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(57) Abstract: A display device with excellent display
quality is provided. The display device includes a tran-
sistor over a first substrate, an inorganic insulating film
in contact with the transistor, and an organic insulating
film in contact with the inorganic insulating film. The
transistor includes a gate electrode over the first sub-
strate, an oxide semiconductor film overlapping with
the gate electrode, a gate insulating film in contact with
one surface of the oxide semiconductor film, and a pair
of electrodes in contact with the oxide semiconductor
film. The inorganic insulating film is in contact with
the other surface of the oxide semiconductor film. The
organic insulating film overlaps with the oxide semi-
conductor film with the inorganic insulating film
provided therebetween and is separated. Note that the
thickness of the organic insulating film is preferably
greater than or equal to 500 nm and less than or equal
to 10 um.
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DESCRIPTION
DISPLAY DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to an object, a method, or a manufacturing
method. In addition, the present invention relates to a process, a machine, manufacture,
or a composition of matter. One embodiment of the present invention particularly
relates to a semiconductor device, a display device, a light-emitting device, a power
storage device, a driving method thereof, or a manufacturing method thereof.
Specifically, one embodiment of the present invention relates to a display device and a

manufacturing method thereof.

BACKGROUND ART
[0002]

Attention has been focused on a technique for forming a transistor using a
semiconductor thin film formed over a substrate (also referred to as a thin film transistor
(TFT)). Such a transistor is applied to a wide range of electronic devices such as an
integrated circuit (IC) or an image display device (display device). 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 has been
attracting attention.

[0003]

For example, a transistor including an oxide semiconductor containing indium
(In), gallium (Ga), and zinc (Zn) as an active layer is disclosed (see Patent Document 1).
[0004]

In addition, a technique for improving carrier mobility by forming a stack of
oxide semiconductor films that is used for an active layer of a transistor has been
disclosed (see Patent Document 2).

[0005]

It has been pointed out that by entry of impurities such as hydrogen, an
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electrically shallow donor level is formed and electrons to be carriers are generated in
an oxide semiconductor. As a result, the threshold voltage of a transistor including an
oxide semiconductor is shifted in the negative direction and the transistor becomes
normally-on, so that leakage current in a state where voltage is not applied to the gate
(that is, in the off state) is increased. Thus, the entry of hydrogen into an oxide
semiconductor film is suppressed by providing an aluminum oxide film having a
property of biocking hydrogen over the entire region of a substrate so as to cover a
channel region in the oxide semiconductor film, a source electrode, and a drain
electrode, so that generation of leakage current is suppressed (see Patent Document 3).
[Reference]

[Patent Document]

[0006] )

[Patent Document 1] Japanese Published Patent Application No. 2006-165528
[Patent Document 2] Japanese Published Patent Application No. 2011-138934
[Patent Document 3] Japanese Published Patent Application No. 2010-016163

DISCLOSURE OF INVENTION
[0007]

A transistor including an oxide semiconductor film has a problem in that the
amount of change in electrical characteristics, typically threshold voltage, due to change
over time or a stress test is increased. A transistor having normally-on characteristic
causes various problems in that power consumption is increased when the transistor is
not in operation or that display quality is reduced due to a decrease in contrast of a
display device, for example.

[0008]

Thus, an object of one embodiment of the present invention is to provide a
display device with excellent display quality. Another object of one embodiment of
the present invention is to provide a display device having a high aperture ratio and
including a capacitor which can increase charge capacity. - Another object of one
embodiment of the present invention is to provide a display device with low power
consumption. Another object of one embodiment of the present invention is to provide

a display device including a transistor having excellent electrical characteristics.
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Another object of one embodiment of the present invention is to provide a novel display
device. Another object of one embodiment of the present invention is to provide a
method for manufacturing a display device having a high aperture ratio and a wide
viewing angle in fewer steps. Another object of one embodiment of the present
invention is to provide a novel method for manufacturing a display device.

[0009]

Note that the descriptions of these objects do not disturb the existence of other
objects. In one embodiment of the present invention, there is no need to achieve all
the objects. Other bbjects will be apparent from and can be derived from the
description of the specification, the drawings, the claims, and the like.

[(0010] ,

According to one embodiment of the present invention, a display device
includes a transistor over a first substrate, an inorganic insulating film in contact with
the transistor, and an organic insulating film in contact with the inorganic insulating film.
The transistor includes a gate electrode over the first substrate, an oxide semiconductor
film overlapping with the gate electrode, a gate insulating film in contact with one
surface of the oxide semiconductor film, and a pair of electrodes in contact with the
oxide semiconductor film. The inorganic insulating film is in contact with the other
surface of the oxide semiconductor film. Note that the other surface of the oxide
semiconductor film may be an upper surface of the oxide semiconductor film. The
organic insulating film overlaps with the oxide semiconductor film with the inorganic
insulating film provided therebetween and is isolated. Note that the thickness of the
organic insulating film is preferably greater than or equal to 500 nm and less than or
equal to 10 um. Moreover, an end portion of the gate electrode is preferably positioned
on an outer side of an end portion of the organic insulating film. - Alternatively, an end
portion of the gate electrode does not preferably overlap with the organic insulating film.
Moreover, in a plan view, the organic insulating film may completely overlap with the
oxide semiconductor film.

[0011]

Note that the display device may further include a second substrate overlapping
with the first substrate, the transistor and the organic insulating film between the first

substrate and the second substrate, and a liquid crystal layer between the organic
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insulating film and the second substrate.
[0012]

Alternatively, the display device may further include the second substrate
overlapping with the first substrate, the transistor and the organic insulating film
between the first substrate and the second substrate, and liquid crystal layer is not
provided between the organic insulating film and the second substrate. In this case, the
organic insulating film functions as a spacer for holding space between the first
substrate and the second substrate.

[0013]

The inorganic insulating film may include an oxide insulating film in contact
with the other éurface of the oxide semiconductor film and a nitride insulating film in
contact with the oxide insulating film.

[0014]

The display device may further include a pixel electrode connected to one of a
pair of electrodes. In this case, the pixel electrode is formed using a light-transmitting
conductive film. The display device may further include a metal oxide film formed in
contact with the‘gate insulating film and the inorganic insulating film and overlapping

with the pixel electrode with the inorganic insulating film provided therebetween.

Note that an upper surface of the metal oxide film may be in contact with the inorganic

insulating film. Note that the metal oxide film contains the same metal element as the
oxide semiconductor film. Furthermore, the pixel electrode, the inorganic insulating
film, and the metal oxide film function as a capacitor. '

[0015]

Alternatively, the pixel electrode may be a metal oxide film formed over the
gate insulating film and containing the same metal element as the oxide semiconductor
film. In this case, the display device further includes a light-transmitting conductive
film overlapping with the pixel electrode with the inorganic insulating film provided
therebetween, and the light-transmitting conductive film functions as a common
electrode. Furthermore, the pixel electrode, the inorganic insulating film, and the
light-transmitting conductive film function as a capacitor.

[0016]

The oxide semiconductor film may contain an In-Ga oxide, In-Zn oxide, or an
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In-M-Zn oxide (M is Al, Ga, Y, Zr, Sn, La, Ce, or Nd). Alternatively, the oxide
semiconductor film may have a multilayer structure of a first film and a second film,
and the first film may differ from the second film in atomic ratio of metal elements.
[0017]

According to one embodiment of the present invention, a display device with
excellent display quality can be provided. A display device having a high aperture
ratio and including a capacitor which can increase charge capacity can be provided. A
display device with low power consumption can be provided. A display device
including a transistor having excellent electrical characteristics can be provided. A
display device having a high aperture ratio and a wide viewing angle in fewer steps can
be manufactured. A novel display device can be provided. Note that the description
of these effects does not disturb the existence of other effects. One embodiment of the
present invention does not necessarily achieve all the objects listed above. Other
effects will be apparent from and can be derived from the description of the

specification, the drawings, the claims, and the like.

BRIEF DESCRIPTION OF DRAWINGS
[0018]

FIGS. 1A to 1E are a top view and cross-sectional views illustrating one
embodiment of a semiconductor device.

FIGS. 2A and 2B are cross-sectional views illustrating one embodiment of a
semiconductor device.

FIGS. 3A to 3C are a block diagram and circuit diagrams illustrating one
embodiment of a display device.

FIG. 4 is a top view illustrating one embodiment of a display device.

FIG. 5 is a cross-sectional view illustrating one embodiment of a display
device.

| FIG. 6 is a cross-sectional view illustrating one embodiment of a display

device.

FIG. 7 is a cross-sectional view illustrating one embodiment of a display
device.

FIG. 8 is across-sectional view illustrating one embodiment of a display
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device.

FIG. 9 is a cross-sectional view illustrating one embodiment of a display
device.

FIGS. 10A to 10D are cross-sectional views i‘llustrating one embodiment of a
method for manufacturing a display device.

FIGS. 11A to 11D are cross-sectional views illustrating one embodiment of a
method for manufacturing a display device.

FIGS. 12A to 12C are cross-sectional views illustrating one embodiment of a
method for manufacturing a display device.

FIG. 13 is a cross-sectional view illustrating one embodiment of a method for
manufacturing a display device.

FIGS. 14A and 14B are a top view and a cross-sectional view illustrating one
embodiment of a display device.

FIG. 15 1satop view illustrating one embodiment of a display device.

FIG. 16 is a top view illustrating one embodiment of a display device.

FIG. 17 is a top view illustrating one embodiment of a display device.

FIG. 18 is a top view illustrating one embodiment of a display device.

FIG. 19 is a top view illustrating one embodiment of a display device.

FIG. 20 is a cross-sectional view illustrating one embodiment of a display
device.

FIGS. 21A to 21C are cross-sectional views illustrating one embodiment of a
method for manufacturing a display device.

FIGS. 22A to 22C are cross-sectional views illustrating one embodiment of a
method for manufacturing a display device.

FIG. 23 is a cross-sectional view illustrating one embodiment of a display
device.

FIG. 24 is a cross-sectional view illustrating one embodiment of a display
device.

FIGS. 25A to 25C are cross-sectional views illustrating one embodiment of a
method for manufacturing a display device.

FIGS. 26A and 26B are each a cross-sectional view illustrating one

embodiment of a display device.
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FIGS. 27A to 27C are cross-sectional TEM images and a local Fourier
transform image of an oxide semiconductor.

FIGS. 28A and 28B show nanobeam electron diffraction patterns of oxide
semiconductor films and FIGS. 28C and 28D illustrate an example of a transmission
electron diffraction measurement apparatus.

FIG. 29A shows an example of structural analysis by transmission electron
diffraction measurement and FIGS. 29B and 29C show plan-view TEM images.

FIGS. 30A and 30B are conceptual diagrams illustrating examples of a driving
method of a display device.

FIG. 31 illustrates a display module.

FIGS. 32A to 32D are external views each illustrating one mode of an
electronic device.

FIG. 33 is a cross-sectional view illustrating one embodiment of a display
device.

FIG. 34 is a graph showing temperature dependence of conductivity.

FIG. 35 shows a change in crystal parts by electron beam irradiation.

BEST MODE FOR CARRYING OUT THE INVENTION
[0019]

Embodiments of the present invention will be described below in detail with
reference to the drawings. Note that the present invention is not limited to the
following description, and it is easily understood by those skilled in the art that the
mode and details can be variously changed without departing from the spirit and scope
of the present invention. Therefore, the present invention should not be construed as
being limited to the description in the following embodiments. In addition, in the
following embodiments, the same portions or portions having similar functions are
denoted by the same reference numerals or the same hatching patterns in different
drawings, and description thereof will not be repeated.

[0020]

Note that in each drawing described in this specification, the size, the film

thickness, or the region of each component is exaggerated for clarity in some cases.

Therefore, embodiments of the present invention are not limited to such a scale.
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[0021]

In addition, terms such as “first”, “second”, and “third” in this specification are
used in order to avoid confusion among components, and the terms do not limit the
components numerically. Therefore, for example, the term “first” can be replaced with
the term “second”, “third”, or the like as appropriate.

[0022]

Functions of a “source” and a “drain” are sometimes replaced with each other
when the direction of current flow is changed in circuit operation, for example.
Therefore, the terms “source” and “drain” can be used to denote the drain and the source,
respectively, in this specification.

[0023]

Note that a voltage refers to a difference between potentials of two points, and
a potential refers to electrostatic energy (electric potential energy) of a unit chargeiat a
given point in an electrostatic field. Note that in general, a difference between a
potential of one point and a reference potential is merely called a potential or a voltage,
and a potential and a voltage are used as synonymous words in many cases. Thus, in
this specification, a potential may be rephrased as a voltage and a voltage may be
rephrased as a potential unless otherwise specified.

[0024]

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 “perpendicular” indicates that the angle
formed between two straight lines is greater than or équal 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°.
[0025]
In this specification, trigonal and rhombohedral crystal systems are included in
a hexagonal crystal system.
[0026]
[Embodiment 1]
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In this embodiment, a semiconductor device which is one embodiment of the
present invention is described with reference to drawings.
[0027]

FIGS. 1A to 1C are a top view and cross-sectional views of a transistor 10
included in a semiconductor device. FIG. 1A is a top view of the transistor 10, FIG. 1B
is a cross-sectional view taken along dashed-dotted line A-B in FIG. 1A, and FIG. 1C is
a cross-sectional view taken along dashed-dotted line C-D in FIG. 1A. Note that in
FIG. 1A, a first substrate 11, a gate insulating film 14, an inorganic insulating film 30,
and the like are omitted for simplicity.

[0028]

The transistor 10 illustrated in FIGS. 1A to 1C is a channel-etched transistor
and includes a conductive film 13 functioning as a gate electrode provided over the first
substrate 11, the gate insulating film 14 formed over the first substrate 11 and the
conductive film 13 functioning as a gate electrode, an oxide semiconductor film 19a
overlapping with the conductive film 13 functioning as a gate electrode with the gate
insulating film 14 provided therebetween, and conductive films 21a and 21b functioning
as a source electrode and a drain electrode in contact with the oxide semiconductor film
19a. A first insulating film is provided over the gate insulating film 14, the oxide
semiconductor film 19a, and the conductive films 21a and 21b, and a second insulating
film overlapping with the oxide semiconductor film 19a is provided over the first
insulating film.

[0029]

The total thickness of the first insulating film and the second insulating film is
preferably a thickness at which electric charges are not generated on the surface of the
second insulating film when a voltage is applied to the conductive film 13 functioning
as a gate electrode, typically a thickness greater than or equal to 600 nm. Note that in
order to reduce the amount of defects at an interface with the oxide semiconductor film
19a, the first insulating film is preferably an inorganic insulating film, typically an oxide
insulating film is included. In order to shorten the process time, the second insulating
film is preferably an organic insulating film. In the following description, the
inorganic insulating film 30 is used as the first insulating film, and an organic insulating

film 31 is used as the second insulating film. Moreover, an end portion of the gate
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electrode is positioned on an outer side of an end portion of the organic insulating film.
Alternatively, an end portion of the gate electrode does not overlap with the organic
insulating film.

[0030]

The inorganic insulating film 30 includes at least an oxide insulating film, and
the oxide insulating film is preferably stacked with a nitride insulating film. The oxide
insulating film is formed in a region of the inorganic insulating film 30 which is in
contact with the oxide semiconductor film 19a, whereby the amount of defects at an
interface between the oxide semiconductor film 19a and the inorganic insulating film 30
can be reduced.

[0031]

The nitride insulating film functions as a barrier film against water, hydrogen,
or the like. When water, hydrogen, or the like enters the oxide semiconductor film 19a,
oxygen contained in the oxide semiconductor film 19a reacts with water, hydrogen, or
the like and therefore an oxygen vacancy is formed in the oxide semiconductor film 19a.
Furthermore, when carriers are generated in the oxide semiconductor film 19a by
oxygen vacancies, the threshold voltage of the transistor shifts in the negative direction;
accordingly, the transistor has normally-on characteristic. Therefore, by providing a
nitride insulating film as a portion of the inorganic insulating film 30, the diffusion
amount of water, hydrogen, or the like from the outside to the oxide semiconductor film
19a can be reduced and thus the amount of defects in the oxide semiconductor film 19a
can be reduced. Accordingly, an oxide insulating film and a nitride insulating film are
stacked in this order on the oxide semiconductor film 19a side in the inorganic
insulating film 30, Wherebby the amount of defects at the interface between the oxide
semiconductor film 19a and the inorganic insulating film 30 and the amount of oxygen
vacancies in the oxide semiconductor film 19a can be reduced and therefore a transistor
having normally-off characteristic can be manufactured.

[0032] |

Furthermore, in the transistor 10 shown in this embodiment, the isolated
organic insulating film 31 overlaps with the oxide semiconductor film 19a over the
inorganic insulating film 30.

[0033]
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The thickness of the organic insulating film 31 is preferably greater than or

equal to 500 nm and less than or equal to 10 um.
[0034] '

The organic insulating film 31 is formed using an organic resin such as an
acrylic resin, a polyimide resin, or an epoxy resin.
[0035]

Here, the case where a negative voltage is applied to the conductive film 13
functioning as a gate electrode when the organic insulating film 31 is not formed over -
the inorganic insulating film 30 is described with reference to FIG. 2B.

[0036]

~ When a negative voltage is applied to the conductive film 13 functioning as a
gate electrode, an electric field is generated. The electric field is not blocked with the
oxide semicoﬁductor film 19a and affects the inorganic insulating film 30; therefore, the
surface of the inorganic insulating film 30 is weakly positively charged. Moreover,
when a negative voltage is applied to the conductive film 13 functioning as a gate
electrode, positively charged particles contained in the air are adsorbed on the surface of
the inorganic insuiating film 30 and weak positive electric charges are generated on the
surface of the inorganic insulating film 30.
[0037] ,

The surface of the inorganic insulating film 30 is positively charged, so that an
electric field is generated and the electric field affects the interface between the oxide
semiconductor film 19a and the inorganic insulating film 30. Thus, the interface
between the oxide semiconductor film 19a and the inorganic insulating film 30 is
substantially in a state to which a positive bias is applied and therefore the threshold
voltage of the transistor shifts in the negative direction.

[0038]

On the other hand, the transistor 10 illustrated in FIG. 2A in this embodiment
includgs the organic insulating film 31 over the inorganic insulating fitm 30. Since the
thickness of the organic insulating film 31 is as large as 500 nm or more, the electric
field generated by application of a negative voltage to the conductive film 13
functioning as a gate electrode does not affect the surface of the organic insulating film

31 and the surface of the organic insulating film 31 is not positively charged easily.



10

15

20

25

30

WO 2015/060203 12 PCT/JP2014/077625

Moreover, since the thickness is as large as 500 nm or more, electric fields of positively
charged particles contained in the air does not affect the interface between the oxide
semiconductor film 19a and the inorganic insulating film 30 even when the positively
charged particles are adsorbed on the surface of the organic insulating film 31. Thus,
the interface between the oxide semiconductor film 19a and the inorganic insulating
film 30 is not substantially a state to which a positive bias is applied and therefore the
amount of change in threshold voltage of the transistor is small.

