitting element is referred to as a current-excitation
light-emitting element.

[0180] To extract light from the light-emitting element 170,
at least one of the electrodes (the pixel electrode 122 or the
electrode 130) has a light-transmitting property. The light-
emitting element can employ any of the following emission
structures: a top emission structure in which light emission is
extracted through the surface opposite to the first substrate
102; a bottom emission structure in which light emission is
extracted through the surface on the first substrate 102 side; or
a dual emission structure in which light emission is extracted
through the surface opposite to the first substrate 102 and the
surface on the first substrate 102 side.

[0181] A protective film may be formed over the electrode
130 and the partition 126 in order to prevent oxygen, hydro-
gen, moisture, carbon dioxide, or the like from entering the
light-emitting element 170. As the protective film, a silicon
nitride film, a silicon nitride oxide film, or the like can be
formed. In addition, in a space which is formed with the first
substrate 102, the second substrate 152, and the sealant 166,
the filler 172 is provided for sealing. It is preferable that a
panel be packaged (sealed) with a protective film (such as a
laminate film or an ultraviolet curable resin film) or a cover
material with high air-tightness and little degasification so
that the panel is not exposed to the outside air, in this manner.
[0182] In addition, if needed, an optical film, such as a
polarizing plate, a circularly polarizing plate (including an
elliptically polarizing plate), a retardation plate (a quarter-
wave plate or a half-wave plate), or a color filter, may be
provided as appropriate on a light-emitting surface of the
light-emitting element 170. Further, 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.
[0183] For the light-emitting layer 128, it is preferable to
use organic compounds including a guest material which is a
light-emitting material converting triplet excitation energy to
light emission and a host material the triplet excitation energy
level (T, level) of which is higher than that of the guest
material. Note that the light-emitting layer 128 may have a
structure in which a plurality of light-emitting layers is
stacked (so-called tandem structure) or a structure including
afunctional layer (e.g., ahole-injection layer, a hole-transport
layer, an electron-transport layer, an electron-injection layer,
or acharge generation layer) other than a light-emitting layer.
[0184] For the sealant 166, a material containing a glass
material, such as a glass body formed by melting and solidi-
fying powder glass (also called frit glass), may be used in
addition to any of the materials described in Embodiment 1.
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Such a material can effectively suppress permeation of mois-
ture and gas. Hence, when the light-emitting element 170 is
used as the display element, deterioration of the light-emit-
ting element 170 can be suppressed, so that the display device
can have very high reliability.

[0185] A region sealed by the sealant 166 illustrated in FIG.
4 has a structure in which only the gate insulating film 106 is
provided between the first substrate 102 and the second sub-
strate 152; however, this structure is an example and does not
limit the present invention. For example, the structure may be
a structure in which the gate insulating film 106 and the first
interlayer insulating film 114 are stacked. Note that in a
preferred structure, the sealant 166 is placed in a region where
the second interlayer insulating film 116 is removed, as illus-
trated in FI1G. 4.

[0186] As described above, the display device described in
this embodiment includes the transistors formed in the pixel
region and the driver circuit region, the first interlayer insu-
lating film formed over the transistors, the second interlayer
insulating film formed over the first interlayer insulating film,
and the third interlayer insulating film formed over the second
interlayer insulating film. In this structure, the third interlayer
insulating film is provided in part of an upper region of the
pixel region, and an edge portion of the third interlayer insu-
lating film is formed on an inner side than the driver circuit
region. This structure can suppress entry of the gas released
from the second interlayer insulating film into the transistor
side, which can increase the reliability of the display device.
Further, the first interlayer insulating film can suppress entry
of the gas released from the second interlayer insulating film
into the transistor side.

[0187] This embodiment can be implemented in appropri-
ate combination with any of the structures described in the
other embodiments and examples.

Embodiment 3

[0188] In this embodiment, an image sensor that can be
used in combination with any of thedisplay devices described
in the above embodiments is described.