[0039]

Although water or the like diffuses easily in the organic insulating film 31,
water from the outside does not diffuse to a semiconductor device through the organic
insulating film 31 because the organic insulating ﬁlhl 1s isolated in each transistor 10.
In addition, a nitride insulating film is included in the inorganic insulating film 30,
whereby water diffused from the outside to the organic insulating film 31 can be.
prevented from diffusing to the oxide semiconductor film 19a.

[0040]

As described above, the variation in electrical characteristics of the transistors
can be reduced by providing the isolated organic insulating films 31 over the transistors.
In addition, a transistor having normally-off characteristic and high reliability can be
manufactured. Moreover, the organic insulating film can be formed by a printing
method, a coating method, or the like; therefore, the manufacturing time can be
shortened. |
[0041]
<Modification example 1>

A modification example of the transistor describeci in this embodiment is
described with reference to FIG. 1D. A transistor 10a shown in this modification
example includes an oxide semiconductor film 19g and a pair of conductive films 21f
and 21g which are formed with a multi-tone photomask.

[0042]

With the use of a multi-tone photomask, a resist mask having a plurality of
thicknesses can be formed.  After the oxide semiconductor film 19g is formed with the
resist mask, the resist mask is exposed to oxygen plasma or the like and is partly

removed; accordingly, a resist mask for forming a pair of conductive films is formed.
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Therefore, the number of steps in the photolithography process in the process of
forming the oxide semiconductor film 19g and the pair of conductive films 21f and 21g
can be reduced.

[0043]

Note that outside the pair of conductive films 21f and 21g, the oxide
semiconductor film 19g formed with a multi-tone photomask is partly exposed in the
planar shape.

[0044]
<Modification example 2>

A modification example of the transistor des.cribed in this embodiment is
described with reference to FIG. 1E. A transistor 10b described in this modification
example is a channel-protective transistor.

[0045]

The transistor 10b illustrated in FIG. 1E includes the conductive film 13
functioning as a gate electrode provided over the first substrate 11, the gate insulating
film 14 formed over the first substrate 11 and the conductive film 13 functioning as a
gate electrode, the oxide semiconductor film 19a overlapping with the conductive film
13 functioning as a gate electrode with the gate insulating film 14 provided
therebetween, an inorganic insulating film 30a covering a channel region and side
surfaces of the oxide semiconductor film 19a, and conductive films 21h and 21i

functioning as a source electrode and a drain electrode in contact with the oxide

'semiconductor film 19a in an opening of the inorganic insulating film 30a. In addition,

the organic insulating film 31 overlapping with the oxide semiconductor film 19a with
the inorganic insulating film 30a provided therebetween is included. The organic
insulating film 31 is provided over the conductive films 21h and 211 and the inorganic
insulating film 30a. |

[0046]

In the channel-protective transistor, the oxide semiconductor film 19a is not
damaged by etching for forming the conductive films 21h and 21i because the oxide
semiconductor film 19a is covered with the inorganic insulating film 30a. Therefore,
defects in the oxide semiconductor film 19a can be reduced.

[0047)
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Note that the structures, methods, and the like described in this embodiment
can be used as appropriate in combination with any of the structures, methods, and the
like described in the other embodiments.

[0048]
[Embodiment 2]

In this embodiment, a display device which is one embodiment of the present
invention is described with reference to drawings.
[0049]

FIG. 3A illustrates an example of a display device. A display device
illustrated in FIG. 3A includes a pixel portion 101; a scan line driver circuit 104; a signal
line driver circuit 106; m scan lines 107 which are arranged parallel or substantially
parallel to each other and whose potentials are controlled by the scan line driver circuit
104; and » signal lines 109 which are arranged parallel or substantially parallel to each
other and whose potentials are controlled by the signal line driver circuit 106. The
pixel portion 101 further includes a plurality of pixels 103 arranged in a matrix.
Furthermore, capacitor lines 115 arranged parallel or substantially parallel are provided
along the signal lines 109. Note that the capacitor lines 115 may be arranged parallel
or substantially parallel along the scan lines 107. The scan line driver circuit 104 and
the signal line driver circuit 106 are collectively referred to as a driver circuit portion in

some cases.
[0050] _

In addition, the display device also includes a driver circuit for driving a
plurality of pixels, and the like. The display device may also be referred to as a liquid
crystal module including a control circuit,_ a power supply circuit, a signal generation
circuit, a backlight module, and the like provided over another substrate.

[0051]

Each scan line 107 is electrically connected to the »n pixels 103 in the
corresponding row among the pixels 103 arranged in m rows and » columns in the pixel
portion 101. Each signal line 109 is electrically connected to the m pixels 103 in the
corresponding column among the pixels 103 arranged in m rows and » columns. Note
that m and » are each an integer of 1 or more. Each capacitor line 115 is electrically

connected to the m pixels 103 in the corresponding columns among the pixels 103
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arranged in m rows and n columns. Note that in the case where the capacitor lines 115
are arranged parallel or substantially parallel along the scan lines 107, each capacitor
line 115 is electrically connected to the » pixels 103 in the corresponding rows among
the pixels 103 arranged in m rows and » columns.

[0052]

Note that here, a pixel refers to a region surrounded by scan lines and signal
lines and exhibiting one color. Therefore, in the case of a color display device having

color elements of R (red), G (green), and B (blue), a minimum unit of an image is

~ composed of three pixels of an R pixel, a G pixel, and a B pixel. Note that color

reproducibility can be improved by adding a yellow pixel, a cyan pixel, a magenta pixel,
or the like to the R pixel, the G pixel, and the B pixel. Moreover, power consumption
of the display device can be reduced by adding a W (white) pixel to the R pixel, the G
pixel, and the B pixel. In the case of a liquid crystal display device, brightness of the
liquid crystal display device can be improved by adding a W pixel to each of the R pixel,
the G pixel, and the B pixel. As-a result, the power consumption of the liquid crystal
display device can be reduced.
[0053]

FIGS. 3B and 3C illustrate examples of a circuit configuration that can be used
for the pixels 103 in the display device illustrated in FIG. 3A.
[0054]

The pixel 103 in FIG. 3B includes a liquid crystal element 121, a transistor 102,
and a capacitor 105.

[0055]

The potential of one of a pair of electrodes of the liquid crystal element 121 is
set as appropriate according to the specifications of the pixel 103. The alignment state
of the liquid crystal element 121 depends on written data. A common potential may be
supplied to one of the pair of electrodes of the liquid crystal element 121 included in
each of a plurality of pixels 103. Furthermore, the potential supplied to the one of the
pair of electrodes of the liquid crystal element 121 in the pixel 103 in one row may be
different from the potential supplied to the one of the pair of electrodes of the liquid
crystal element 121 in the pixel 103 in another row. '

[0056]
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The liquid crystal element 121 is an element that controls transmission or
non-transmission of light utilizing an optical modulation action of liquid crystal. Note
that the optical modulation action of the liquid crystal is controlled by an electric field
applied to the liquid crystal (including a horizontal electric field, a vertical electric field,
and a diagonal electric field). Examples of the liquid crystal element 121 are a nematic
liquid crystal, a cholesteric liquid crystal, a smectic liquid crystal, a thermotropic liquid
crystal, a lyotropic liquid crystal, a ferroelectric liquid crystal, and an anti-ferroelectric
liquid crystal.

[0057]

As examples of a driving method of the display device including the liquid
crystal element 121, any of the following modes can be given: a TN mode, a VA mode,
an ASM (axially symmetric aligned micro-cell) mode, an OCB (optically compensated
birefringence) mode, an MVA mode, a PVA (patterned vertical alignment) mode, an IPS
mode, an FFS mode, a TBA (transverse bend alignment) mode, and the like. Note that
one embodiment of the present invention is not limited to this, and various liquid crystal
elements and driving methods can be used as a liquid crystal element and a driving
method thereof.

[0058]

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

[0059]

In the structure of the pixel 103 illustrated in FIG. 3B, one of a source electrode
and a drain electrode of the transistor 102 is electrically connected to the signal line 109,
and the other is electrically connected to the other of the pair of electrodes of the liquid
crystal element 121. A gate electrode of the transistor 102 is electrically connected to
the scan line 107. The transistor 102 has a function of controlling whether to write a
data signal by being turned on or off.

[0060]
In the pixel 103 in FIG. 3B, one of a pair of electrodes of the capacitor 105 is
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electrically connected to the capacitor line 115 to which a potential is supplied, and the
other thereof is electrically connected to the other of the pair of electrodes of the liquid
crystal element 121. The potential of the capacitor line 115 is set as appropriate in
accordance with the specifications of the pixel 103. The capacitor 105 functions as a
storage capacitor for storing written data.

[0061]

For example, in the display device including the pixel 103 in FIG. 3B, the
pixels 103 are sequentially selected row by row by the scan line driver circuit 104,
whereby the transistors 102 are turned on and data of a data signal is written.

[0062] |

When the transistors 102 are turned off, the pixels 103 in which the data has
been written are brought into a holding state. This operation is sequentially pérformed
row by row; thus, an image is displayed.

[0063] ‘

The pixel 103 in FIG. 3C includes a transistor 133 performing switching of a
display element, the transistor 102 controlling pixel driving, a transistor 135, the
capacitor 105, and a light-emitting element 131.

[0064]

One of a source electrode aﬁd a drain electrode of the transistor 133 is
electrically connected to the signal line 109 to which a data signal is supplied. A gate
electrode of the transistor 133 is electrically connected to a scan line 107 to which a gate
signal is supplied.

[0065]

The transistor 133 has a function of controlling whether to write a data signal
by being turned on or off.
[0066]

One of a source electrode and a drain electrode of the transistor 102 is
electrically connected to a wiring 137 serving as an anode line, and the other is
electrically connected to one electrode of the light-emitting element 131. The gate
electrode of the transistor 102 is electrically connected to the other of the source
electrode and the drain electrode of the transistor 133 and one electrode of the capacitor

105.
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[0067]

The transistor 102 has a function of controlling current flowing through the
light-emitting element 131 by being turned on or off.
[0068]

One of a source electrode and a drain electrode of the transistor 135 is
connected to a wiring 139 to which a reference potential of data is supplied, and the
other thereof is electrically connected to the one electrode of the light-emitting element
131 and the other electrode of the capacitor 105. Moreover, a gate electrode of the
transistor 135 is electrically connected to the scan line 107 to which the gate signal is
supplied.

[0069]

The transistor 135 has a function of adjusting the current flowing through the
light-emitting element 131. For example, ‘when the internal resistance of the
light-emitting element 131 increases because of deterioration or the like of the
light-emitting element 131, the current flowing through the light-emitting element 131
can be corrected by monitoring current flowing through the wiring 139 to which the one
of the source electrode and the drain electrode of the transistor 135 is connected. The
potential supplied to the wiring 139 can be set to 0 V, for example.

[0070]

The one electrode of the capacitor 105 is electrically connected to the gate
electrode of the transistor 102 and the other of the source‘ electrode and the drain
electrode of the transistor 133, and the other electrode of the capacitor 105 is electrically
connected to the other of the source electrode and the drain electrode of the transistor
135 and the one electrode of the light-emitting element 131.

[0071] |

In the pixel 103 in FIG.. 3C, the capacitor 105 functions as a storage capacitor
for storing written data.
[0072] |

The one electrode of the light-emitting element 131 is electrically connected to
the other of the source electrode and the drain electrode of the transistor 135, the other
electrode of the capacitor 105, and the other of the source electrode and the drain

electrode of the transfstor 102. Furthermore, the other electrode of the light-emitting
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element 131 is electrically connected to a wiring 141 serving as a cathode.
[0073]

As the light-emitting element 131, an organic electroluminescent element (also
referred to as an organic EL element) or the like can be used, for example. Note that.
the light-emitting element 131 is not limited to an organic EL element; an inorganic EL
element including an inorganic material may be used.

[0074]

A high power supply potential VDD is supplied to one of the wiring 137 and
the wiring 141, and a low power supply potential VSS is supplied to the other. In the
structure of FIG. 3C, the high power supply potential VDD is supplied to the wiring 137,
and the low power supply potential VSS is supplied to the wiring 141.

[0075] | ‘

For example, in the display device including the pixel 103 in FIG 3C, the
pixels 103 are sequentially selected row by row by the scan line driver circuit 104,
whereby the transistors 102 are turned on and data of a data signal is written.

[0076]

When the transistors 133 are turned off, the pixels 103 in which the data has
been written are brought into a holding state. The transistor 133 is connected to the
capacitor 105, and thus written data can be stored for a long period. The amount of
current flowing between the source and drain electrodes is controlled by the transistor
133. The light-emitting element 131 emits light with a luminance corresponding to the
amount of flowing current. This operation is sequentially performed row by row; thus,
an image is displayed. |
[0077]

Note that although FIGS. 3B and 3C each illustrate an example where the
liquid crystal element 121 and the light-emitting element 131 are used as a display
element, one embodiment of the present invention is not limited thereto. Any of a
variety of display elements may be used. Examples of display elements include
elements including a display medium | whose contrast, luminance, reflectance,
transmittance, or the like is changed by electromagnetic action, such as an EL
(electroluminescent) element (e.g., an EL element including organic and inorganic

materials, an organic EL element, and an inorganic EL element), an LED (e.g., a white
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LED, a red LED, a green LED, and a blue LED), a transistor (a transistor that emits
light depending on a current), an electron emitter, electronic ink, an electrophoretic
element, a grating light valve (GLV), a plasma display panel (PDP), a micro electro
mechanical system (MEMS), a digital micromirror device (DMD), a digital micro
shutter (DMS), an interferometric modulator display (IMOD), an electrowetting element,

a piezoelectric ceramic display, and a carbon nanotube. Note that examples of display

- devices including EL elements include an EL display. Examples of display devices

including electron emitters are a field emission display (FED) and an SED-type flat
panel display (SED: surface-conduction electron-emitter display). Examples of
display devices including liquid crystal elements include a liquid crystal display (e.g., a
transmissive liquid crystal display, a transflective liquid crystal display, a reflective
liquid crystal display, a direct-view liquid crystal display, or a pfojection liquid crystal
display) and the like. An example of a display device including electronic ink or
electrophoretic elements is electronic paper.

[0078]

Next, a specific structure of an element substrate included in the display device
is described. Here, a specific example of a liquid crystal display device including a
liquid crystal element in the pixel 103 is described. FIG. 4 is a top view of the pixel
103 shown in FIG. 3B.
[0079]

Here, a liquid crystal display device driven in an FFS mode is used as the
display device, and FIG. 4 is a top view of a plurality of pixels 103a, 103b, and 103c
included in the liquid crystal display device.

[0080]

In F.IG. 4, a conductive film 13 functioning as a scan line extends in a direction
substantially perpendicularly to a conductive film functioning as a signal line (in the
lateral direction in the drawing). The conductive film 21a functioning as a signal line
extend in a direction substantially perpendicularly to the conductive film functioning as
a scan line (in the vertical direction in the drawing). Note that the conductive film 13
functioning as a scan line is electrically connected to the scan line driver circuit 104 (see
FIG. 3A), and the conductive film 21a functioning as a signal line is electrically

connected to the signal line driver circuit 106 (see FIG. 3A).
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[0081]

The transistor 102 is provided in a region where the conductive film
functioning as a scan line and the conductive film functioning as a signal line intersect
with each other. The transistor 102 includes the conductive film 13 functioning as a
gate electrode; a gate insulating film (not illustrated in FIG. 4); the oxide semiconductor
film 19a where a channel region is formed, over the gate insulating film; and the
conductive film 21a and a conductive film 21b .functioning as a source electrode and a
drain electrode. The conductive film 13 also functions as a conductive film
functioning as a scan line, and a region of the conductive film 13 that overlaps with the
oxide semiconductor film 19a serves as the gate electrode of the transistor 102. In
addition, the conductive film 21a also functions as a conductive film functioning as a
signal line, and a region of the conductive film 21a that overlaps with the oxide
semiconductor film 19a functions as the source electrode or the drain electrode of the
transistor 102. Furthermore, in the top view of FIG. 4, an end portion of the
conductive film functioning as a scan line is positioned on an outer side of an end
portion of the oxide semiconductor film 19a. Thus, the conductive film functioning as
a scan line functions as a light-blocking film for blocking light from a light source such
as a backlight. For this feason, the oxide semiconductor film 19a included in the
transistor is not irradiated with light, so that a variation in the electrical characteristics
of the transistor can be suppressed.

[0082]

In addition, the transistor 102 includes the organic insulating film 31
overlapping with the oxide semiconductor film 19a. The organic insulating film 31
overlaps with the oxide semiconduétor film 19a (in particular, a region of the oxide
semiconductor film 19a which is between the conductive films 21a and 21b) with an
inorganic insulating film (not illustrated in FIG. 4) provided therebetween.

[0083]

Water from the outside does not diffuse to the liquid crystal display device
through the organic insulating film 31 because the organic insulating film 31 is isolated
in each transistor 10; therefore, the variation in electrical characteristics of the
transistors provided in the liquid crystal display device can be reduced.

[0084]
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The conductive film 21b is electrically connected to a pixel electrode 19b. A
common electrode 29 is provided over the pixel electrode 19b with an insulating film
provided therebetween. An opening 40 indicated by a dashed-dotted line is provided
in the insulating film provided over the pixel electrode 19b. The pixel electrode 19b is
in contact with a nitride insulating film (not illustrated in FIG. 4) in the opening 40.
[0085]

The common electrode 29 includes stripe regions extending in a direction
intersecting with the conductive film 21a functioning as a signal line. The stripe
regions are connected to a region extending in a direction parallel or substantially
parallel to the conductive film 21a functioning as a signal line. Accordingly, the stripe
regions of the common electrode 29 are at the same potential in pixels.

[0086]

The capacitor 105 is formed in a region where the pixel electrode 19b and the
common electrode 29 overlap with each other. The pixel electrode 19b and the
common electrode 29 each have a light-transmitting property. That is, the capacitor
105 has'a light-transmitting property. |
[0087]

As illustrated in FIG. 4, an FFS mode liquid crystal display device is provided
with the common electrode including the stripe regions extending in a direction |
intersecting with the conductive film functioning as a signal line. Thus, the display
device can have excellent contrast. \

[0088] \
' Owing to the light-transmitting property of the capacitor 105, the capacitor 105
can be formed large (in a large area) in the pixel 103. Thus, a display device with a
large-capacitance capacitor as well as an aperture ratio increased to typically 50 % or
more, preferably 60 % or more can be provided. For example, in a high-resolution
display device such as a liquid crystal display device, the area of a pixel is small and
accordingly the area of a capacitor is also small. For this reason, the amount of
charges accumulated in the capacitor is small in the high-resolution display device.
However, since the capacitor 105 of this embodiment has a light-transmitting property,

when the capacitor 105 is provided in a pixel, sufficient capacitance can be obtained in
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the pixel and the aperture ratio can be improved. Typically, the capacitor 105 can be
favorably used for a high-resolution display device with a pixel density of 200 pixels
per inch (ppi) or more, 300 ppi or more, or furthermore, 500 ppi or more.