[0189] An example of a display device with an image sen-
sor is illustrated in FIG. 5A. FIG. 5A illustrates an equivalent
circuit of a pixel of the display device with an image sensor.
[0190] One electrode of a photodiode element 4002 is elec-
trically connected to a reset signal line 4058, and the other
electrode of the photodiode element 4002 is electrically con-
nected to a gate electrode of a transistor 4040. One of a source
electrode and a drain electrode of the transistor 4040 is elec-
trically connected to a power supply potential (VDD), and the
other of the source electrode and the drain electrode of the
transistor 4040 is electrically connected to one of a source
electrode and a drain electrode of a transistor 4056. A gate
electrode of the transistor 4056 is electrically connected to a
gate selection line 4057, and the other of the source electrode
and the drain electrode of the transistor 4056 is electrically
connected to an output signal line 4071.

[0191] A firsttransistor4030 is a transistor for pixel switch-
ing. One of a source electrode and a drain electrode of the first
transistor 4030 is electrically connected to a video signal line
4059, and the other of the source electrode and the drain
electrode of the first transistor 4030 is electrically connected
to a capacitor 4032 and a liquid crystal element 4034. A gate
electrode of the first transistor 4030 is electrically connected
to a gate line 4036.
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[0192] Note that structures of the first transistor 4030, the
capacitor 4032, and the liquid crystal element 4034 can be
similar to those in the display device described in Embodi-
ment 1.

[0193] FIG. 5B illustrates a cross section of part of a pixel
of the display device with an image sensor and a cross section
of a driver circuit portion. In a pixel region 5042, the photo-
diode element 4002 and the first transistor 4030 are provided
over a first substrate 4001. In a gate driver circuit portion 5040
which is a driver circuit, a second transistor 4060 and a third
transistor 4062 are provided over the first substrate 4001.
[0194] Over the photodiode element 4002 and the first tran-
sistor 4030 in the pixel region 5042, a first interlayer insulat-
ing film 4014, a second interlayer insulating film 4016, and a
third interlayer insulating film 4020 are formed. Over the
second interlayer insulating film 4016, the capacitor 4032
using the third interlayer insulating film 4020 as a dielectric is
formed.

[0195] Thus, the third interlayer insulating film 4020 is
provided in part of the pixel region 5042, and an edge portion
of the third interlayer insulating film 4020 is formed on an
inner side than the gate driver circuit portion 5040. By this
structure, a gas released from the second interlayer insulating
film 4016 can be dispersed into the outside. Thus, this struc-
ture can suppress entry of the gas released from the second
interlayer insulating film 4016 into the transistor side, which
can increase the reliability of the display device.

[0196] In the photodiode element 4002, a lower electrode
formed in the same step as the source electrode and the drain
electrode of the first transistor 4030 and an upper electrode
formed in the same step as a pixel electrode of the liquid
crystal element 4034 are included as a pair of electrodes, and
a diode is present between the pair of electrodes.

[0197] As a diode that can be used as the photodiode ele-
ment 4002, a pn-type diode including a stack of a p-type
semiconductor film and an n-type semiconductor film, a pin-
type diode including a stack of a p-type semiconductor film,
an i-type semiconductor film, and an n-type semiconductor
film, a Schottky diode, or the like can be used.

[0198] Over the photodiode element 4002, a first alignment
film 4024, a liquid crystal layer 4096, a second alignment film
4084, a counter electrode 4088, an organic insulating film
4086, a colored film 4085, a second substrate 4052, and the
like are provided.

[0199] Note that a pin-type diode has better photoelectric
conversion characteristics when the p-type semiconductor
film side is used as a light-receiving plane. This is because the
hole mobility is lower than the electron mobility. This
embodiment shows an example in which light which enters
the photodiode element 4002 from a surface of the second
substrate 4052 through the colored film 4085, the liquid crys-
tal layer 4096, and the like is converted into an electric signal,
but this example does not limit the present invention. For
example, the colored film 4085 may be omitted.

[0200] The photodiode element 4002 described in this
embodiment utilizes flow of current between the pair of elec-
trodes which is caused by entry of light into the photodiode
element 4002. When the photodiode element 4002 detects
light, information of an object to be detected can be read.
[0201] By performing, for example, a step of forming the
transistor for the display device and a step for the image
sensor at the same time, the productivity of the display device
with the image sensor described in this embodiment can be
increased. However, any of the display devices described in
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the above embodiments and the image sensor described in
this embodiment may be fabricated over different substrates.
Specifically, the image sensor may be fabricated over the
second substrate in any of the display devices described in the
above embodinents.

[0202] This embodiment can be implemented in appropri-
ate combination with any of the structures described in the
other embodiments and examples.

Embodiment 4

[0203] Inthis embodiment, an example of a tablet terminal
using a display device of one embodiment of the present
invention is described.

[0204] FIGS. 6A to 6C illustrate a foldable tablet terminal.
FIG. 6A illustrates the tablet terminal which is unfolded. The
tablet terminal includes a housing 8630, and a display portion
8631a, a display portion 863154, a display mode switch 8034,
a power switch 8035, a power-saving mode switch 8036, a
clasp 8033, and an operation switch 8038 which are provided
on the housing 8630.

[0205] A display device of one embodiment of the present
invention can be applied to the display portion 8631« and the
display portion 86315.

[0206] The whole or part of the display portion 8631a can
function as a touch panel and data can be input when a
displayed operation key is touched. For example, the display
portion 8631a can display keyboard buttons in the whole
region to function as a touch panel, and the display portion
86315 may be used as a display screen.

[0207] Like the display portion 8631a, the whole or part of
the display portion 86315 can function as a touch panel.
[0208] Further, a touch panel region of the display portion
8631a and a touch panel region of the display portion 863154
can be touched for input at the same time.

[0209] With the display mode switch 8034, the display can
be switched between a portrait mode, a landscape mode, and
the like, and between monochrome display and color display,
for example. With the power-saving mode switch 8036, dis-
play luminance can be controlled in accordance with external
light detected by an optical sensor incorporated in the tablet
terminal Note that in addition to the optical sensor, another
detection device including a sensor such as a gyroscope or an
acceleration sensor which is capable of detecting inclination
may be included in the tablet terminal.

[0210] Note that FIG. 6A shows an example in which the
areas of the display portion 8631a and the display portion
863154 are the same; however, this example does not limit the
present invention. The display portion 8631« and the display
portion 86315 may differ in area or display quality. For
example, one display panel may be capable of higher-defini-
tion display than the other display panel.

[0211] The tablet terminal is closed in FIG. 6B. The tablet
terminal includes the housing 8630, and a solar cell 8633 and
a charge and discharge control circuit 8634 with which the
housing 8630 is provided. In FIG. 6B, a structure including a
battery 8635 and a DCDC converter 8636 is illustrated as an
example of the charge and discharge control circuit 8634.
[0212] Since the tablet terminal is foldable, the housing
8630 can be closed when the tablet terminal is not used. Thus,
the display portion 86314 and the display portion 86315 can
be protected, which leads to excellent durability and excellent
reliability in terms of long-term use.

[0213] Thetablet terminal illustrated in FIGS. 6 A to 6C can
also have a function of displaying various kinds of data (e.g.,
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astill image, a moving image, and a text image), a function of
displaying a calendar, the date, the time, or the like on the
display portion, a touch-input function of operating or editing
data displayed on the display portion by touch input, a func-
tion of controlling processing by various kinds of software
(programs), and the like.

[0214] Electric power obtained with the solar cell 8633 can
be used forthe operation of the tablet terminal or can be stored
in the battery 8635. Note that the solar cell 8633 can be
provided on both surfaces of the housing 8630. When a
lithium ion battery is used as the battery 8635, there is an
advantage of downsizing or the like.

[0215] The structure and the operation of the charge and
discharge control circuit 8634 illustrated in FIG. 6B are
described with reference to a block diagram in FIG. 6C. In
FIG. 6C, the solar cell 8633, the battery 8635, the DCDC
converter 8636, a converter 8637, a switch SW1, a switch
SW2, a switch SW3, and a display portion 8631 are illus-
trated. The battery 8635, the DCDC converter 8636, the con-
verter 8637, and the switches SW1 to SW3 in FIG. 6C corre-
spond to the charge and discharge control circuit 8634
illustrated in FIG. 6B.