[0089]

“In a liquid crystal display device, as the capacitance value of a capacitor is
increased, a period during which the alignment of liquid crystal molecules of a liquid
crystal element can be kept constant in the state where ah electric field is applied can be
made longer. When the period can be made longer in a display device which displays
a still image, the number of times of rewriting image data can be reduced, leading to a
reduction in power consumption. Furthermore, according to the structure of this
embodiment, the aperture ratio can be improved even in a high-resolution display
device, which makes it possible to use light from‘ a light source such as a backlight
efficiently, so that power consumption of the display device can be reduced.

[0090]

Next, FIG. 5 is a cross-sectional view taken along dashed-dotted lines A-B and
C-D in FIG. 4. The transistor 102 illustrated in FIG. 5 is a channel-etched transistor.
Note that the transistor 102 in the channel length direction and the capacitor 105 are
illustrated in the cross-sectional view taken along dashed-dotted line A-B, and the
transistor 102 in the channel width direction is illustrated in the cross-sectional view
taken along dashed-dotted line C-D.

[0091]

The liquid crystal display device described in this embodiment includes a pair
of substrates (the first substrate 11 and a second substrate 342), an element layer in
contact with the first substrate 11, an element layer in contact with the second substrate
342, and a liquid crystal element 320 provided between the element layers. Note that
the element layer is a generic term used to refer to layers interposed between the
substrate and the liquid crystal layer. A liquid crystal element 322 is provided between
a pair of substrates (the first substrate 11 and the second substrate 342).

[0092]
The liquid crystal element 322 includes the pixel electrode 19b over the first

- substrate 11, the common electrode 29, a nitride insulating film 27, a film controlling

alignment (hereinafter referred to as an alignment film 33), and the liquid crystal layer
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320. The pixel electrode 19b functions as one electrode of the liquid crystal element
322, and the common electrode 29 functions as the other electrode of the liquid crystal
element 322.

[0093]

First, the element layer formed over the first substrate 11 is described. The
transistor 102 in FIG. 5 has a single-gate structure and includes the conductive film 13
functioning as a gate electrode over the first substrate 11. In addition, the transistor
102 includes a nitride insulating film 15 formed over the first substrate 11 and the
conductive film 13 functioning as a gate electrode, an oxide insulating film 17 formed
over the nitride insulating film 15, the oxide semiéonductor film 19a overlapping with
the conductive film 13 functioning as a gate electrode with the nitride insulating film 15
and the oxide insulating film 17 provided therebetween, and the conductive films 21a
and 21b functioning as a source electrode and a drain electrode which are in contact
with the oxide semiconductor film 19a. The nitride insulating film 15 and the oxide
insulating - film 17 function as the gate insulating film 14. Moreover, an oxide
insulating film 23 1s formed over the oxide insulating film 17, the oxide semiconductor
film 19a, and the conductive films 21a and 21b functioning as a source electrode and a
drain electrode, and an oxide insulating film 25 is formed over the oxide insulating film
23. The nitride insulating film 27 is formed over the oxide insulating film 23, the
oxide insulating film 25, and the conductive film 21b. The oxide insulating film 23,
the oxide insulating film 25, and the nitride insulating film 27 function as the inorganic
insulating film 30. The pixel electrode 19b is formed over the oxide insulating film 17.
The pixel electrode 19b is connected to one of the conductive films 2la and 21b
functioning as a source electrode and a drain electrode, here, connected to the
conductive film 21b. The common electrode 29 is formed over the nitride insulating |
film 27. In addition, the organic insulating film 31 overlapping with the oxide
semiconductor film 19a of the transistor 102 with the inorganic insulating film 30
provided therebetween is included.

[0094]

A region where the pixel electrode 19b, the nitride insulating film 27, and the

common electrode 29 overlap with one another functions as the capacitor 105.

[0095]
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The thickness of the organic insulating film 31 is preferably greater than or
equal to 500 nm and less than or equal to 10 um. The thickness of the organic

insulating film 31 in FIG. 5 is smaller than a gap between the inorganic insulating film

30 formed over the first substrate 11 and the element layer formed on the second

substrate 342. Therefore, the liquid crystal layer 320 is provided between the organic
insulating film 31 and the element layer formed on the second substrate 342. In other
words, the liquid crystal layer 320 is provided between the alignment film 33 over the
organic insulating film 31 and an alignment film 352 included in the element layer on
the second substrate 342.

[0096]

Note that as illustrated tn FIG. 6, the alignment film 33 over the organic
insulating film 31a and the alignment film 352 included in the element layer on the
second substrate 342 may be in contact with each other. In this case, the organic
insulating film 31a functions as a spacer; therefore, the cell gap of the liquid crystal
display device can be maintained with the organic insulating film 31a.

[0097]

Although the alignment film 33 is provided over the organic insulating film 31,
the organic insulating film 31a, or the like in FIG. 5, FIG. 6, or the like, one embodiment
of the present invention is not limited thereto. As illustrated in FIG. 33, an organic
insulating film 31b may be provided over the alignment film 33 in some cases or
depending on circumstances. In this case, a rubbing step may be performed after the
formation of the organic insulating film 31b or the like over the alignment film 33
instead of directly after the formation of the alignment film 33, fof example.

[0098]

The organic insulating film 31, 31a, or 31b overlapping with the oxide
semiconductor film 19a is providéd over the transistor 102, whereby the surface of the
oxide semiconductor film 19a can be made apart from the surface of the organic
insulating film 31, 31a, or 31b. Thus, the surface of the oxide semiconductor film 19a
is not affected by the electric field of positively charged particles adsorbed on the
surface of the organic insulating film 31, 31a, or 31b and therefore the reliability of the
transistor 102 can be improved.

[0099]
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Note that a cross-sectional view of one embodiment of the present invention is
not limited to FIG. 5, FIG. 6, and FIG. 33. The display device can have a variety of
different structures. For example, the pixel electrode 19b may have a slit. The pixel
electrode 19b may have a comb-like shape. An example of a cross-sectional view in
this case is shown in FIG. 7. Alternatively, an organic insulating film 31¢ which is not
isolated may be provided over the nitride insulating film 27 as illustrated in FIG. 8.
For example, the organic insulating film 31c which is not isolated is provided, whereby
the surface of the organic insulating film 31c can be made flat. In other words, as an
example, the organic insulating film 3lc can function as a planarization ﬁhﬁ.
Alternatively, a capacitor 105b may be formed so that the common electrode 29 and the
conductive film 21b overlap with each other as illustrated in_F IG. 9. Such a structure

enables the capacitor 105b to function as a capacitor holding the potential of the pixel

_electrode. Therefore, with such a structure, capacitance of the capacitor can be

increased.

[0100]

A structure of the display device is described below in detail.
[0101]

There is no particular limitation on the property of a material and the like of the
first substrate 11 as long as the material has heat resistance enough to withstand at least
later heat treatment. For example, a glass substrate, a ceramic substrate, a quartz
substrate, or a sapphire substrate may be used as the first substrate 11.  Alternatively, a
single crystal semiconductor substrate or a polycrystalline semiconductor substrate
made of silicon, silicon carbide, or the like, a compound semiconductor substrate made
of silicon germanium or the like, an SOI (silicon on insulator) substrate, or the like may
be used as the first substrate 11. Furthermore, any of these substrates further provided
with a semiconductor element may be used as the first substrate 11. In the case where
a glass substrate is used as the first substrate 11, a glass substrate having any of the
following sizes can be used: the 6th generation (1500 mm x 1850 mm), the 7th
generation (1870 mm x 2200 mm), the 8th generation (2200 mm x 2400 mm), the 9th
generation (2400 mm x 2800 mm), and the 10th generation (2950 mm x 3400 mm).

Thus, a large-sized display device can be manufactured.
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[0102]

Alternatively, a flexible substrate may be used as the first substrate 11, and the
transistor 102 may be provided directly on the flexible substrate. Alternatively, a
separation layer may be provided between the first substrate 11 and the transistor 102.
The separation layer can be used when part or the whole of a display device formed
over the separation layer is separated from the first substrate 11 and transferred onto
another substrate. In such a case, the transistor 102 can be transferred to a substrate
having low heat resistance or a flexible substrate as well.

[0103]

The conductive film 13 functioning as a gate electrode can be formed using a
metal element selected from aluminum, chromium, copper, tantalum, titanium,
molybdenum, and tungstén; an alloy containing any of these metal elements as a
component; an alloy containing any of these metal elements in combination; or the like.
Furthermore, one or more metal elements selected from manganese and zirconium may
be used. The conductive film 13 functioning as a gate electrode may have a
single-layer structure or a stacked-layer structure of two or more layers. For example,
a single-layer structure of an aluminum film containing silicon, a two-layer structure in
which an aluminum film is stacked over a titanium 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
two-layer structure in which a copper film is stacked over a titanium film, a two-layer
structure in which a copper film is stackéd over a molybdenum film, and a three-layer
structure in which a titanium film, an aluminum film, and a titanium film are stacked in
this order can be given. Alternatively, an alloy film or a nitride film which contains
aluminum and one or more elements sélected from titanium, tantalum, tungsten,
molybdenum, chromium, neodymium, and scandium may be used.

[0104]

The conductive film 13 functioning as a gate electrode 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
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oxide., or indium tin oxide to which silicon oxide is added. It is also possible to have a
stacked-layer structure formed using the above light-transmitting conductive material
and the above metal element.

[0105] |

The nitride insulating film 15 can be a nitride insulating film that is hardly
permeated by oxygen. Furthermore, a nitride insulating film which is hardly
permeated by oxygen, hydrogen, and water can be used. As the nitride insulating film
that is hardly permeated by oxygen and the nitride insulating film that is hardly
permeated by oxygen, hydrogen, and water, a silicon nitride film, a.silicon nitride oxide
film, an aluminum nitride film, an aluminum nitrid¢ oxide film, or the like is given.
Instead of the nitride insulating film that is hardly permeated by oxygen and the nitride
insulating film that is hardly permeated by oxygen, hydrogen, and water, an oxide
insulating film such as 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, or a hafnium oxynitride film can be used.

[0106]

The thickness of the nitride insulating film 15 is preferably greater than or
equal to 5 nm and less than or equal to 100 nm, further preferably greater than or equal
to 20 nm and less than or equal to 80 nm.

[0107]

The oxide insulating film 17 may be formed to have a single-layer structure or
a stacked-layer structure using, for example, one or more of 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,
and a silicon nitride film.

[0108]

The oxide insulating film 17 may also be formed using a material having a high
relative dielectric constant such as hafnium stlicate (HfSiO,), hafnium silicate to which
riitrogen is added (HfSiO;N;), hafnium aluminate to which nitrogen is added
(HfALOyN,), hafnium oxide, or yttrium oxide, so that gate leakage current of the
transistor can be reduced.

[0109]
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The thickness of the oxide insulating film 17 is preferably greater than or equal
to 5 nm and less than or equal to 400 nm, further preferably greater than or equal to 10
nm and less than or equal to 300 nm, still further preferably greater than or equal to 50
nm and less than or eqﬁal to 250 nm.
[0110]

The oxide semiconductor film 19a is typically formed usin'g an In-Ga oxide, an
In-Zn oxide, or an In-M-Zn oxide (M represents Al, Ga, Y, Zr, Sn, La, Ce, or Nd).
[0111] | |

In the case where the oxide semiconductor film 19a contains an In-M-Zn oxide,
the proportions of In and M when summation of In and M is assumed to be 100
atomic% are preferably as follows: the atomic percentage of In is greater than 25
atomic% and the atomic percentage of M is less than 75 atomic%, or further preferably,
the atomic percentage of In is greater than 34 atomic% and the atomic percentage of M
is less than 66 atomic%.
[0112]

The energy gap of the oxide semiconductor film 19a is 2 eV or more,

- preferably 2.5 eV or more, further preferably 3 eV or more. The off-state current of

the transistor 102 can be reduced by using an oxide semiconductor having such a wide

energy gap.
[0113]

The thickness of the oxide semiconductor film 19a is greater than or equal to 3
nm and less than or equél to 200 nm, preferably greater than or equal to 3 nm and less
than or equal to 100 nm, further preferably greater than or equal to 3 nm and less than or
equal to 50 nm.

[0114]

In the case where the oxide semiconductor film 19a is an In-M-Zn oxide film
(M represents Al, Ga, Y, Zr, Sn, La, Ce, or Nd), it is preferable that the atomic ratio of
metal elements of a sputtering target used for forming the In-M-Zn oxide film satisfy In
> M and Zn > M. As the atomic ratio of metal elements of such a sputtering target,
In:M:Zn = 1:1:1, In:M:Zn = 1:1:1.2, and In:M:Zn = 3:1:2 are preferable. Note that the

proportion of each metal element in the atomic ratio of the oxide semiconductor film
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19a to be formed varies within a range of £40 % of that in the above atomic ratio of the
sputtering target as an error.
[0115]

An oxide semiconductor film with low carrier density is used as the oxide
semiconductor film 19a. For example, an oxide semiconductor film whose carrier
density is 1 x 10'7 /em® or lower, preferably 1 x 10'° /em® or lower, further preferably 1
x 10" /em® or lower, still further preferably 1 x 10" /em® or lower is used as the oxide
semiconductor film 19a.

[0116]

Note that, without limitation to the compositions described above, a material
with an appropriate composition may be used depending on required semiconductor
characteristics and electrical characteristics (e.g., field-effect mobility and threshold
voltage) of a transistor. Furthermore, in order to obtain required semiconductor
characteristics of a transistor, 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 of the oxide semiconductor film 19a be set
to be appropriate.

[0117]

Note that it is preferable to use, as the oxide semiconductor film 19a, an oxide
semiconductor film in which the impurity concentration is low and density of defect
states is low, in which case the transistor can have more excellent electrical
characteristics. Here, the state in which impurity concentration is low and density of
defect states is low (the amount of oxygen vacancies is small) is referred to as “highly
purified intrinsic” or “substantially highly purified intrinsic”. A highly purified
intrinsic or substantially highly purified intrinsic oxide semiconductor has few carrier
generation sources, and thus has a low carrier density in some cases. Thus, a transistor
in which a Vchannel region is formed in the oxide semiconductor film rarely has a
negative threshold voltage (is rarely normally on). A highly purified intrinsic or
substantially highly purified intrinsic oxide semiconductor film has a low density of
defect states and accordingly has few carrier traps in some cases. Furthermore, the

highly' purified intrinsic or substantially highly purified intrinsic oxide semiconductor
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film has an extremely low off-state current; even when an element has a channel width
of 1 x 10° um and a channel length (L) of 10 pum, the off-state current can be less than
or equal to the measurement limit of a semiconductor parameter analyzer, i.e., less than
or equal to 1 x 107"° A, at a voltage (drain voltage) between a source electrode and a
drain electrode of from 1 V to 10 V.  Thus, the transistor in which a channel region is
formed in the oxide semiconductor film has a small variation in electrical characteristics
and high reliability in some cases. As examples of the impurities, hydrogen, nitrogen,
alkali metal, and alkaline earth metal are given.

[0118]

Hydrogen contained in the oxide semiconductor film reacts with oxygen
bonded to a metal atom to be water, and in addition, an oxygen vacancy is formed in a
lattice from which oxygen is released (or a portion from which oxygen is released).
Due to entry of hydrogen into the oxygen vacancy, an electron serving as a carrier is
generated in some cases. Furthermore, in some cases, bonding of part of hydrogen to
oxygen bonded to a metal atom causes generation of an electron serving as a carrier.
Thus, a transistor including an oxide semiconductor which contains hydrogen is likely
to be normally on.

[0119]

Accordingly, it is preferable that hydrogen be reduced as much as possible as
well as the oxygen vacancies in the oxide semiconductor film 19a. Specifically, in the
oxide semiconductor film 19a, the concentration of hydrogen which is measured by
secondary ion mass spectrometry (SIMS) is set to be lower than or equal to 5 x 10"
atoms/cm’, preferably lower than or equal to 1 x 10" atoms/em®, further preferably
lower than 5 x 10'® atoms/cm’, still further preferably lower th.an or equal to 1 x 10'®
atoms/cm’, yet still further preferably lower than or equal to 5 x 10! atoms/cm’, yet
still furthermore preferably lower than or equal to 1 x 10'® atoms/cm’.

[0120]

When silicon or carbon which is one of elements belonging to Group 14 is
contained in the oxide semiconductor film 19a, oxygen vacancies are increased, and the
oxide semiconductor film 19a becomes an n-type film. Thus, the concentration of

silicon or carbon (the concentration is measured by SIMS) of the oxide semiconductor
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film 19a is set to be lower than or equal to 2 x 10" atoms/em®, preferably lower than or

equal to 2 x 10" atoms/cm’.
[0121]

The concentration of alkali metal or alkaline earth metal in the oxide
semiconductor film 19a, which is measured by SIMS, is set to be lower than or equal to
1 x 10" atoms/cm®, preferably lower than or equal to 2 x 10'® atoms/cm’. Alkali
metal and alkaline earth metal might generate carriers when bonded to an oxide
semiconductor, in which case the off-state current of the transistor might be increased.
Therefore, it is preferable to reduce the concentration of alkali metal or alkaline earth
metal in the oxide semiconductor film 19a.

[0122]

Furthermore, when containing nitrogen, the oxide semiconductor film 19a
easily has n-type conductivity by generation of electrons serving as carriers and an
increase of carrier density. Thus, a transistor including an oxide semiconductor which
contains nitrogen is likely to be normally on. - For this reason, nitrogen in the oxide
semiconductor film is preferably reduced as much as possible; the concentration of

nitrogen which is measured by SIMS is preferably set to be, for example, lower than or

. equal to 5 x 10'® atoms/em’.

[0123]

The oxide semiconductor film 19a may have a non-single-crystal structure, for
example. The non-single-crystal structure includes a c-axis aligned crystalline oxide
semiconductor (CAAC-OS) which is described later, a polycrystalline structure, a
microcrystalline structure which is described later, or an amorphous structure, for
example. Among the non-single-crystal structures, the amorphous structure has the
highest density of defect states, whereas CAAC-OS has the lowest density of defect
states.

[0124]

The oxide semiconductor film 19a may have a non-single-crystal structure, for
example. The oxide semiconductor films having the amorphous structure each have
disordered atomic arrangement and no crystalliné component, for example.

[0125]
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Note that the oxide semiconductor film 19a may be a mixed film including two
or more regions of the following: a region having an amorphous structure, a region
having a microcrystalline structure, a region having a polycrystalline structure, a
CAAC-OS region, and a region having a single-crystal structure. The mixed film has
a single-layer structure including, for example, two or more of a region having an
amorphous structure, a region having a microcrystalline structure, a region having a
polycrystalline structure, a CAAC-OS region, and a region having a single-crystal
structure in some cases. Furthermore, the mixed film has a stacked-layer structure of
two or more of a region having an amorphous structure, a region having a
microcrystalline structure, a region having a polycrystalline structure, a CAAC-OS
region, and a region having a single-crystal structure in some cases.