[0216] In the case where power is generated by the solar
cell 8633, the voltage of the power generated by the solar cell
is raised or lowered by the DCDC converter 8636 so that the
power has a voltage for charging the battery 8635. Then, the
switch SW1 is turned on and the voltage of the power is
stepped up or down by the converter 8637 so as to be the most
suitable voltage for the display portion 8631. In addition,
when display on the display portion 8631 is not performed,
the switch SW1 is turned off and the switch SW2 is turned on
so that the battery 8635 is charged.

[0217] Note that the solar cell 8633 is described as an
example of a power generation means, but this does not limit
the present invention. Another power generation means such
as a piezoelectric element or a thermoelectric conversion
element (Peltier element) may be used instead. For example,
the battery may be charged with another charging means,
such as a non-contact power transmission module which is
capable of charging by transmitting and receiving power
wirelessly (without contact), used in combination.

[0218] This embodiment can be implemented in appropri-
ate combination with any of the structures described in the
other embodiments and examples.

Embodiment 5

[0219] In this embodiment, examples of an electronic
device including any of the display devices described in the
above embodiments or the like are described.

[0220] FIG. 7A illustrates a portable information terminal.
The portable information terminal illustrated in FIG. 7A
includes a housing 9300, a button 9301, a microphone 9302,
a display portion 9303, a speaker 9304, and a camera 9305,
and has a function as a mobile phone. Any of the display
devices and the display device with an image sensor
described in the above embodiments can be applied to the
display portion 9303.

[0221] FIG. 7B illustrates a display. The display illustrated
in FIG. 7B includes a housing 9310 and a display portion
9311. Any of the display devices and the display device with
an image sensor which are described in the above embodi-
ments can be applied to the display portion 9311.

[0222] FIG. 7C illustrates a digital still camera. The digital
still camera illustrated in FIG. 7C includes a housing 9320, a

Jan. 23,2014

button 9321, a microphone 9322, and a display portion 9323.
Any of the display devices and the display device with an
image sensor described in the above embodiments can be
applied to the display portion 9323.

[0223] By application of one embodiment of the present
invention, the reliability of the electronic devices can be
increased.

[0224] This embodiment can be implemented in appropti-
ate combination with any of the structures described in the
other embodiments and examples.

Example 1

[0225] Inthis example, a released gas from an acrylic resin
which is a typical example of the organic resin that can be
used for a display device was examined.

[0226] For a sample, an acrylic resin was applied onto a
glass substrate, and heat treatment was performed in a nitro-
gen gas atmosphere at 250° C. for one hour. Note that the
acrylic resin was formed so as to have a thickness of 1.5 pm
after the heat treatment.

[0227] The released gas from the fabricated sample was
measured by thermal desorption spectroscopy (TDS).
[0228] FIG. 8 shows the ion intensity of the released gas
versus mass-to-charge ratio (also referred to as M/z) at a
substrate surface temperature of 250° C. In FIG. 8, the hori-
zontal axis represents mass-to-charge ratio and the vertical
axis represents intensity (arbitrary unit). As shown in FIG. 8,
a gas of an ion having a mass-to-charge ratio of 18 (an H,O
gas) which seems to be due to water, a gas of an ion having a
mass-to-charge ratio of 28 (a C,H, gas), a gas of anion having
amass-to-charge ratio of 44 (a C;H, gas), and a gas of an ion
having a mass-to-charge ratio of 56 (a C,H; gas), which seem
to be due to hydrocarbon, were detected. Note that in the
vicinities of the respective mass-to-charge ratios, fragment
ions of gases were detected.

[0229] FIG. 9 also shows the ion intensity versus substrate
surface temperature for each mass-to-charge ratio (18,28, 44,
and 56). In FIG. 9, the horizontal axis represents substrate
surface temperature (° C.) and the vertical axis represents
intensity (arbitrary unit). It was found that, in the case where
the substrate surface temperature was in the range from 55° C.
to 270° C., the intensity of an ion having a mass-to-charge
ratio of 18 which seems to be due to water had a peak in the
range of greater than or equal to 55° C. and less than or equal
to 100° C. and a peak in the range of greater than or equal to
150° C. and less than or equal to 270° C. In contrast, it was
found that the intensities of ions having mass-to-charge ratio
of 28, 44, and 56 which seem to be due to hydrocarbon each
had a peak in the range of greater than or equal to 150° C. and
less than or equal to 270° C.

[0230] The above showed that water, hydrocarbon, and the
like, which serve as impurities in the oxide semiconductor
film, were released from the organic resin. In particular, water
was found to be also released at a relatively low temperature
greater than or equal to 55° C. and less than or equal to 100°
C. In other words, this indicated that, when an impurity due to
the organic resin reached the oxide semiconductor film, elec-
trical characteristics of the transistor might deteriorate.
[0231] The above also indicated that, when the organic
resin was covered with a film that does not transmit a released
gas of water, hydrocarbon, or the like (e.g. a silicon nitride
film, a silicon nitride oxide film, or an aluminum oxide film),
release of the gas from the organic resin increased pressure on
the film that does not transmit a released gas of water, hydro-
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carbon, or the like, which might finally destroy the film that
does not transmit a released gas of water, hydrocarbon, or the
like and cause a shape defect of the transistor.

Exaniple 2

[0232] In this example, a transistor was fabricated and a
cross-sectional shape and electrical characteristics thereof
were estimated.

[0233] Ineach sample, a bottom-gate top-contact transistor
having a channel-etched structure in which an oxide semi-
conductor film is used is provided. The transistor includes a
gate electrode provided over a glass substrate, a gate insulat-
ing film provided over the gate electrode, an oxide semicon-
ductor film provided over the gate electrode with the gate
insulating film interposed therebetween, and a pair of elec-
trodes over and in contact with the oxide semiconductor film.
Here, a tungsten film was used for the gate electrode, a silicon
nitride film and a silicon oxynitride film thereover were used
for the gate insulating film, and an In—Ga—Z7n oxide film
was used for the oxide semiconductor film. For each of the
electrodes, a tungsten film, an aluminum film over the tung-
sten film, and a titanium film over the aluminum film were
used.

[0234] Theprotective insulating films (a 450-nm-thick sili-
con oxynitride film and a 50-nm-thick silicon nitride film
thereover) are provided over each of the electrodes.

[0235] In a sample of this example, a 2-um-thick acrylic
resin is provided over the protective insulating films, and a
200-nm-thick silicon nitride film is provided over the acrylic
resin so as to expose part of a side surface of the acrylic resin.
In a sample of a comparison example, a 1.5 um-thick acrylic
resin is provided over the protective insulating films, and a
200-nm-thick silicon nitride film is provided over the acrylic
resin so as to cover the acrylic resin.

[0236] FIG. 10 shows a transmitted electron image (also
referred to as a TE image) of a cross-sectional shape of an
enlarged part of the sample of the comparison example, which
was obtained by TEM. For the observation of the cross-
sectional shape, an Ultra-thin Film Evaluation System
HD-2300 manufactured by Hitachi High-Technologies Cor-
poration was used. Note that in FIG. 10, only one of the
electrodes is illustrated. It is found from the electrode and the
protective insulating films provided so as to cover the elec-
trode in FIG. 10 that in the protective films, cracks are gen-
erated from a step portion formed by the electrode. Since
structures of the observed regions in the sample of this
example and the sample of the comparison example are sub-
stantially the same, a cross-sectional shape of the sample of
this example is not shown.

[0237] Thus, the sample of this example has a structure in
which a gas released from the acrylic resin is extracted to the
outside of the sample, and the sample of the comparison
example has a structure in which a gas released from the
acrylic resin is not extracted to the outside of the sample. In
other words, in the sample of the comparison example, the gas
released from the acrylic resin is not extracted to the outside
and enters the transistor through the crack generated in the
protective insulating films.

[0238] Next, gate voltage (Vg)-drain current (Id) character-
istics which are electrical characteristics of the transistors of
the samples were measured. The Vg-Id characteristics were
measured using the transistors each having a channel length
of 3 lam and a channel width of 3 um. Note that in the
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measurements of the Vg-Id characteristics, the drain voltage
(Vd) was set to 1 V or 10 V and the gate voltage (Vg) was
swept from =20V to 15V.