[0126]

The pixel electrode 19b is formed by processing an oxide semiconductor film
formed at the same time as the oxide semiconductor film 19a. Thus, the pixel
electrode 19b contains a metal element similar to that in the oxide semiconductor film
19a. Furthermore, the pixel electrode 19b has a crystal structure similar to or different
from that of the oxide semiconductor film 19a. By adding impurities or oxygen
vacancies to the oxide semiconductor film formed at the same time as the oxide
semiconductor film 19a, the oxide semiconductor film has conductivity and thus
functions as the pixel electrode 19b. An example of the impurities contained in the
oxide semiconductor film is hydrogen. Instead of hydrogen, as the impurity, boron,
phosphorus, tin, antimony, a rare gas element, an alkali metal, an alkaline earth metal, or
the like may be included. Alternatively, the pixel electrode 19b is formed at the same
time as the oxide semiconductor film 19a, and has increased conductivity by containing
oxygen vacancies generated by plasma damage or the like. Alternatively, the pixel
electrode 19b is formed at the same time as the oxide semiconductor film 19a, and has
increased conductivity by containing impurities and oxygen vacancies generated by
plasma damage or the like.

[0127]

The oxide semiconductor film 19a and the pixel electrode 19b are both formed

over the oxide insulating film 17, but differ in impurity concentration. ~Specifically, the

pixel electrode 19b has a higher impurity concentration than the oxide semiconductor
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film 19a. For example, the concentration of hydrogen contained in the oxide
semiconductor film 19a is lower than or equal to 5 x 10" atoms/cm’, preferably lower
than or equal to 5 x 10'® atoms/cm’, further preferably lower than or equal to 1 x 10"
atoms/cm’, still further preferably lower than or equal to 5 x 10'7 atoms/cm®, yet further
preferably lower than or equal to 1 x 10'® atoms/em®. The concentration of hydrogen
contained in the pixel electrode 19b is higher than or equal to 8 x 10" atoms/cm’,
preferably higher than or equal to 1 x 10°° atoms/cm’, further preferably higher than or
equal to 5 x 10%° atoms/cm’. The concentration of hydrogen contained in the pixel
electrode 19b is greater than or equal to 2 times, preferably greater than or equal to 10
times that in the oxide semiconductor film 19a.

[0128]

When the oxide semiconductor film formed at the same time as the oxide
semiconductor film 19a is exposed to plasma, the oxide semiconductor film is damaged,
and oxygen vacancies can be generated. For example, when a film is formed over the
oxide semiconductor film by a plasma CVD method or a sputtering method, the oxide
semiconductor film is exposed to plasma and oxygen vacancies are generated.
Alternatively, when the oxide sémiconductor film is exposed to plasma in etching
treatment for formation of the oxide insulating film 23 and the oxide insulating film 25,
oxygen vacancies are generated. Alternatively, when the oxide semiconductor film is
exposed to plasma of a mixed gas of oxygen and hydrogen, hydrogen, a rare gas,
ammonia, and the like, oxygen vacancies are generated. As a result, the conductivity
of the okide semiconductor film is increased, so that the oxide semiconductor film has
conductivity and functions as the pixel electrode 19b.

[0129]

In other words, the pixel electrode 19b is formed using an oxide semiconductor
film having high conductivity. It can also be said that the pixel electrode 19b is
formed using a metal oxide film having high conductivity. -

[0130]

In the case where a silicon nitride film is used as the nitride insulating film 27,

the silicon nitride film contains hydrogen. When hydrogen in the nitride insulating

film 27 is diffused to the oxide semiconductor film formed at the same time as the oxide



10

20

25

30

WO 2015/060203 35 PCT/JP2014/077625

semiconductor film 19a, hydrogen is bonded to oxygen and electrons serving as carriers
are generated in the oxide semiconductor film. When the silicon nitride film is formed
by a plasmé CVD method or a sputtering method, the oxide semiconductor film is
exposed to plasma and oxygen vacancies are generated in the oxide semiconductor film.
When hydrogen contained in the silicon nitride film enters the oxygen vacancies,
electrons serving as carriers are generated. As a result, the conductivity of the oxide
semiconductor film is increased, so that the oxide semiconductor film functions as the
pixel electrode 19b.

[0131]

When™ hydrogen is added to an oxide semiconductor including oxygen
vacancies, hydrogen enters oxygen vacant sites and forms a donor level in the vicinity
of the conduction band. As a result, the conductivity of the oxide semiconductor is
increased, so ‘that the oxide semiconductor becomes a conductor. An oxide
semiconductor having become a conductor can be referred to as an oxide conductor.
In other words, the pixel electrode 19b is formed using an oxide conductor film.
Oxide semiconductors generally have a visible light transmitting property because of
their large energy gap. An oxide conductor is an oxide semiconductor having a donor
level in the vicinity of the conduction band. - Therefore, the influence of absorption due
to the donor level is small, and an oxide conductor has a visible light transmitting
property comparable to that of an oxide semiconductor.

[0132]

The pixel electrode 19b has lower resistivity than the oxide semiconductor film
19a. The resistivity of the pixel electrode 19b is preferably greater than or equal to 1 x
10" times and less than 1 x 10" times the resistivity of the oxide semiconductor film
19a. The resistivity of the pixel electrode 19b is typically greater than or equal to 1 x

10 Qcm and less than 1 x 10" Qcm, preferably greater than or equal to 1 x 10° Qcm

and less than 1 x 10”' Qcm.

[0133]

The conductive films 21a and 21b functioning as a source electrode and a drain
electrode are each formed to have a single-layer structure or a stacked-layer structure

including any of metals such as aluminum, titanium, chromium, nickel, copper, yttrium,
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zirconium, molybdenum, silver, tantalum, and tungsten or an alloy containing any of
these metals as its main component. For example, a single-layer structure of an
aluminum film containing silicon, a two-layer structure in which an aluminum film is
stacked over a titanium film, a two-layer structure in which an aluminum film is stacked
over a tungsten film, a two-layer structure in which a copper film is stacked over a
cop.per-magnesium-aluminum alloy film, a two-layer structure in which a copper film is
stacked over a titanium film, a two-layer structure in which a copper film is stacked
over a tungsten 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 can be given. Note that a
transparent conductive material containing indium oxide, tin oxide, or zinc oxide may
be used.

[0134]

As the oxide insulating film 23 or the oxide insulating film 25, an oxide
insulating film which contains more oxygen than that in the stoichiometric composition
is preferably used. Here, as the oxide insulating film 23, an oxide insulating film
which permeates oxygen is formed, and as the oxide insulating film 25, an oxide
insulating film which contains more oxygen than that in the stoichiometric composition
is formed.

[0135]

The oxide insulating film 23 is an oxide insulating film through which oxygen
is permeated. Thus, oxygen released from the oxide insulating film 25 provided over
the oxide insulating film 23 can be moved to the oxide semiconductor film 19a through
the oxide insulating film 23. Moreover, the oxide insulating film 23 also serves as a
film which relieves damage to the oxide semiconductor film 19a at the time of forming
the oxide insulating film 25 later.

[0136]

A silicon oxide film, a silicon oxynitride film, or the like with a thickness

greater than or equal to 5 nm and less than or equal to 150 nm, preferably greater than

or equal to 5 nm and less than or equal to 50 nm can be used as the oxide insulating film
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23. Note that in this specification, “silicon oxynitride film” refers to a film that
contains more oxygen than nitrogen, and “silicon nitride oxide film” refers to a film that
contains more nitrogen than oxygen.

[0137]

Furthermore, the oxide insulating film 23 is preferably an oxide insulating film
containing nitrogen and having a small number of defects.
[0138] _

Typical examples of the oxide insulating film containing nitrogen and having a
small number of defects include a silicon oxynitride film and an aluminum oxynitride
film.

[0139]

" Inan ESR spectrum at 100 K or lower of the oxide insulating film with a small
number of defects, a first signal that appears at a g-factor of greater than or equal to
2.037 and smaller than or equal to 2.039, a second signal that appears at a g-factor of
greater than or equal to 2.001 and smaller than or equal to 2.003, and a third signal that
appears at a g-factor of greater than or equal to 1.964 and smaller than or equal to 1.966
are observed. The split width between the first and second signals and the split width
between the second and third signals that are obtained by ESR measurement using an
X-band are each approximately 5 mT. The sum of the spin densities of the first signal
that appears at a g-factor of greater than or equal to 2.037 ahd smaller than or equal to
2.039, the second signal that appears at a g-factor of greater than or equal to 2.001 and
smaller than or equal to 2.003, and the third signal that appears at a g-factor of greater
than or equal to 1.964 and smaller than or equal to 1.966 is lower than 1 x 10"
spins/cm’, typically higher than or equal to 1 x 10'7 spins/cm® and lower than 1 x 10'®
spins/cm’.

[0140]
In the ESR spectrum at 100 K or lower, the first signal that appears at a g-factor

of greater than or equal to 2.037 and smaller than or equal to 2.039, the second signal

that appears at a g-factor of greater than or equal to 2.001 and smaller than or equal to
2.003, and the third signal that appears at a g-factor of greater than or equal to 1.964 and

smaller than or equal to 1.966 correspond to signals attributed to nitrogen oxide (NO,; x
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is greater than or equal to 0 and smaller than or equal to 2, preferably greater than or
equal to 1 and smaller than or equal to 2). Typical examples of nitrogen oxide include
nitrogen monoxide and nitrogen dioxide. In other words, when the spin densities of
signals that appear at a g-factor of greater than or equal to 1.964 and smaller than or
equal to 1.966 to a g-factor of greater than or equal to 2.037 and smaller than or equal to
2.039 are lower, the nitrogen oxide content in an oxide insulating film is lower.

[0141]

When the oxide insulating film 23 contains a small amount of nitrogen oxide as
described above, the carrier trap at the interface between the oxide insulating film 23
and the oxide semiconductor film can be reduced. Thus, a change in the threshold
voltage of the transistor included in the semiconductor device can be reduced, which
leads to a reduced change in the electrical characteristics of the transistor.

[0142) |

The oxide insulating film 23 preferably has a nitrogen concentration measured
by secondary ion mass spectrometry (SIMS) of lower than or equal to 6 x 10%°
atoms/cm’. In that case, nitrogen oxide is unlikely to be generated in the oxide
insulating film 23, so that the carrier trap at the interface between the oxide insulating
film 23 and the oxide semiconductor film 19a can be reduced. Furthermdre, a change
in the threshold voltage of the transistor included in the semiconductor device can be
reduced, which leads to a reduced change in the electrical characteristics of the
transistor.

[0143]

Note that when nitride oxide and ammonia are contained in the oxide insulating
film 23, the nitride oxide and ammonia react with each other in heat treatment in the
manufacturing process; accordingly, the nitride oxide is released as a nitrogen gas.
Thus, the nitrogen concentration of the oxide insulating film 23 and the amount of
nitrogen oxide therein can be reduced. Moreover, the carrier trap at the interface
between the oxide insulating film 23 and the oxide semiconductor film 19a can be
reduced. Furthermore, the amount of change in threshold voltage of the transistor
included in the semiconductor device can be reduced, which leads to a reduced change
in the electrical characteristics of the transistor.

[0144)
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Note that in the oxide insulating film 23, all oxygen entering the oxide
insulating film 23 from the outside does not move to the outside of the oxide insulating
film 23 and some oxygen remains in the oxide insulating film 23. Furthermore,
movement of oxygen occurs in the oxide insulating film 23 in some cases in such a
manner that oxygen enters the oxide insulating film 23 and oxygen contained in the
oxide insulating film 23 is moved to the outside of the oxide insulating film 23.

[0145]

When the oxide insulating film through which oxygen passes is formed as the
oxide insulating film 23, oxygen released from the oxide insulating film 25 provided
over the oxide insulating film 23 can be moved to the oxide semiconductor film 19a
through the oxide insulating film 23.

[0146]

The oxide insulating film 25 is formed in contact with the oxide insulating film
23. The oxide insulating film 25 is formed using an oxide insulating film which
contains oxygen at a higher proportion than the stoichiometric composition. Part of
oxygen is released by heating from the oxide insulating film which contains oxygen at a
higher proportion than the stoichiometric composition. The oxide insulating film
which contains oxygen at a higher proportion than the stoichiometric composition is an
oxide insulating film of which the amount of released oxygen converted into oxygen
atoms 1s gréater than or equal to 1.0 x 10'® atoms/cm’, preferably greater than or equal
to 3.0 x 10% atoms/cm’ in TDS analysis. Note that the temperature of the film surface
in the TDS analysis is preferably higher than or equal to 100 °C and lower than or equal
to 700 °C, or higher than or equal to 100 °C and lower than or equal to 500 °C.

[0147]

A silicon oxide film, a silicon oxynitride film, or the like with a thickness
greater than or equal to 30 nm and less than or equal to 500 nm, preferably greater than
or equal to 50 nm and less than or equal to 400 nm can be used as the oxide insulating
film 25.

[0148]
It is preferable that the amount of defects in the oxide insulating film 25 be

small and typically, the spin density of a signal that appears at g = 2.001 be lower than



10

15

20

25

30

WO 2015/060203 40 PCT/JP2014/077625

1.5 x 10" spins/cn?’, further preferably lower than or equal to 1 x 10"® spins/cm’ by
ESR measurement. Note that the oxide insulating film 25 is provided more apart from
the oxide semiconductor film 19a than the oxide insulating film 23 is; thus, the oxide
insulating film 25 may have higher defect density than the oxide insulating film 23.
[0149]

Like the nitride insulating film 15, the nitride insulating film 27 can be a nitride
insulating film which is hardly permeated by oxygen. Furthermore, a nitride insulating
film which is hardly permeated by oxygen, hydrogen, and water can be used.

[0150]

The nitride insulating film 27 is formed using a silicon nitride film, a silicon
nitride oxide film, an aluminum nitride film, an aluminum nitride oxide film, or the like
with a thickness greater than or equal to 50 nm and less than or equal to 300 nm,
preferably greater than or equal to 100 nm and less than or equal to 200 nm. '
[0151]

In the case where the oxide insulating film which contains oxygen at a higher
proportion than the stoichiometric composition is included in the oxide insulating film
23 or the oxide insulating film 25, part of oxygen contained in the oxide insulating film
23 or the oxide insulating film 25 can be moved to the oxide semiconductor film 19a, so

that the amount of oxygen vacancies contained in the oxide semiconductor film 19a can

- be reduced.

[0152]

The threshold voltage of a transistor using an oxide semiconductor film with
oxygen vacancies shifts negatively with ease, and such a transistor tends to be normally
on. This is because charges are generated owing to oxygen vacancies in the oxide
semiconductor film and the resistance is thus reduced. The transistor having
normally-on characteristic causes various problems in that malfunction is likely to be
caused when in operation and that power consumption is increased when not in
operation, for example. Furthermore, there is a problem in that the- amount of change
in electrical characteristics, typically in threshold voltage, of the transistor is increased
by change over time or due to a stress test.

[0153]

However, in the transistor 102 in this embodiment, the oxide insulating film 23
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or the oxide insulating film 25 provided over the oxide semiconductor film 19a contains
oxygen at a higher proportion than the stoichiometric composition. Furthermore, the
oxide semiconductor film 19a, the oxide insulating film 23, and the oxide insulating
film 25 are surrounded by the nitride insulating film 15 and the oxide insulating film 17.
As a result, oxygen contained in the oxide insulating film 23 or the oxide insulating film
25 is moved to the oxide semiconductor film 19a efficiently, so that the amount of
oxygen vacancies in the oxide semiconductor film 19a can be reduced. Accordingly, a
transistor having normally-off characteristic is obtained. Furthermore, the amount of
change in electrical characteristics, typically in threshold voltage, of the transistor over
time or due to a stress test can be reduced.

[0154]

The common electrode 29 is formed using a light-transmitting film, preferably
a light-transmitting conductive film. As the light-transmitting conductive film, an
indium oxide film containing tungsten oxide, an indium zinc oxide film containing
tungsten oxide, an indium oxide film containing titanium oxide, an indium tin oxide
film containing titanium oxide, an indium tin oxide (hereinafter referred to as ITO) film,
an indium zinc oxide film; an indium tin oxide film to which silicon oxide is added, and
the like are given.

[0155]

The extending direction of the conductive film 21a functioning as a signal line
and the extending direction of the common electrode 29 intersect with each other.
Therefore, differences in directions between the electric field between the conductive
film 21a functioning as a signal line and the common electrode 29 and the electric field
between the pixel electrode 19b and the common electrode 29 arise and the differences
form a large angle. Accordingly, in the case where negative liquid crystal molecules
are used, the alignment state of the liquid crystal molecules in the vicinity of the

conductive film functioning as a signal line and the alignmenf state of the liquid crystal

" molecules in the vicinity of the pixel electrode which is generated by an electric field

between the pixel electrodes provided in adjacent pixels and the common electrode are
less likely to be affected by each other. Thus, a change in the transmittance of the
pixels is suppressed. Accordingly, flickers in an image can be reduced.

[0156]
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In the liquid crystal display device having a low refresh rate, alignment of
liquid crystal molecules in the vicinity of the conductive film 21a functioning as a
signal line is less likely to affect alignment state of liquid crystal molecules in the
vicinity of the pixel electrode due to the electric field between the pixel electrodes in the
adjacent pixels and the common electrode 29 even during the retention period. Thus,
the transmittance of the pixels in the retention period. can be held and flickers can be
reduced.

[0157]

The common electrode 29 includes the stripe regions extending in a direction
intersecting with the conductive film 21a functioning as a signal line. Accordingly, in
the vicirﬁty of the pixel electrode 19b and the conductive film 21a, unintended
alignment of liquid crystal molecules can be prevented and thus light leakage can be
suppressed. As a result, a display device with excellent contrast can be manufactured.
[0158] .

Note that the shape of the common electrode 29 is not limited to that illustrated
in FIG. 4, and may be stripe. In the case of a stripe shape, the extending direction may
be parallel to the conductive film functioning as a signal line. The common electrode
29 may have a comb shape.  Alternatively, the common electrode may be formed over
the entire surface of the first substrate 11. Further alternatively, a light-transmitting
conductive film different from the pixel electrode 19b may be formed over the common
electrode 29 with an insulating film provided therebetween.

[0159]

The alignment film 33 is formed over the common electrode 29, the nitride
insulating film 27, and the organic insulating film 31.

[0160]

Next, a method for manufacturing the transistor 102 and the capacitor 105 in
FIG. 5 is described with reference to FIGS. 10A to 10D, FIGS. 11A to 11D, and FIGS.
12A to 12C.

[0161]
As illustrated in FIG. 10A, a conductive film 12 to be the conductive film 13 is

formed over the first substrate 11. The conductive film 12 is formed by a sputtering

method, a chemical vapor deposition (CVD) method such as a metal organic chemical
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vapor deposition (MOCVD) method, a metal chemical deposition method, an atomic
layer deposition (ALD) method, or a plasma-enhanced chemical vapor deposition
(PECVD) method, an evaporation method, a pulsed laser deposition (PLD) method, or
the like. When a metal organic chemical vapor deposition (MOCVD) method, a metal
chemical deposition method, or an atomic layer deposition (ALD) method is employed,
the conductive film is less damaged by plasma.

[0162]

Here, a glass substrate is used as the first substrate 11.  Furthermore, as the
conductive film 12, a 100-nm-thick tungsten film is formed by a sputtering method.
[0163] |

Next, a mask is formed over the conductive film 12 by a photolithography
process using a first photomask. Then, as illustrated in FIG. 10B, part of the
conductive film 12 is etched with the use of the mask to form the conductive film 13
functioning as a gate electrode.  After that, the mask is removed.

[0164]

Note that the conductive film 13 functioning as a gate electrode may be formed
by an electrolytic plating method, a printing method, an ink-jet method, or the like
instead of the above formation method.

[0165]
Here, the tungsten film is etched by a dry etching method to form the

“conductive film 13 functioning as a gate electrode.

[0166]

Next, as illustrated in FIG. 10C, over the conductive film 13 functioning as a
gate electrode, the nitride insulating film 15 and an oxide insulating film 16 to be the
oxide insulating film 17 later are formed. Then, over the oxide insulating film 16, an
oxide semiconductor film 18 to be the oxide semiconductor film 19a and the pixel
electrode 19b later is formed.

[0167]

* The nitride insulating film 15 and the oxide insulating film 16 are each formed
by a sputtering method, a chemical vapor deposition (CVD) method such as a metal
organic chemical vapor deposition (MOCVD) method, a metal chemical deposition

method, an atomic layer deposition (ALD) method, or a plasma-enhanced chemical
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vapor deposition (PECVD) method, an evaporation method, a pulsed laser deposition
(PLD) method, a coating method, a printing method, or the like. When a metal organic
chemical vapor deposition (MOCVD) method, a metal chemical deposition method, or
an atomic layer deposition (ALD) method is employed, the nitride insulating film 15
and the oxide insulating film 16 are‘ less damaged by plasma. When an atomic layer
deposition (ALD) method is employed, coverage of the nitride insulating film 15 and
the oxide insulating film 16 can be increased.
[0168]

Here, as the nitride insulating film 15, a 300-nm-thick silicon nitride film is
formed by a plasma CVD method in which silane, nitrogen, and ammonia are used as a

source gas.
[0169]

In the case where a silicon oxide film, a silicon oxynitride film, or a silicon
nitride oxide film is formed as the oxide insulating film 16, a deposition gas containing
silicon and an oxidizing gas are preferably used as a source gas. Typical examples of
the deposition gas containing silicon include silane, disilane, triSilane, and silane
fluoride. As the oxidizing gas, oxygen, ozone, dinitrogen monoxide, and nitrogen
dioxide can be given as examples.

[0170]

~ Moreover, in the case of forming a gallium oxide film as the oxide insulating
film 16, a metal organic chemical vapor deposition (MOCVD) method can be
employed.
[0171]

Here, as the oxide insulating film 16, a 50-nm-thick silicon oxynitride film is
formed by a plasma CVD method in which silane and dinitrogen monoxide are used as
a source gas.

[0172]

The oxide semiconductor film 18 can be formed by a sputtering method, a
chemical vapor deposition (CVD) method such as a metal organic chemical vapor
deposition (MOCVD) method, an atomic layer deposition (ALD) method, or a
plasma-enhanced chemical vapor deposition (PECVD) method, a pulsed laser

deposition method, a laser ablation method, a coating method, or the like. When a
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metal organic chemical vapor deposition (MOCVD) method, a metal chemical
deposition method, or an atomic layer deposition (ALD) method is employed, the oxide
semiconductor film 18 is less damaged by plasma and the oxide insulating film 16 is
less damaged. When an atomic layer deposition (ALD) method is employed, coverage
of the oxide semiconductor film 18 can be increased. |

[0173]

As a power supply device for generating plasma in the case of forming the
oxide semiconductor film by a sputtering method, an RF power supply device, an AC
power supply device, a DC power supply device, or the like can be used as appropriate.
[0174]

As a sputtering gas, a rare gas (typically argon), an oxygen gas, or a mixed gas
of a rare gas and oxygen is used as appropriate. In the case of using the mixed gas of a
rare gas and oxygen, the proportion of oxygen to a rare gas is preferably increased.
[0175]

Furthermore, a target may be selected as appropriate in accordance with the
composition of the oxide semiconductor film to be formed.

[0176] |

In order to obtain a.highly purified intrinsic or substantially highly purified
intrinsic oxide semiconductor film, it is necessary to highly purify a sputtering gas as
well as to evacuate a chamber to a high vacuum. As an oxygen gas or an argon gas
used for a sputtering gas, a gas which is highly purified to have a dew point of —40 °C
or lower, preferably —80 °C or lower, further preferably —100 °C or lower, still further
preferably —120 °C or lower is used, whereby entry of moisture or the like into the
oxide semiconductor film can be prevented as much as possible.

[0177]

Here, a 35-nm-thick In-Ga-Zn oxide film is formed as the oxide semiconductor
film by a sputtering method using an In-Ga-Zn oxide target (In:Ga:Zn = 1:1:1).

[0178]

Then, after a mask is formed over the oxide semiconductor film 1.8 by a
photolithography process using a second photomask, the oxide semiconductor film is

partly etched using the mask. Thus, the oxide semiconductor film 19a and an oxide
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semiconductor film 19¢ which are isolated from each other as illustrated in FIG. 10D are
formed. After that, the mask is removed. |
[0179]

Here, the oxide semiconductor films 19a and 19¢ are formed in such a manner
that a mask is formed over the oxide semiconductor film 18 and part of the oxide
semiconductor film 18 is selectively etched by a wet etching method.

{0180]

Next, as illustrated in FIG. 11A, a conductive film 20 to be the conductive films
21a and 21b later is formed.
[0181]

The conductive film 20 can be formed by a method similar to that of the
conductive film 12 as appropriate.
[0182]

Here, a 50-nm-thick tungsten film and a 300-nm-thick copper film are
sequentially stacked by a sputtering method.
[0183]

Next, a mask is formed over the conductive film 20 by a photolithography
process using a third photomask. Then, the conductive film 20 is etched using the
mask, so that the conductive films 21a and 21b functioning as a source electrode and a
drain electrode are formed as illustrated in FIG. 11B.  After that, the mask is removed.
[0184]

Here, the mask is formed over the copper film by a photolithography process.
Then, the tungsten film and the copper film are etched with the use of the mask, so that
the conductive films 21a and 21b are formed. Note that the copper film is etched by a
wet etching method. Next, the tungsten film is etched by a dry etching method using
SF¢, whereby fluoride is formed on the surface of the copper film. By the fluoride,
diffusion of copper elements from the copper film is reduced and thus the copper
concentration in the oxide semiconductor film 19a can be reduced.

[0185]

Next, as illustrated in FIG. 11C, an oxide insulating film 22 to be the oxide

insulating film 23 later and an oxide insulating film 24 to be the oxide insulating film 25

later are formed over the oxide semiconductor films 19a and 19¢ and the conductive
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films 21a and 21b. The oxide insulating film 22 and the oxide insulating film 24 can
each be formed by a method similar to those of the nitride insulating film 15 and the
oxide insulating film 16 as appropriate.

[0186]

Note that after the oxide insulating film 22 is formed, the oxide insulating film
24 is preferably formed in succession without exposure to the air. After the oxide
insulating film 22 is formed, the oxide insulating film 24 is formed in succession by
adjusting at least one of the flow rate of a source gas, pressure, a high-frequency power,
and a substrate temperature without exposure to the air, whereby the concentration of
impurities attributed to the atmospheric component at the interface between the oxide
insulating film 22 and the oxide insulating film 24 can be reduced and oxygen in the
oxide insulating film 24 can be moved to the oxide semiconductor film 19a; accordingly,
the amount of oxygen vacancies in the oxide semiconductor film 19a can be reduced.
[0187]

The oxide insulating film 22 can be formed using an oxide insulating film
containing nitrogen and having a small number of defects which is formed by a CVD
method under the conditions where the ratio of an oxidizing gas to a deposition gas is
higher than 20 times and lower than 100 times, preferably higher than or equal to 40
times and lower than or equal to 80 times and the pressure in a treatment chamber is
lower than 100 Pa, preferably lower than or equal to 50 Pa.

[0188]

A deposition gas containing silicon and an oxidizing gas are preferably used as
the source gas of the oxide insulating film 22. Typical exampies of the deposition gas
containing silicon include silane, disilane, trisilane, and silane fluoride. As the
oxidizing gas, oxygen, ozone, dinitrogen monoxide, and nitrogen dioxide can be given
as examples.

[0189]

With the use of the above conditions, an oxide insulating film which permeates
oxygen can be formed as the oxide insulating film 22. Furthermore, by providing the
oxide insulating film 22, damage to the oxide semiconductor film 19a can be reduced in
the step of forming the oxide insulating film 24.

[0190]
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Here, as the oxide insulating film 22, a 50-nm-thick silicon oxynitride film is
formed by a plasma CVD method in which silane with a flow rate of 50 sccm and
dinitrogen monoxide with a flow rate of 2000 sccm are used as a source gas, the
pressure in the treatment chamber is 20 Pa, the substrate temperature is 220 °C, and a
high-frequency power of 100 W is supplied to parallel-plate electrodes with the use of a
27.12 MHz high-frequency power source. Under the above conditions, a silicon
oxynitride film containing nitrogen and having a small number of defects can be
formed.

[0191]
As the oxide insulating film 24, a silicon oxide film or a silicon oxynitride film

is formed under the following conditions: the substrate placed in a treatment chamber of

“a plasma CVD apparatus that is vacuum-evacuated is held at a temperature higher than

or equal to 180 °C and lower than or equal to 280 °C, preferably higher than or equal to
200 °C and lower than or equal to 240 °C, the pressure is greater than or equal to 100 Pa
and less than or equal to 250 Pa, preferably greater than or equal to 100 Pa and less than
or equal to 200 Pa with introduction of a source gas into the treatment chamber, and a
high-frequency power of greater than or equal to 0.17 W/cm? and less than or equal to
0.5 W/em?, preferably greater than or equal to 0.25 W/cm? and less than or equal to 0.35
W/cm? is supplied to an electrode provided in the treatment chamber.

[0192] ,

A deposition gas containing silicon and an oxidizing gas are preferably used as
the source gas of the oxide insulating film 24. Typical examples of the deposition gas
containing silicon include silane, disilane, trisilane, and silane fluoride. As the
oxidizing gas, oxygen, ozone, dinitrogen monoxide, and nitrogen dioxide can be given
as examples.

[0193]

As the film formation conditions of the oxide insulating film 24, the
high-frequency power having the above power density is supplied to the treatment
chamber having the above pressure, whereby the degradation efficiency of the source
gas in plasma is increased, oxygen radicals are increased, and oxidation of the source

gas is promoted; therefore, the oxygen content in the oxide insulating film 24 becomes
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higher than that in the stoichiometric composition. On the other hand, in the film
formed at a substrate temperature within the above temperature range, the bond between
silicon and oxygen is weak, and accordingly, part of oxygen in the film is released by
heat treatment in a later step. Thus, it is possible to form an oxide insulating film
which contains oxygen at a higher proportion than the stoichiometric composition and
from which part of oxygen is released by heating. Furthermore, the oxide insulating
film 22 1s provided over the oxide semiconductor film 19a.  Accordingly, in the step of
forming the oxide insulating film 24, the oxide insulating film 22 serves as a protective
film of the oxide semiconductor film 19a. Consequently, the oxide insulating film 24
can be formed using the high-frequency power having a high power density while
damage to the oxide semiconductor film 19a is reduced.
[0194]

~ Here, as the oxide insulating film 24, a 400-nm-thick silicon oxynitride film is
formed by a plasma CVD method in which silane with a flow rate of 200 sccm and
dinitrogen monoxide with a flow rate of 4000 sccm are used as the source gas, the
pressure in the treatment chamber is 200 Pa, the substrate temperature is 220 °C, and a
high-frequency power of 1500 W is supplied to the parallel-plate electrodes with the use
of a 27.12 MHz high-frequency power source. Note that the plasma CVD apparatus is
a parallel-plate plasma CVD apparatus in which the.electrode area is 6000 cm?, and the
power per unit area .(power density) into which the supplied power is converted is 0.25
W/em?.
[0195]

Furthermore, when the conductive films 21a and 21b functioning as a source
electrode and a drain electrode is formed, the oxide semiconductor film 19a is damaged
by the etching of the conductive film, so that oxygen vacancies are generated on the
back channel side of the oxide semiconductor film 19a (the side of the oxide
semiconductor film 19a which is opposite to the side facing the conductive film 13
functioning as a gate electrode). However, with the use of the oxide insulating film
which contains oxygen at a higher proportion than the stoichiometric composition as the
oxide insulating film 24, the oxygen vacancies generated on the back channel side can
be repaired by heat treatment. By this, defects contained in the oxide semiconductor

film 19a can be reduced, and thus, the reliability of the transistor 102 can be improved.
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[0196]

Then, a mask is formed over the oxide insulating film 24 by a photolithography
process using a fourth photomask. Next, as illustrated in FIG. 11D, part of the oxide
insulating film 22 and part of the oxide insulating film 24 are etched with the use of the
mask to form the oxide insulating film 23 and the oxide insulating film 25 having the
opening 40.  After that, the mask is removed.

[0197]

In the process, the oxide insulating films 22 and 24 are preferably etched by a
dry etching method. As a result, the oxide semiconductor film 19¢ is exposed to
plasma in the etching treatment; thus, the amount of oxygen vacancies in the oxide
semiconductor film 19c¢ can be increased.

[0198]

Next, heat treatment is performed. The heat treatment is performed typically
at a temperature higher than or equal to 150 °C and lower than or equal to 400 °C,
preferably higher than or equal to 300 °C and lower than or equal to 400 °C, further
preferably higher than or equal to 320 °C and lower than or equal to 370 °C.

[0199]

An electric furnace, an RTA apparatus, or the like can be used for the heat
treatment. With the use of an RTA apparatus, the heat treatment can be performed at a
temperature higher than or equal to the strain point of the substrate if the heating time is
short. Theréfore, the heat treatment time can be shortened.

[0200]

The heat treatment may be performed under an atmosphere of nitrogen, oxygen,
ultra-dry air (air in which a water content is 20 ppm or less, preferably 1 ppm or less,
further preferably 10 ppb or less), or a rare gas (argon, helium, or the like). The
atmosphere of nitrogen, oxygen, ultra-dry air, or a rare gas preferably does not contain
hydrogen, water, and the like.

[0201]

By the heat treatment, part of oxygen contained in the oxide insulating film 25

can be moved to the oxide semiconductor film 19a, so that the amount of oxygen

vacancies contained in the oxide semiconductor film 19a can be further reduced.
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[0202]

In the case where water, hydrogen, or the like enters the oxide insulating film
23 and the oxide insulating film 25 and the nitride insulating film 26 has a barrier
property against water, hydrogen, or the like, when the nitride insulating film 26 is
formed later and heat treatment is performed, water, hydrogen, or the like contained in
the oxide insulating film 23 and the oxide insulating film 25 are moved to the oxide
semiconductor film 19a, so that defects are generated in the oxide semiconductor film
19a. However, by the heating, water, hydrogen, or the like contained in the oxide
insulating film 23 and the oxide insulating film 25 can be released; thus, variation in
electrical characteristics of the transistor 102 can be reduced, and a change in threshold
voltage can be suppressed.

[0203]

Note that when the oxide insulating film 24 is formed over the oxide insulating
film 22 while being heated, oxygen can be moved to the oxide semiconductor film 19a
to reduce the amount of oxygen vacancies in the oxide semiconductor film 19a; thus,
the heat treatment is not necessarily performed.

[0204]

The heat treatment may be performed after the formation of the oxide
insulating films 22 and 24. However, the heat treatment is preferably performed after
the formation of the oxide insulating films 23 and 25 because a film having higher
conductivity can be formed in such a manner that oxygen is not moved to the oxide
serﬁiconductor film 19¢ and oxygen is released from the oxide semiconductor film 19¢
because of exposure of the oxide semiconductor film 19c and then oxygen vacancies are
generated.

[0205]
Here, the heat treatment is performed at 350 °C in a mixed atmosphere of
nitrogen and oxygen for one hour.
[0206] _
Then, as illustrated in FIG. 12A, the nitride insulating film 26 is formed.
[0207]
The nitride insulating film 26 can be formed by a method similar to those of the

nitride insulating film 15 and the oxide insulating film 16 as appropriate. By forming
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the nitride insulating film 26 by a sputtering method, a CVD method, or the like, the
oxide semiconductor film 19¢ is exposed to plasma; thus, the amount of oxygen
vacancies in the oxide semiconductor film 19c can be increased.

[0208]

The oxide semiconductor film 19¢ has improved conductivity and functions as
the pixel electrode 19b. When a silicon nitride film is formed by a plasma CVD
method as the nitride insulating film 26, hydrogen contained in the silicon nitride film is
diffused to the oxide semiconductor film 19c; thus, the conductivity of the pixel
electrode 19b can be enhanced.

[0209]

In the case where a silicon nitride film is formed by a plasma CVD method as
the nitride insulating film 26, the substrate placed in the treatment chamber of the
plasma CVD apparatus that is vacuum-evacuated is preferably held at a temperature
higher than or equal to 300 °C and lower than or equal to 400 °C, further preferably
higher than or equal to 320 °C and lower than or equal to 370 °C, so that a dense silicon
nitride film can be formed.

[0210]

In the case where a silicon nitride film is formed, a deposition gas containing
silicon, nitrogen, and ammonia are preferably used as a source gas. As the source gas,
a small amount of ammonia compared to the amount of nitrogen is used, whereby
ammonia is dissociated in the plasma and activated species are generated. The
activated species cleave a bond between silicon and hydrogen which are contained in a
deposition gas containing silicon and a triple bond between nitrogen molecules. As a
result, a dense silicon nitride film having few defects, in which bonds between silicon
and nitrogen are promoted and bonds between silicon and hydrogen is few, can be
formed. On the other hand, when the amount of ammonia is larger than the amount of
nitrogen in the source gas, cleavage of a deposition gas containing silicon and cleavage
of nitrogen are not promoted, so that a sparse silicon nitride film in which bonds
between silicon and hydrogen remain and defects are increased is formed. Therefore,
in a source gas, the flow ratio of the nitrogen to the ammonia is set to be preferably

greater than or equal to 5 and less than or equal to 50, further preferably greater than or
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equal to 10 and less than or equal to 50.
[0211]

Here, in the treatment chamber of a plasma CVD apparatus, a 50-nm-thick
silicon nitride film is formed as the nitride insulating film 26 by a plasmé CVD method
in which silane with a flow rate of 50 sccm, nitrogen with a flow rate of 5000 sccm, and

ammonia with a flow rate of 100 sccm are used as the source gas, the pressure in the

- treatment chamber is 100 Pa, the substrate temperature is 350 °C, and a high-frequency

power of 1000 W is supplied to parallel-plate electrodes with a high-frequency power
supply of 27.12 MHz. Note that the plasma CVD apparatus is a parallel-plate plasma
CVD apparatus in which the electrode area is 6000 cm’, and the power per unit area
(power density) into which the supplied power is converted is 1.7 x 10" W/cm?.