[0239] FIGS. 11A and 11B show the Vg-1d characteristics
of the samples. The Vg-Id characteristics of 20 transistors
over a 600 mm by 720 mm glass substrate were measured as
uniformly as possible. FIG. 11A shows the Vg-1d character-
istics and field-effect mobility of the transistors of the sample
ofthis example, and FIG. 11B shows the Vg-Id characteristics
of the transistors of the sample of the comparison example.
Note that the field-effect mobility shown in FIG. 11A was
obtained at a drain voltage (Vd) of 10 V. The field-effect
mobility is not shown in FIG. 11B because it was difficult to
calculate.

[0240] FIG. 11A demonstrates that the transistors of the
sample of this example exhibited excellent switching charac-
teristics. FIG. 11B shows that the transistors of the sample of
the comparison example did not exhibit switching character-
istics and were normally on.

[0241] Comparison with the sample of this example reveals
that the deficiency of the switching characteristics of the
sample of the comparison example was caused because the
gas released from the acrylic resin affected the transistors.
Specifically, this was probably because the gas released from
the acrylic resin increased the carrier density in the oxide
semiconductor film, and an electric field from the gate elec-
trode prevented the transistors from being turned off.

[0242] This example shows that, when an organic resin is
covered with a film (a 200-nm-thick silicon nitride film, here)
that does not transmit released gas of water, a hydrocarbon, or
the like, the gas released from the organic resin causes a
deficiency of the switching characteristics of a transistor. This
example also shows that, by providing a path through which
the released gas is extracted to the outside of the sample in
part of the film that covers the organic resin and does not
transmit the released gas of water, a hydrocarbon, or the like,
adeficiency of the switching characteristics of a transistor can
be avoided and excellent switching characteristics can be
obtained.

REFERENCE NUMERALS

[0243] 101.: first transistor, 102: first substrate, 103: second
transistor, 104: gate electrode, 105: third transistor, 106:
gate insulating film, 107: capacitor, 108: semiconductor
layer, 110: source electrode, 112: drain electrode, 113:
electrode, 114: first interlayer insulating film, 116: second
interlayer insulating film, 118: capacitor electrode, 120:
third interlayer insulating film, 122: pixel electrode, 124:
first alignment film, 126: partition, 128: light-emitting
layer, 130: electrode, 140: gate driver circuit portion, 142:
pixel region, 144: source driver circuit portion, 146: FPC
terminal portion, 148: FPC, 150: liquid crystal element,
152: second substrate, 153: colored film, 154: light-block-
ing film, 156: organic protective insulating film, 158:
counter electrode, 160: spacer, 162: liquid crystal layer,
164: second alignment film, 166: sealant, 170: light-emit-
ting element, 172: filler, 4001: first substrate, 4002: photo-
diode element, 4014: first interlayer insulating film, 4016:
second interlayer insulating film, 4020: third interlayer
insulating film, 4024: first alignment film, 4030: first tran-
sistor, 4032: capacitor, 4034: liquid crystal element, 4036:
gate line, 4040: transistor, 4052: second substrate, 4056:
transistor, 4057: gate selection line, 4058: reset signal line,
4059: video signal line, 4060: second transistor, 4062: third
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transistor, 4071: output signal line, 4084: second align-
ment film, 4085: colored film, 4086: organic insulating
film, 4088: counter electrode, 4096: liquid crystal layer,
5040: gate driver circuit portion, 5042: pixel region, 8033:
clasp, 8034: switch, 8035: power supply switch, 8036:
switch, 8038: operation switch, 8630: housing, 8631: dis-
play portion, 8631a: display portion, 86315: display por-
tion, 8633: solar cell, 8634: charge and discharge control
circuit, 8635: battery, 8636: DCDC converter, 8637: con-
verter, 9300: housing, 9301: button, 9302: microphone,
9303: display portion, 9304: speaker, 9305: camera, 9310:
housing, 9311: display portion, 9320: housing, 9321: but-
ton, 9322: microphone, 9323: display portion.
[0244] This application is based on Japanese Patent Appli-
cation serial no. 2012-161344 filed with the Japan Patent
Office on Jul. 20, 2012, the entire contents of which are
hereby incorporated by reference.
1. A display device comprising:
a pixel portion comprising:
a first transistor;
a first insulating film over the first transistor;
a second insulating film over the first insulating film;
a third insulating film over the second insulating film;
a first electrode over the third insulating film, the first
electrode being electrically connected to the first tran-
sistor;
a first alignment film over the first electrode; and
a liquid crystal layer over the first alignment film; and
a driver circuit portion comprising:
a second transistor;
the first insulating film over the second transistor;
the second insulating film over the first insulating film;
and
the first alignment film over the second insulating film,
wherein the first insulating film comprises an inorganic
insulating material,
wherein the second insulating film comprises an organic
insulating material,
wherein the third insulating film comprises an inorganic
insulating material, and
wherein the first alignment film is entirely in contact with
the second insulating film in the driver circuit portion.
2. The display device according to claim 1 further compris-
ing:
a second alignment film over the liquid crystal layer;
a second electrode over the second alignment film;
a fourth insulating film over the second electrode;
a colored film over the fourth insulating film; and
a light-blocking film over the fourth insulating film.
3. The display device according to claim 1,
wherein the first insulating film is any of a silicon oxide
film, a silicon oxynitride film, an aluminum oxide film,
a hafnium oxide film, a gallium oxide film, and a
Ga—7Zn-based metal oxide film.
4. The display device according to claim 1,
wherein the second insulating film is any of an acrylic-
based resin, a polyimide-based resin, a benzocy-
clobutene-based resin, a polyamide-based resin, and an
epoxy-based resin.
5. The display device according to claim 1,
wherein the third insulating film is any of a silicon nitride
film, a silicon nitride oxide film, and an aluminum oxide
film.
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6. The display device according to claim 1,