[0212]

Next, heat treatment may be performed. The heat treatment is performed
typically at a temperature higher than or equal to 150 °C and lower than or equal to 400
°C, preferably higher than or equal to 300 °C and lower than or equal to 400 °C, further
preferably higher than or equal to 320 °C and lower than or equal to 370 °C. As a
reéult, the negative shift of the threshold voltage can be reduced. Moreover, the
amount of change in the threshold voltage can be reduced.

[0213]

Next, although not illustrated, a mask is formed by a photolithography process
using a fifth photomask. Then, part of each of the nitride insulating film 15, the oxide
insulating film 16, the oxide insulating film 23, the oxide insulating film 25, and the
nitride insulating film 26 is etched using the mask to form the nitride insulating film 27
and an opening through which part of a connection terminal formed at the same time as
the conductive film 13 is exposed. Alternatively, part of each of the oxide insulating
film 23, the oxide insulating film 25, and the nitride insulating film 26 is etched to form
the nitride insulating film 27 and an opening through which part of a connection
terminal formed at the same time as the conductive films 21a and 21b is exposed.

[0214]
Next, as illustrated in FIG. 12B, a conductive film 28 to be the common

electrode 29 later is formed over the nitride insulating film 27.
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[0215]

The conductive film 28 is formed by a sputtering method, a CVD method, an
evaporation method, or the like.
[0216]

Then, a mask is formed over the conductive film 28 by a photolithography
process using a sixth photomask. Next, as illustrated in FIG. 12C, part of the
conductive film 28 is etched with the use of the mask to form the common electrode 29.
Although not illustrated, the common electrdde 29 is connected to the connection
terminal formed at the same time as the conductive film 13 or the connection terminal
formed at the same time as the conductive films 21a and 21b.  After that, the mask is

removed.

[0217]

Next, as illustrated in FIG. 13, the organic insulating film 31 is formed over the
nitride insulating film 27. An organic insulating film can be formed by a coating
method, a printing method, or the like as appropriate.

[0218]

In the case where the organic insulating film is formed by a coating method, a
photosensitive composition, with which the upper surfaces of the nitride insulating film
27 and the common electrode 29 are coated, is exposed to light and developed by
photolithography process using a seventh photomask, and is then subjected to heat
treatment. Note that in the case where the upper surfaces of the nitride insulating film
27 and the common electrode 29 are coated with a non-photosensitive composition, a
resist, with which the upper surface of the non-photosensitive composition is coated, is
processed by a photolithography process using a seventh mask to form a mask, and then
the non-photosensitive composition is etched using the mask, whereby the organic
insulating film 31 can be formed.

[0219]

Through the above process, the transistor 102 is manufactured and the

capacitor 105 can be manufactured.
[0220] |
The element substrate of the display device described in this embodiment

includes an organic insulating film overlapping with a transistor with an inorganic
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insulating film provided therebetween. Therefore, a display device in which reliability
of the transistor can be improved and whose display quality is maintained can be
manufactured.

[0221]

The element substrate of the display device of this embodiment is provided
with a common electrode whose upper surface has a zigzag shape and which includes
stripe regions extending in a direction intersecting with the conductive film functioning
as a signal line. Therefore, the display device can have excellent contrast. In
addition, flickers can be reduced in a liquid crystal display device having a low refresh
rate. |
[0222]

In the element substrate of the display device of this embodiment, the pixel
electrode is formed at the same time as the oxide semiconductor film of the transistor;
therefore, the transistor 102 and the capacitor 105 can be formed using six photomasks.
The pixel electrode functions as the one of electrodes of the capacitor. The common
electrode also functions as the other of electrodes of the capacitor. Thus, a step of
forming another conductive film is not needed to form the capacitor, and the number of }
steps of manufacturing the display device can be reduced. The capacitor has a
light-transmitting property. As a result, the area occupied by the capacitor can be
increased and the aperture ratio in a pixel can be increased. Moreover, power
consumption of the display device can be reduced.

[0223]

Next, the element layer formed on the second substrate 342 is described. A
film having a colored property (hereinafter referred to as a coloring film 346) is formed
on the second substrate 342. The coloring film 346 functions as a color filter.
Furthermore, a light-blocking film 344 adjacent to the coloring film 346 is formed on
the second substrate 342. The light-blocking film 344 functions as a black matrix.
The coloring film 346 is not necessarily provided in the case where the liquid crystal
display device is a monochrome display device, for example.

[0224]
The coloring film 346 is a coloring film that transmits light in a specific

wavelength range. For example, a red (R) film for transmitting light in a red
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wavelength range, a green (G) film for transmitting light in a green wavelength range, a
blue (B) film for transmitting light in a blue wavelength range, or the like can be used.
[0225]

The light-blocking film 344 preferably has a function of blocking light in a
specific wavelength range, and can be a metal film or an organic insulating film
including a black pigment or the like, for example.

[0226]

An insulating film 348 is formed on the coloring film 346. The insulating
film 348 functions as a planarization layer or suppresses diffusion of impurities in the
coloring film 346 to the liquid crystal element side.

[0227]

A conductive film 350 is formed on the insulating film 348. The conductive
film 350 is formed using a light-transmitting conductive film. The potential of the
conductive film 350 is preferably the same as that of the common electrode 29. In
other words, a common potential is preferably applied to the conductive film 350.

[0228] '

When a voltage for driving the liquid crystal molecules is applied to the
conductive film 21b, an electric field is generated between the conductive film 21b and
the common electrode 29. Liquid crystal molecules between the conductive film 21b
and the common electrode 29 align due to the effect of the electric field and thus a
flicker is generated.

[0229]

- However, it is possible to suppress an alignment change of liquid crystal
molecules in a direction perpendicular to the substrate due to an electric field between
the conductive film 21b and the common electrode 29 in such a manner that the
conductive film 350 is provided to face the common electrode 29 through the liquid

crystal layer 320 so that the common electrode 29 and the conductive film 350 have the

same potential. Accordingly, the alignment state of the liquid crystal molecules in the

region is stabilized. Thus, flickers can be reduced.
[0230]
Note that the alignment film 352 is formed on the conductive film 350.

[0231]
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In addition, the liquid crystal layer 320 is formed between the alignment films
33 and 352. The liquid crystal layer 320 is sealed between the first substrate 11 and
the second substrate 342 with the use of a sealant (not illustrated). The sealant is
préferably in contact with an inorganic material to prevent entry of moisture and the like

from the outside.

[0232]

A spacer may be provided between the alignment films 33 and 352 to maintain
the thickness of the liquid crystal layer 320 (also referred to as a cell gap).
[0233]

Note that the structures, methods, and the like described in this embodiment
can be used as appropriate in combination with any of the structures, methods, and the
like described in the other embodiments.

[0234]
<Modification example 1>

A structure in which a common line connected to the common electrode is
provided in the display device described in Embodiment 1 is described with reference to
FIGS. 14A and 14B.

[0235]

FIG. 14A is a top view of the pixels 103a, 103b, and 103c included in a display
device, and FIG. 14B is a cross-sectional view taken along dashed-dotted lines A-B and
C-D in FIG.. 14A.

[0236] ‘

As illustrated in FIG. 14A, the upper surface of the common electrode 29 has a
zigzag shape, and the extending direction of the conductive film 21a functioning as a
signal line intersects with the extending direction of the common electrode 29.

[0237]

For easy understanding of the structure of the common electrode 29, the
common electrode 29 is hatched in FIG. 14A to explain its shape. The common
electrode 29 includes regions hatched diagonally left down and a region hatched
diagonally right down. The regions hatched diagonally left down are stripe regions
(first regions) having a zigzag shape, and the extending direction of the conductive film

21a functioning as a signal line intersects with the extending direction of the common
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electrode 29. The region hatched diagonally right down is a connection region (second
region) connected to the stripe regions (first regions) and extending in a direction
parallel or substantially parallel to the conductive film 21a functioning as a signal line.
[0238]

A common line 21c overlaps with the connection region (second region) of the
common electrode 29.

[0239]

Alternatively, the common line 21¢ may be provided every plurality of pixels.
Alternatively, the common line 21c may be provided every plurality of pixels. For
example, as illustrated in FIG. 14A, one common line 21c is provided for every three
pixels, so that the area occupied by the common line in the flat plane of the display
device can be reduced. As a result, the area of the pixel and the aperture ratio of the
pixel can be increased.

[0240]

In a region where the pixel electrode 19b and the common electrode 29 overlap
with each other, a liquid crystal molecule is less likely to be driven by an electric field
generated between the pixel electrode 19b and the connection region (second region) of
the common electrode 29. Therefore, the area of a region overlapping with the pixel
electrode 19b in the connection region (second region) of the common electrode 29 is
reduced, so that a region where a liquid crystal molecule is driven can be increased,
leading to an increase in the aperture ratio. For example, as illustrated in FIG. 14A, the
connection region (second region) of the common electrode 29 is provided so as not to
overlap with the pixel electrode 19b, whereby the area of a region where the pixel
electrode 19b and the common electrode 29 overlap with each other can be reduced and
thus the aperture ratio of the pixel can be increased.

[0241]

Although one common line 21c is provided for the three pixels 103a, 103b, and
103c in FIG. 14A, one common line 21c may be provided for every two pixels.
Alternatively, one common line 21¢ may be provided for every four or more pixels.
(0242] |

As illustrated in FIG. 14B, the common line 21¢ can be formed at the same

~ time as the conductive film 21a functioning as a signal line. The common electrode 29
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is connected to the common line 21c in an opening 42 formed in the oxide insulating
film 23, the oxide insulating film 25, and the nitride insulating film 27.
[0243]

Since a material of the conductive film 21a has resistivity lower than that of the
common electrode 29, resistance of the common electrode 29 and the common line 21c¢
can be reduced.

[0244]
<Modification example 2>

This modification example is different from Embodiment 2 in that a transistor
included in a high resolution display device includes a source electrode and a drain
electrode capable of reducing light leakage.

[0245]
FIG. 15 is a top view of the display device described in this embodiment. One

of features of the display device is that the conductive film 21b functioning as one of a
source electrode and a drain electrode has an L shape in the top view. In other words,
the conductive film 21b has a shape in which a region 21b_1 extending in a direction
perpendicular or substantially perpendicular to the extending direction of the conductive
film 13 functioning as a scan line and a region 21b_2 extending in a direction parallel or
substantially parallel to the extending direction of the conductive film 13 are connected
to each other in the top view. The region 21b_2 overlaps with at least one of the
conductive film 13, the pixel electrode 19b, and the common electrode 29 in the top
view. Alternatively, the conductive film 21b includes the region 21b_2 extending in a
direction parallel or substantially parallel to the extending. direction of the conductive
film 13 and the region 21b_2 is placed between the conductive film 13 and the pixel
electrode 19b or the common electrode 29 in the top view.

[0246]

Since the area of the pixel in a high resolution display device is reduced, the
distance between the common electrode 29 and the conductive film 13 functioning as a
scan line is reduced. In a pixel performing black display, when voltage at which a
transistor is turned on is applied to the conductive film 13 functioning as a scan line, an

electric field is generated between the pixel electrode 19b in a black display state and
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the conductive film 13 functioning as a scan line. As a result, a liquid crystal molecule
rotates in an unintended direction, causing light leakage.
[0247]

However, in the transistor included in the display device of this embodiment,
the conductive film 21b functioning as one of a source electrode and a drain electrode
includes the region 21b_2 overlapping with at least one of the conductive film 13, the
pixel electrode 19b, and the common electrode 29, or the region 21b_2 placed between
the conductive film 13 and the pixel electrode 19b or the common electrode 29 in the
top view. As a result, the region 21b_2 blocks the electfic field of the conductive film
13 functioning as a scan line and an electric field generated between the conductive film
13 and the pixel electrode 19b can be suppressed, leading to a reduction in light leakage.
[0248]

Note that the conductive film 21b and the common electrode 29 may overlap
with each other. The overlapping region can function as a capacitor. Therefore, with
this structure, the capacitance of the capacitor can be increased. FIG. 16 illustrates an
example of this case.

[0249]
<Modification example 3>

This modification example is different from Embodiment 2 in that a high

resolution display device includes a common electrode capable of reducing light

leakage.

[0250] ,
FIG. 17 is a top view of the display device described in this embodiment. A

common electrode 29a includes a stripe region 29a_1 extending in a direction
intersecting with the conductive film 21a functioning as a signal line and a region 29a_2
which is connected to the stripe region and overlaps with the conductive film 13
functioning as a scan line.
[0251]

Since the area of a pixel is reduced in a high resol_ution display device, the
distance between the pixel electrode 19b and the conductive film 13 functioning as a

scan line is reduced. When voltage is applied to the conductive film 13 functioning as
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a scan line, an electric field is generated between the conductive film 13 and the pixel

electrode 19b. As a result, a liquid crystal molecule rotates in an unintended direction,

“causing light leakage.

[0252]

However, the display device described in this embodiment includes the
common electrode 29a including the region 29a 2 intersecting with the conductive film
13 functioning as a scan line. Therefore, an electric field is génerated between the
conductive film 13 and the common electrode 29a, a liquid crystal molecule rotates due
to an electric field being generated befween the pixel electrode 19b and the conductive
film 13 functioning as a scan line can be suppreséed, leading to a reduction in light
leakage.

[0253]

Note that the conductive film 21b and the common electrode 29a may overlap
with each other. The overlapping region can function as a capacitor. Therefore, with
this structure, the capacitance of the capacitor can be increased. FIG 18 illustrates an
example of this case.

[0254]

Note that the structures, methods, and the like described in this embodiment
can be used as appropriate in combination with any of the structures, methods, and the
like described in the other embodiments.

[0255]
[Embodiment 3]

In this embodiment, as an example of a display device, a liquid crystal display
device driven in a vertical alignment (VA) mode will be described. First, a top view of
a plurality of pixels 103 included in the liquid crystal display device is shown in FIG.
19. |
[0256]

In FIG. 19, a conductive film 13 functioning as a scan line extends in a
direction substantially perpendicularly to a conductive film functioning as a signal line
(in the lateral direction in the drawing). The conductive film 21a functioning as a
signal line extends in a direction substantially perpendicularly to the conductive film

functioning as a scan line (in the longitudinal direction in the drawing). A conductive
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film 21e functioning as a capacitor line extends in a direction parallel to the signal line.
Note that the conductive film 13 functioning as a scan line is electrically connected to
the scan line driver circuit 104 (see FIGS. 1A to 1E), and the conductive film 2la
functioning as a signal line and the conductive film 21e functioning as a capacitor line is
electrically connected to the signal line driver circuit 106 (see FIGS. 1A to 1E).

[0257]

The transistor 102 is provided in a region where the conductive film
functioning as a scan line and the conductive film functioning as a signal line intersect
with each other. The transistor 102 includes the conductive film 13 functioning as a
gate electrode; a gate insulating film (not illustrated in FIG. 19); the oxide
semiconductor film 19a Where a channel region is formed, over the gate insulating film;
and the conductive films 2la and 21b functioning as a pair of electrodes. The
conductive film 13 also functions as a scan line, and a region of the conductive film 13
that overlaps with the oxide semiconductor film 19a functions as the gate electrode of
the transistor 102. In addition, the conductive film 21a also functions as a signal line,
and a region of the conductive film 21a that overlaps with the oxide semiconductor film
19a functions as the source electrode or the drain electrode of the transistor 102.
Furthermore, in the top view of FIG 19, an end portion of the conductive film
functioning as a scan line is positioned on an outer side of an end portion of the oxide
semiconductor film 19a. Thus, the conductive film functioning as a scan line functions
as a light-blocking film for blocking light from a light source such as a backlight. For
this reason, the oxide semiconductor film 19a included in the transistor is not irradiated
with light, so that a variation in the electrical characteristics of the transistor can be

suppressed.

[0258]

In addition, the transistor 102 includes the organic insulating film 31
overlapping with the oxide semiconductor film 19a in a manner similar to that in
Embodiment 1. The organic insulating film 31 overlaps with the oxide semiconductor
film 19a (in particular, a region of the oxide semiconductor film 19a which is between
the conductive films 21a and 21b) with an inorganic insulating film (not illustrated in
FIG. 19) provided therebetween.

[0259]
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The conductive film 21b is electrically connected to a light-transmitting
conductive film 29c that functions as a pixel electrode in an opening 41.

[0260]

The capacitor 105 is connected to the conductive film 21e functioning as a
capacitor line. The capacitor 105 includes a film 19d having conductivity formed over
the gate insulating film, a dielectric film formed over the transistor 102, and the
light-transmitting conductive film 29¢ functioning as a pixel electrode. The dielectric
film is formed using an oxygen barrier film. The film 19d having conductivity formed
over the gate insulating film has a light-transmitting property. That is, the capacitor
105 has a light-transmitting property.

[0261)

Owing to the light-transmitting property of the capacitor 105, the capacitor 105
can be formed large (in a large area) in the pixel 103.  Thus, a display device with a
large-capacitance capacitor as well as an aperture ratio increased to typically 55 % or
more, preferably 60 % or more can be provided. For example, in a high-resolution
display device such as a liquid crystal display device, the area of a pixel is small and
accordingly the area of a capacitor is also small. For this reason, the amount of
charges accumulated in the capacitor is small in the high-resolution display device.
However, since the capacitor 105 of this embodiment has a light-transmitting property,
when the capacitor 105 is provided in a pixel, sufficient capacitance can be obtained in
the pixel and the aperture ratio can be improved. Typically, the capacitor 105 can be
favorably used for a high-resolution display device with a pixel density of 200 pixels
per inch (ppi) or more, 300 ppi or more, or furthermore, 500 ppi or more.

[0262]

Furthermore, according to one embodiment of the present invention, the
aperture ratio can be improved even in a high-resolution display device, which makes it
possible to use light from a light source such as a backlight efficiently, so that power
consumption of the display device can be reduced.

[0263]
Next, FIG. 20 is a cross-sectional view taken along dashed-dotted lines A-B and

C-D in FIG. 19. The transistor 102 illustrated in FIG. 19 is a channel-etched transistor.
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Note that the transistor 102 in the channel length direction, a connection portion
between the transistor 102 and the conductive film 29¢ functioning as a pixel electrode,
and the capacitor 105 are illustrated in the cross-sectional view taken along
dashed-dotted line A-B, and the transistor 102 in the channel width direction is
illustrated in the cross-sectional view taken aloﬁg dashed-dotted line C-D.

[0264]

Since the liquid crystal display device described in this embodiment is driven
in a VA mode, a liquid crystal element 322a includes the conductive film 29c¢
functioning as a pixel electrode included in the element layer of the first substrate 11,
the conductive film 350 included in the element layer of the second substrate 342, and
the liquid crystal layer 320.

[0265]

In addition, the transistor 102 in FIG. 20 has a structure similar to that of the
transistor 102 in Embodiment 1. The conductive film 29c functioning as a pixel
electrode connected to one of the conductive films 21a and 21b functioning as a source
electrode and a drain electrode (here, connected to the conductive film 21b) is formed
over the nitride insulating film 27. In the opening 41 of the nitride insulating film 27,
the conductive film 21b is connected to the conductive film 29¢ functioning as a pixel
electrode.

[0266]

The conductive film 29¢ functioning as a pixel electrode can be formed using
as appropriate a material and a manufacturing method similar to those of the common
electrode 29 in Embodiment 2.

[0267]

The capacitor 105 in FIG. 20 iﬁcludes the film 19d having conductivity formed
over the oxide insulating film 17, the nitride insulating film 27, and the conductive film
29¢ functioning as a pixel electrode.

[0268]

Over the transistor 102 in this embodiment, the oxide insulating films 23 and
25 which are isolated from each other are formed. The oxide insulating films 23 and
25 which are isolated from each other overlap with the oxide semiconductor film 19a.

[0269]
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In addition, the organic insulating film 31 overlapping with the oxide
semiconductor film 19a is provided over the nitride insulating film 27. The organic
insulating film 31 overlapping with the oxide semiconductor film 19a is provided over
the transistor 102, whereby the surface of the oxide semiconductor film 19a can be
made apart from the surface of the organic insulating film 31. Thus, the surface of the
oxide semiconductor film 19a is not affected by the electric field of positively charged
particles adsorbed on the surface of the organic insulating film 31 and therefore the
reliability of the transistor 102 can be improved.

[0270]

In the capacitor 105, the film 19d having conductivity is different from that in
Embodiment 2 and is not connected to the conductive film 21b. In contrast, the film
19d having conductivity is in contact with a conductive film 21d. The conductive film
21d functions as a capacitor line. The film 19d having conductivity can be formed
using a metal oxide film similar to that used for thé pixel electrode 19b in Embodiment
2. In other words, the film 19d having conductivity is a metal oxide film containing
the same metal element as the oxide semiconductor film 19a. Moreover, a formation
method similar to that of the pixel electrode 19b in Embodiment 2 can be used as
appropriate for the film 19d having conductivity.

[0271]

Next, a method for manufacturing the transistor 102 and the capacitor 105 in
FIG. 20 is described with reference to FIGS. 21A to 21C and FIGS. 22A to 22C.

[0272] _

A conductive film is formed over the first substrate 11 and then etched using a
mask formed through a first photolithography process in Embodiment 2, whereby the
conductive film 13 functioning as a gate electrode is formed over the first substrate 11
(see FIG. 21A).

[0273]

Next, the nitride insulating film 15 and the oxide insulating film 16 are formed
over the first substrate 11 and the conductive film 13 functioning as a gate electrode.
Next, an oxide semiconductor film is formed over the oxide insulating film 16 and then
etched using a mask formed through a second photolithography process in Embodiment

2, whereby the oxide semiconductor films 19a and 19¢ are formed (see FIG. 21B).
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[0274]

Next, a conductive film is formed over the oxide insulating film 16 and the
oxide semiconductor films 19a and 19c¢ and then etched using a mask formed through a
third photolithography process in Embodiment 2, whereby the conductive films 21a,
21b, and 21d are formed (see FIG. 21C). At this time, the conductive film 21b is
formed so as not to be in contact with the oxide semiconductor film 19c. The
conductive film 21d is formed so as to be in contact with the oxide semiconductor film
19c¢.

[0275]

Next, an oxide vinsulating film is formed over the oxide insulating film 16, the
oxide semiconductor films 19a and 19c¢, and the conductive films 21a, 21b, and 21d and
then etchéd using a mask formed through a fourth photolithography process in
Embodiment 2, whereby the oxide insulating films 23 and 25 are formed (see FIG
22A).

[0276]

Next, a nitride insulating film is formed over the oxide insulating film 17, the
oxide semiconductor films 19a and 19¢, the conductive films 21a, 21b, and 21d, and the
oxide insulating films 23 and 25 and then etched using a mask formed through a fifth
photolithography process in Embodiment 2, whereby the nitride insulating film 27
having the opening 41 through which part of the conductive film 21b is exposed is
formed (see FIG. 22B).

[0277]

Through the above steps, the oxide semiconductor film 19¢ becomes the film
19d having conductivity. When a silicon nitride film is formed later by a plasma CVD
method as the nitride insulating film 27, hydrogen contained in the silicon nitride film is
diffused to the oxide semiconductor film 19c; thus, the conductivity of the film 19d
having conductivity can be enhanced.

[0278]

Next, a conductive film is formed over the conductive film 21b and the nitride
insulating film 27 and then etched using a mask formed through a sixth
photolithography process in Embodiment 2, whereby the conductive film 29¢ connected

to the conductive film 21b is formed (see FIG. 22C).
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[0279]

From the above, as for a semiconductor device including an oxide
semiconductor film, a semiconductor device with improved electrical characteristics can
be obtained.

[0280]

’ On an element substrate of the semiconductor device described in this
embodiment, one electrode of the capacitor is formed at the same time as the oxide
semiconductor film of the transistor. In addition, the conductive film functioning as a
pixel electrode is used as the other electrode of the capacitor. Thus, a step of forming
another conductive film is not needed to form the capacitor, and the number of steps of
manufacturing the display device can be reduced. Furthermore, since the pair of
electrodes has a light-transmitting property, the capacitor has a light-transmitting
property. As a result, the area occupied by the capacitor can be increased and the
aperture ratio in a pixel can be increased.

[0281]

<Modification example 1>

In this embodiment, a display device that can be manufactured with a small
number of masks as compared with that of the semiconductor device described in any of
Embodiments 1 to 4 is described with reference to FIG. 23. |
[0282]

In the display device illustrated in FIG. 23, the number of masks can be reduced
by not etching the oxide insulating film 22 and the oxide insulating film 24 formed over
the transistor 102. In addition, the nitride insulating film 27 is formed over the oxide
insulating film 24, and an opening 41a through which part of the conductive film 21b is
exposed is formed in the oxide insulating films 22 and 24 and the nitride insulating film
27. A conductive film 29d functioning as a pixel electrode, which is connected to the
conductive film 21b in the opening 41a, is formed over the nitride insulating film 27.
[0283]

The conductive film 21d is formed over the oxide insulating film 17. Since
the conductive film 21d is formed at the same time as the conductive films 21a and 21b
are formed, an additional photomask is not needed to form the conductive film 21d.

The conductive film 21d functions as a capacitor line. That is, a capacitor 105a
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includes the conductive film 21d, the oxide insulating film 22, the oxide insulating film
24, the nitride insulating film 27, and the conductive film 29d functioning as a pixel
electrode.

[0284]

Note that the structures, methods, and the like described in this embodiment
can be used as appropriate in combination with any of the structures, methods, and the
like described in the other embodiments.

[0285]
[Embodiment 4]

In this embodiment, a display device which is different from the display
devices in Embodiment 2 and a manufacturing method thereof are described with
reference to drawings. This embodiment is different from Embodiment 2 in that the
transistor has a structure in which an oxide semiconductor film is provided between
different gate electrodes, that is, a dual-gate structure. Note that the structures similar
to those in Embodiment 2 are not described repeatedly here.

[0286]

A specific structure of an element layer formed over the first substrate 11
included in the display device is described. The transistor provided in the display
device of this embodiment is different from that in Embodiment 2 in that a conductive
film 29b functioning as a gate electrode and overlapping part of or the whole of each of
the conductive film 13 functioning as a gate electrode, the oxide semiconductor film 19a,
the conductive films 21a and 21b, and the oxide insulating film 25 is provided. The
conductive film 29b functioning as a gate electrode is connected to the conductive film
13 functioning as a gate electrode in the opening 41a, 41b.

[0287]

A transistor 102a illustrated in FIG. 24 is a channel-etched transistor. Note
that the transistor 102a in the channel length direction and a capacitor 105 are illustrated
in a cross-sectional view in a portion A-B, and the transistor 102a in the channel width
direction and a connection portion between the conductive film 13 functioning as a gate
electrode and the conductive film 29b functioning as a gate electrode are illustrated in a
cross-sectional view in a portion C-D. |

[0288]
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The transistor 102a in FIG. 24 has a dual-gate structure and includes the
conductive film 13 functioning as a gate electrode over the first substrate 11. In
addition, the transistor 102& includes the nitride insulating film 15 formed over the first
substrate 11 and the conductive film 13 functioning as a gate electrode, the oxide
insulating film 17 formed over the nitride insulating film 15, the oxide semiconductor
film 19a overlapping with the conductive film 13 functioning as a gate electrode with
the nitride insulating film 15 and the oxide insulating film 17 provided therebetween,
and the conductive films 21a and 21b functioning as a source electrode and a drain
electrode which are in contact with the oxide semiconductor film 19a. Moreover, the
oxide insulating film 23 is formed over the oxide insulating film 17, the oxide
semiconductor film 19a, and the conductive films 21a and 21b functioning as a source
electrode and a drain electrode, and the oxide insulating film 25 is formed over the
oxide insulating film 23. The nitride insulating film 27 isv formed over the nitride
insulating film 15, the oxide insulating film 23, the oxide insulating film 25, and the
conductive film 21b. The pixel electrode 19b is formed over the oxide insulating film
17.  The pixel electrode 19b is connected to one of the conductive films 21a and 21b
functioning as a source electrode and a drain electrode, here, connected to the
conductive film 21b. The commén electrode 29 and the conductive film 29b
functioning as a gate electrode are formed over the nitride insulating film 27.

[0289]

As illustrated in the cross-sectional view in a portion C-D, the conductive film
29b functioning as a gate electrode is connected to the conductive film 13 functioning
as a gate electrode in the opening 41a, 41b provided in the nitride insulating film 15, the
oxide insulating film 17, the oxide insulating film 23, the oxide insulating film 25, and
the nitride insulating film 27. That is, the conductive film 13 functioning as a gate
electrode and the conductive film 29b functioning as a gate electrode have the same
potential.

[0290]

Thus, by applying voltage at the same potential to each gate electrode of the
transistor 102a, variation in the initial characteristics can be reduced, and degradation of
the transistor 102a after the —GBT stress test and a change in the rising voltage of

on-state current at different drain voltages can be suppressed. In addition, a region
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where carriers flow in the oxide semiconductor film 19a becomes larger in the film
thickness direction, so that the amount of carrier movement is increased. As a result,
the on-state current of the transistor 102a is increased, and the field-effect mobility is
increased. Typically, the field-effect mobility is greater than or equal to 20 cm?®/V's.
[0291]

Over the transistor 102a in this embodiment, the oxide insulating films 23 and
25 are formed. The oxide insulating films 23 and 25 overlap with the oxide
semiconductor film 19a. In the cross-sectional view in the channel width direction,
end portions of the oxide insulating films 23 and 25 are positioned on an outer side of
an end portion of the oxide semiconductor film 19a. Furthermore, in the channel
width direction in FIG. 24, the conductive film 29b functioning as a gate electrode is
positioned at end portions of the oxide insulating films 23 and 25.

[0292]

An end portion processed by etching or the like of the oxide semiconductor
film is damaged by processing, to produce defects and also contaminated by the
attachment of an impurity, or the like. Thus, the end portion of the oxide
semiconductor film is easily activated by application of a stress such as an electric field,
thereby easily becoming n-type (having a low resistance). Therefore, the end portion
of the oxide semiconductor film 19a overlapping with the conductive film 13
functioning as a gate electrode easily becomes n-type. When the end portion which
becomes n-type is provided between the conductive films 21a and 21b functioning as a
source electrode and a drain electrode, the region which becomes n-type functions as a
carrier path, resulting in a parasitic channel. However, as illustrated in the
cross-sectional view in a portion C-D, when the conductive film 29b functioning as a
gate electrode faces a side surface of the oxide semiconductor film 19a with the oxide
insulating films 23 and 25 provided therebetween in the channel width direction, due to
the electric field of the conductive film 29b functioning as a gate electrode, generation
of a parasitic channel on the side surface of the oxide semiconductor film 19a or in a
region including the side surface and the vicinity of the side surface is suppressed. As
a result, a transistor which has excellent electrical characteristics such as a sharp
increase in the drain current at the threshold voltage is obtained.

[0293]
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In the capacitor 105a, the pixel electrode 19b is formed at the same time as the
oxide semiconductor film 19a and has increased conductivity by containing an impurity.
Alternatively, the pixel electrode 19b is formed at the same time as the oxide
semiconductor film 19a, and has increased conductivity by containing oxygen vacancies
generated by plasma damage or the like. Alternatively, the pixel electrode 19b is
formed at the same time as the oxide semiconductor film 19a, and has increased
conductivity by containing impurities and oxygen vacancies generated by plasma
damage or the like.

[0294]

On an element substrate of the display device described in this embodiment,
the pixel electrode is formed at the same time as the oxide semiconductor film of the
transistor. The pixel electrode also functions as one of electrodes of the capacitor.
The common electrode also functions as the other of electrodes of the capacitor. Thus,
a step of forming another conductive film is not needed to form the capacitor, and the
number of steps of manufacturing the semiconductor device can be reduced. The
capacitor has a light-transmitting property. As a result, the area occupied by the
capacitor can be increased and the aperture ratio in a pixel can be increased.

[0295]
| Details of the transistor 102a are described below. Note that the components
with the same reference numerals as those in Embodiment 2 are not described here.
[0296] _
The conductive film 29b functioning as a gate electrode can be formed using a

material similar to that of the common electrode 29 in Embodiment 2.

1[0297)

Next, a method for manufacturing the transistor 102a and the capacitor 105a in
FI1G. 24 is described with reference to FIGS. 10A to 10D, FIGS. 11A to 11D, FIG. 12A,
and FIGS. 25A to 25C.
[0298]

As in Embodiment 2, through the steps illustrated in FIGS. 10A to 12A, the
conductive film 13 functioning as a gate electrode, the nitride insulating film 15, the
oxide insulating film 16, the oxide semiconductor film 19a, the pixel electrode 19b, the

conductive films 21a and 21b functioning as a source electrode and a drain electrode,
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the oxide insulating film 22, the oxide insulating film 24, and the nitride insulating film
26 are formed over the first substrate 11. In these steps, photography processes using
the first photomask to the fourth photomask are performed.

[0299]

Next, a mask is formed over the nitride insulating film 26 through a
photolithography process using a fifth photomask, and then part of the nitride insulating
film 26 is etched using the mask; thus; the nitride insulating film 27 having the opening
41a, 41b is formed as illustrated in FIG. 25A. |
[0300]

Next, as illustrated in FIG. 25B, the conductive film 28 to be the common
electrode 29 and the conductive film 29b functioning as a gate electrode is formed over
the conductive film 13 functioning as a gate electrode, and the nitride insulating film 27.
[0301]

Then, a mask is formed over the conductive film 28 by a photolithography
process using a sixth photomask. Next, as illustrated in FIG 25C, part of the
conductive film 28 is etched with the use of the mask to form the common electrode 29
and the conductive film 29b functioning as a gate electrode. After that, the mask is
removed.

[0302]

Through the above process, the transistor 102a is manufactured and the
capacitor 105a can also be manufactured.
[0303]

In the transistor described in this embodiment, when the conductive film 29b
functioning as a gate electrode faces a side surface of the oxide semiconductor film 19a
with the oxide insulating films 23 and 25 provided therebetween in the channel width
direction, due to the electric field of the conductive film 29b functioning as a gate
electrode, generation of a parasitic channel on the side surface of the oxide
semiconductor film 19a or in a region including the side surface and the vicinity of the
side surface is suppressed. As a result, a transistor which has excellent electrical
characteristics such as a sharp increase in the drain current at the threshold voltage is
obtained.

[0304]
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The element substrate of the display device of this embodiment is provided
with a common electrode including a stripe region extending in a direction intersecting
with a signal line. Therefore, the display device can have excellent contrast.

[0305]

On an element substrate of the display device described in this embodiment,
the pixel electrode is formed at the same time as the oxide semiconductor film of the
transistor. The pixel electrode functions as the one of electrodes of the capacitor.
The common electrode also functions as the other of electrodes of the capacitor. Thus,
a step of forming another conductive film is not needed to form the capacitor, and the
number of steps of manufacturing the display device can be reduced. The capacitor
has a light-transmitting property. As a result, the area occupied by the capacitor can be
increased and the aperture ratio in a pixel can be increased.

[0306]

Note that the structures, methods, and the like described in this embodiment
can be used as appropriate in combination with any of the structures, methods, and the
like described in the other embodiments.

[0307]
[Embodiment 5]

In this embodiment, a display device including a transistor in which the number
of defects in an oxide semiconductor film can be further reduced as compared with the
above embodiments is described with reference to drawings. The transistor described
in this embodiment is different from any of the transistors in Embodiments 2 to 4 in that
a multilayer film including a plurality of oxide semiconductor films is provided. Here,
details are described using the transistor in Embodiment 2.

[0308] |

FIGS. 26A and 26B each illustrate a cross-sectional view of an element
substrate included in a display device. FIGS. 26A and 26B are cross-sectional views
taken along dashed-dotted lines A-B and C-D in FIG. 4.

[0309]

A transistor 102b in FIG. 26A includes a multilayer film 37a overlapping with

the conductive film 13 functioning as a gate electrode with the nitride insulating film 15

and the oxide insulating film 17 provided therebetween, and the conductive films 21a
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and 21b functioning as a source electrode and a drain electrode in contact with the
multilayer film 37a. The oxide insulating film 23, the oxide insulating film 25, and the
nitride insulating film 27 are formed over the nitride insulating film 15, the oxide
insulating film 17, the multilayer film 37a, and the conductive films 21la and 21b
functioning as a source electrode and a drain electrode.

[0310] -

The capacitor 105b in FIG. 26A includes a multilayer film 37b formed over the
oxide insulating film 17, the nitride insulating film 27 in contact with the multilayer
film 37b, and the common electrode 29 in contact with the nitride insulating film 27.
The multilayer film 37b functions as a pixel electrode.