wherein the first transistor and the second transistor each
comprises an oxide semiconductor layer.

7. The display device according to claim 6,

wherein the oxide semiconductor layer comprises any of
indium and zinc.

8. The display device according to claim 6,

wherein the oxide semiconductor layer has a first oxide
semiconductor film and a second oxide semiconductor
film.

9. An electronic device comprising the display device

according to claim 1.

10. A display device comprising:
a pixel portion comprising:
a first transistor;
a first insulating film over the first transistor;
a second insulating film over the first insulating film;
a third insulating film over the second insulating film;
a first electrode over the third insulating film, the first
electrode being electrically connected to the first tran-
sistor;
a fourth insulating film over the first electrode;
a light-emitting layer over the first electrode;
a second electrode over the light-emitting layer; and
a filler over the second electrode; and
a driver circuit portion comprising:
a second transistor;
the first insulating film over the second transistor;
the second insulating film over the first insulating film;
and
the filler over the second insulating film,
wherein the first insulating film comprises an inorganic
insulating material,
wherein the second insulating film comprises an organic
insulating material,
wherein the third insulating film comprises an inorganic
insulating material, and
wherein the filler is entirely in contact with the second
insulating film in the driver circuit portion.
11. The display device according to claim 10,
wherein the first insulating film is any of a silicon oxide
film, a silicon oxynitride film, an aluminum oxide film,
a hafnium oxide film, a gallium oxide film, and a
Ga—Zn-based metal oxide film.
12. The display device according to claim 10,
wherein the second insulating film is any of an acrylic-
based resin, a polyimide-based resin, a benzocy-
clobutene-based resin, a polyamide-based resin, and an
epoxy-based resin.
13. The display device according to claim 10,
wherein the third insulating film is any of a silicon nitride
film, a silicon nitride oxide film, and an aluminum oxide
film.
14. The display device according to claim 10,
wherein the first transistor and the second transistor each
comprises an oxide semiconductor layer.
15. The display device according to claim 14,
wherein the oxide semiconductor layer comprises any of
indium and zine.
16. The display device according to claim 14,
wherein the oxide semiconductor layer has a first oxide
semiconductor film and a second oxide semiconductor
film.
17. An electronic device comprising the display device

according to claim 10.
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18. The display device according to claim 10,

wherein the filler is any of an inert gas, an ultraviolet
curable resin, and a thermosetting resin.

19. The display device according to claim 10,

wherein the filler is an insulating film.

20. The display device according to claim 10,

wherein the filler is any of polyvinyl chloride, an acrylic-
based resin, a polyimide-based resin, an epoxy-based
resin, a silicone-based resin, polyvinyl butyral, and eth-
ylene vinyl acetate.
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