[0311]

In the transistor 102b described in this embodiment, the multilayer film 37a
includes the oxide semiconductor film 19a and an oxide semiconductor film 39a. That
is, the multilayer film 37a has a two-layer structure. In addition, part of the oxide
semiconductor film 19a functions as a channel region. Moreover, the oxide insulating
film 23 is formed in contact with the multilayer film 37a, and the oxide insulating film
25 1s formed in contact with the oxide insulating film 23. That is, the oxide
semiconductor film 39a is provided between the oxide semiconductor film 19a and the
oxide insulating film 23.

[0312]

The oxide semiconductor film 39a is an oxide film containing one or more
elements that constitute the oxide semiconductor film 19a. Thus, interface scattering
is unlikely to occur at the interface between the oxide semiconductor films 19a and 39a.
Thus, the transistor can have high field-effect mobility because the movement of
carriers is not hindered at the interface.

[0313]

The oxide semiconductor film 39a is typically an In-Ga oxide film, an In-Zn
oxide film, or an In-M-Zn oxide film (M represvents Al, Ga, Y, Zr, Sn, La, Ce, or Nd).
The energy at the conduction band bottom of the oxide semiconductor film 39a is closer
to a vacuum level than that of the oxide semiconductor film 19a is, and typically, the
difference between the energy at the conduction band bottom of the oxide

semiconductor film 39a and the energy at the conduction band bottom of the oxide
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semiconductor film 19a is any one of 0.05 eV or more, 0.07 eV or more, 0.1 ¢V or more,
or 0.15 eV or more, and any one of 2 eV or less, 1 eV or less, 0.5 eV or less, or 0.4 eV
or less. That is, the difference between the electron affinity of the oxide
semiconductor film 39a and the electron affinity of the oxide semiconductor film 19a is
any one of 0.05 eV or more, 0.07 eV or more, 0.1 eV or more, or 0.15 eV or more, and
any one of 2 eV orless, 1 eV or less, 0.5 eV or less, or 0.4 eV or less.

[0314]

The oxide semiconductor film 39a preferably contains In because carrier
mobility (electron mobility) can be increased.
[0315] '

When the oxide semiconductor film 39a contains a larger amount of Al, Ga, Y,
Zr, Sn, La, Ce, or Nd in an atomic ratio than the amount of In in an atdmic ratjo, any of
the following effects may be obtained: (1) the energy gap of the oxide semiconductor
film 39a is widened; (2) the electron affinity of the oxide semiconductor films film 39a
is reduced; (3) scattering of impurities from the outside is reduced; (4) an insulating
property increases as compared to the oxide semiconductor film 19a; and (5) oxygen
vacancies are less likely to be generated because Al, Ga, Y, Zr, Sn, La, Ce, or Nd is a
metal element strongly bonded to oxygen.

[0316]

In the case where the oxide semiconductor film 39a is an In-M-Zn oxide film,
the proportions of In and M when the summation of In and M is assumed to be 100
atomic% aré preferably as follows: the atomic percentage of In is less than 50 atomic%
and the atomic percentage of M is more than 50 atomic%; further preferably, the atomic
percentage of In is less than 25 atomic% and the atomic percentage of M is more than
75 atomic%.

[0317]

Furthermore, in the case where each of the oxide semiconductor films 19a and
39a is an In-M-Zn oxide film (M represents Al, Ga, Y, Zr, Sn, La, Ce, or Nd), the
proportion of M étoms (M represents Al, Ga, Y, Zr, Sn, La, Ce, or Nd) in the oxide
semiconductor film 39a is higher than that in the oxide semiconductor film 19a. As a

typical example, the proportion of M in the oxide semiconductor film 39a is 1.5 times or
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more, preferably twice or more, further preferably three times or more as high as that in
the oxide semiconductor film 19a.
[0318]

Furthermore, in the case where each of the oxide semiconductor film 19a and
the oxide semiconductor film 39a is an In-M-Zn oxide film (M represents Al, Ga, Y, Zr,
Sn, La, Ce, or Nd), when In:M:Zn = x,:y,:z) [atomic ratio] is satisfied in the oxide
semiconductor film 39a and In:M:Zn = x;:y,:z, [atomic ratio] is satisfied in the oxide
semiconductor film 19a, yi/x; is higher than y,/x;. Preferably, y]/x; 1s 1.5 times or
more as high as y,/x;.  Further preferably, yi/x) is twice or more as high as y,/x;.  Still
further preferably, yi/x, is three times or more as high as y»/x;.

[0319] |

In the case where the oxide semiconductor film 19a is an In-M-Zn oxide film
(M is Al, Ga, Y, Zr, Sn, La, Ce, or Nd) and a target having the atomic ratio of metal
elements of In:M:Zn = x;:y;:z; 1s used for forming the oxide semiconductor film 19a,
Xi/yy is preferably greater than or equal to 1/3 and less than or equal to 6, further
preferably greater than or equal to 1 and less than or equal to 6, and z/y; is preferably
greater than or equal to 1/3 and less than or equal to 6, further preferably greater than or
equal to 1 and less than or equal to 6. Note that when z,/y, is greater than or equal to 1
and less than or equal to 6, a CAAC-OS film to be described later as the oxide
semiconductor film 19a is easily formed. Typical examples of the atomic ratio of the -
metal elements of the target are In:M:Zn = 1:1:1, IniM:Zn = 1:1:1.2, and In:M:Zn =
3:1:2.

[0320] ‘

In the case where the oxide semiconductor film 39a is an In-M-Zn oxide film
M ié Al, Ga, Y, Zr, Sn, La, Ce, or Nd) and a target having the atomic ratio of metal
elements of In:M:Zn = x5:y»:z; is used for forming the oxide semiconductor film 39a,
X2/y, 1s preferably less than x,/y;, and z,/y; is preferably greater than or equal to 1/3 and
less than or equal to 6, further preferably greater than or equal to 1 and less than or
equal to 6. Note that when z,/y; is greater than or equal to 1 and less than or equal to 6,
a CAAC-OS film to be described later as the oxide semiconductor film 39a is easily

formed. Typical examples of the atomic ratio of the metal elements of the target are
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In:M:Zn = 1:3:2, In:M:7Zn = 1:3:4, In:M:Zn =1:3:6, In:M:Zn = 1:3:8, In:M:Zn = 1:4:4,
In:M:Zn =1:4:5, and In:M:Zn = 1:6:8.
[0321]

Note that the proportion of each metal element in the atomic ratio of each of
the oxide semiconductor films 19a and the oxide semiconductor film 39a varies within a
range of 40 % of that in the above atomic ratio as an error.

[0322]

The oxide semiconductor film 39a also functions as a film that relieves damage
to the oxide semiconductor film 19a at the time of forming the oxide insulating film 25
later.

[0323]

The thickness of the oxide semiconductor film 39a is greater than or equal to 3
nm and less than or equal to 100 nm, preferably greater than or equal to 3 nm and less
than or equal to 50 nm.

[0324]

The oxide semiconductor film 39a may have a non-single-crystal structure, for
example, like the oxide semiconductor film 19a. The non-single-crystal structure
includes a c-axis aligned crystalline oxide semiconductor (CAAC-OS) which is
described later, a polycrystalline structure, a microcrystalline structure which is
described later, or an amorphous structure, for example.

[0325]

The oxide semiconductor film 39a may have an amorphous structure, for
example. The oxide semiconductor films having the amorphous structure each have
disordered atomic arrangement and no crystalline component, for example.

[0326]

Note that the oxide semiconductor films 19a and 39a may each be a mixed film
including two or more of the following: a region having an amorphous structure; a
region having a microcrystalline structure, a region having a polycrystalline structure, a
CAAC-OS region, and a region having a single-crystal structure. The mixed film has
a single-layer structure including, for example, two or more of a region having an

amorphous structure, a region having a microcrystalline structure, a region having a
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polycrystalline structure, a CAAC-OS region, and a region having a single-crystal
structure in some cases. Furthermore, in some cases, the mixed film has a
stacked-layer structure in which two or more of the following regions are stacked: a
region having an amorphous structure, a region having a microcrystalline structure, a -
region having a polycrystalline structure, a CAAC-OS region, and a region having a
single-crystal structure.

[0327)

Here, the oxide semiconductor film 39a is formed between the oxide
semiconductor film 19a and the oxide insulating film 23. Thus, if carrier traps are
formed between the oxide semiconductor film 39a and the oxide insulating film 23 by
impurities and defects, electrons flowing in the oxide semiconductor film 19a are less
likely to be captured by the carrier traps because there is a distance between the carrier
traps and the oxide semiconductor film 19a. Accordingly, the amount of on-state
current of the transistor can be increased, and the field-effect mobility can be increased.
When the electrons are captured by the carrier traps, the electrons become negative
fixed cbharges. As a result, a threshold voltage of the transistor changes. However, by
the distance between the o-xide semiconductor film 19a and the carrier traps, capture of
electrons by the carrier traps can be reduced, and accordingly, the amount of change in
the threshold voltage can be reduced.

[0328]

Impurities from the outside can be blocked by the oxide semiconductor film
39a, and accordingly, the amount of impurities that are transferred from the outside to
the oxide semiconductor film 19a can be reduced. Furthermore, an oxygen vacancy is
less likely to be formed in the oxide semiconductor film 39a. Consequently, the
impurity concentration and the number of oxygen vacancies in the oxide semiconductor
film 19a can be reduced.

[0329]

Note that the oxide semiconductor films 19a and 39a are not only formed by
simply stacking each film, but also are formed to have a continuous junction (here, in
particular, a structure in which the energy of the bottom of the conduction band is
changed continuously between each film). In other words, a stacked-layer structure in

which there exist no impurity that forms a defect level such as a trap center or a
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recombination center at the interface between the films is provided. If an impurity
exists between the oxide semiconductor films 19a and 39a which are stacked, a
continuity of the energy band is damaged, and the carrier is captured or recombined at
the interface and then disappears.

[0330)

In order to form such a continuous energy band, it is necessary to form films
continuously without being exposed to air, with use of a multi-chamber deposition
apparatus (sputtering apparatus) including a load lock chamber. Each chamber in the
sputtering apparatus is preferably evacuated to be a high vacuum state (to the degree of
about 5 x 1077 Pato 1 x 107 Pa) with an adsorption vacuum evacuation pump such as a
cryopump in order to remove water or the like, which serves as an impurity against the
oxide semiconductor film, as much as possible. Alternatively, a turbo molecular pump
and a cold trap are preferably combined so as to prevent a backflow of a gas, especially
a gas containing carbon or hydrogen from an exhaust system to the inside of the
chamber.

[0331]}

As in a transistor 102¢ in FIG 26B, a multilayer film 38a may be provided
instead of the multilayer film 37a.
[0332] '

In addition, as in a capacitor 105¢ in FIG. 26B, a multilayer film 38b may be
provided instead of the multilayer film 37b.
[0333]

The multilayer film 38a includes an oxide semiconductor film 49a, the oxide
semiconductor film 19a, and the oxide semiconductor film 39a. That is, the multilayer
film 38a has a three-layer structure. Furthermore, the oxide semiconductor film 19a
functions as a channel region.

[0334]

The oxide semiconductor film 49a can be formed using a material and a

fdrmation method similar to those of the oxide semiconductor film 39a.
[0335]
The multilayer film 38b includes an oxide semiconductor film 49b, an oxide

semiconductor film 19f, and an oxide semiconductor film 39b. In other words, the
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multilayer film 38b has a three-layer structure. The multilayer ﬁlfn 38b functions as a
p‘ixel electrode.
[0336]

The oxide semiconductor film 19f can be formed using a material and a
formation method similar to those of the pixel electrode 19b as appropriate. The oxide
semiconductor film 49b can be formed using a material and a formation method similar
to those of the oxide semiconductor film 39b as appropriate.

[0337]

In addition, the oxide insulating film 17 and the oxide semiconductor film 49a
are in contact with each other. That is, the oxide semiconductor film 49a is provided
between the oxide insulating film 17 and the oxide semiconductor film 19a.

[0338]

The multilayer film 38a and the oxide insulating film 23 are in contact with
each other. In addition, the oxide semiconductor film 39a and the oxide insulating film
23 are in contact with each other. That is, the oxide semiconductor film 39a is
provided between the oxide semiconductor film 19a and the oxide insulati_ng film 23.
[0339]

It is preferable that the thickness of the oxide semiconductor film 49a be
smaller than that of the oxide semiconductor film 19a. When the thickness of the
oxide semiconductor film 49a is greater than or equal to 1 nm and less than or equal to 5
nm, preferably greater than or equal to 1 nm and less than or equal to 3 nm, the amount
of change in the threshold voltage of the transistor can be reduced.

[0340]

In the transistor described in this embodiment, the oxide semiconductor film
39a is provided between the oxide semiconductor film 19a and the oxide insulating film
23.  Thus, if carrier traps are formed between the oxide semiconductor film 39a and
the oxide insulating film 23 by impurities and defects, eléctrons flowing in the oxide
semiconductor film 19a are less likely to be captured by the carrier traps because there
is a distance between the carrier traps and the oxide semiconductor film 19a.
Accordingly, the amount of on-state current of the transistor can be increased, and the
field-effect mobility can be increased. When the electrons are captured by the carrier

traps, the electrons become negative fixed charges. As a result, a threshold voltage of
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the transistor changes. However, by the distance between the oxide semiconductor
film 19a and the carrier traps, capture of electrons by the carrier traps can be reduced,
and accordingly, the amount of change in the threshold voltage can be reduced.

[0341] |

Impurities from the outside can be blocked by the oxide semiconductor film
39a, and accordingly, the amount of impurities that are transferred from the outside to
the oxide semiconductor film 19a can be reduced. Furthermore, an oxygen vacancy is
less likely to be formed in the oxide semiconductor film 39a. Consequently, the
impurity concentration and the number of oxygen vacancies in the oxide semiconductor
film 19a can be reduced.

[0342]

Furthermore, the oxide semiconductor film 49a is provided between the oxide
insulating film 17 and the oxide semiconductor film 19a, and the oxide semiconductor
film 39a is provided between the oxide semiconductor film 19a and the oxide insulating
film 23. Thus, 1t is possible to reduce the concentration of silicon or carbon in the
vicinity of the interface between the oxide semiconductor film 49a and the oxide
semiconductor film 19a, the concentration of silicon or carbon in the oxide
semiconductor film 19a, or the concentration of silicon or carbon in the vicinity of the
interface between the oxide semiconductor film 39a and the oxide semiconductor film
19a.  Consequently, in the multilayer film 38a, the absorption coeflicient derived from
a constant photocurrent method is lower than 1 x 10> /cm, preferably lower than 1 x
10" /em, and thus density of localized levels is extremely low.

[0343]

The transistor 102¢ having such a structure includes very few defects in the
multilayer film 38a including the oxide semiconductor film 19a; thus, the electrical
characteristics of the transistor can be improved, and typically, the on-state current can
be increased and the field-effect mobility can be improved. Moreover, in a BT stress
test and a BT photostress test which are examples of a stress test, the amount of change
in threshold voltage is small, and thus, reliability is high.

[0344]
Note that the structures, methods, and the like described in this embodiment

can be used as appropriate in combination with any of the structures, methods, and the
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like described in the other embodiments.
[0345]
[Embodiment 6]

In this embodiment, one embodiment that can be applied fo the oxide
semiconductor film in the transistor included in the display device described in the
above embodiment is described.

[0346]

An oxide semiconductor film is classified into, for example, a
non-single-crystal oxide semiconductor film and a single crystal oxide semiconductor
film.  Alternatively, an oxide semiconductor is classified into, for example, a
crystalline oxide semiconductor and an amorphous oxide semiconductor.

[0347]

Examples of a non-single-crystal oxide semiconductor include a c-axis aligned
crystalline oxide semiconductor (CAAC-OS), a polycrystalline oxide semiconductor, a
microcrystalline oxide semiconductor, and an amorphous oxide semiconductor. In
addition, examples of a crystalline oxide semiconductor include a single crystal oxide
semiconductor, a CAAC-OS, a polycrystalline oxide semiconductor, and a
microcrystalline oxide semiconductor.

[0348]

The oxide semicohductor film may include one or more of the following: an
oxide semiconductor having a single-crystal structure (hereinafter referred to as a
single-crystal oxide semiconductor); an oxide semiconductor having a polycrystallirie
structure (hereinafter referred to as a polycrystalline oxide semiconductor); an oxide
semiconductor having a microcrystalline structure (hereinafter referred to as a
microcrystalline oxide semiconductor); and an oxide semiconductor having an
amorphous structure (hereinafter referred to as an amorphous oxide semiconductor).
Furthermore, the oxide semiconductor film may include a CAAC-OS film.
Furthermore, the oxide semiconductor film may include an amorphous oxide
semiconductor and an oxide semiconductor having a crystal grain. Described below
are a CAAC-OS and a microcrystalline oxide semiconductor as typical examples.

[0349]
<CAAC-0OS>
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First, a CAAC-OS film is described.
[0350]

The CAAC-OS film is one of oxide semiconductor films having a plurality of
c-axis aligned crystal parts.
[0351)

With a transmission electron microscope (TEM), a combined analysis image
(also referred to as a high-resolution TEM image) of a bright-field image and a
diffraction pattern of the CAAC-OS film is observed. Consequently, a plurality of
crystal parts are observed clearly. However, a boundary between crystal parts, that is,
a grain boundary is not clearly observed even in the high-resolution TEM image. Thus,
in the CAAC-OS film, a reduction in electron mobility due to the grain boundary. is less
likely to occur.

[0352]

According to the high-resolution cross-sectional TEM image of the CAAC-OS
film observed in a direction substantially parallel to the sample surface, metal atoms are
arranged in a layered manner in the crystal parts. FEach metal atom layer has a
morphology that reflects 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 parallel to the formation surface
or the top surface of the CAAC-OS film.

[0353]

On the other hand, according to the high-resolution planar TEM image of the
CAAC-OS film observed in a direction substantially pefpendicular to the sample
surface, metal atoms are arranged in a triangular or hexagonal configuration in the
crystal parts. However, there is no regularity of arrangement of metal atoms between
different crystal parts.

[0354]

FIG. 27A is a high-resolution cross-sectional TEM image of a CAAC-OS film.
FIG. 27B is a high-resolution cross-sectional TEM image obtained by enlarging the
image of FIG. 27A. In FIG 27B, atomic arrangement is highlighted for easy
understanding.

[0355]
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FIG. 27C is Fourier transform images of regions each surrounded by a circle
(the diameter is about 4 nm) between A and O and between O and A’ in FIG. 27A.
C-axis alignment can be observed in each region in FIG. 27C. The c-axis direction
between A and O is different from that between O and A’, which indicates that a grain in
the region between A and O is different from that between O and A’. In addition,
between A and O, the angle of the c-axis continuously and gradually changes from 14.3°,
16.6° to 26.4°. Similarly, between O and A’, the angle of the c-axis continuously
changes from —18.3°, -17.6°, to —15.9°.

[0356]

Note that in an electron diffraction pattern of the CAAC-OS film, spots (bright
spots) having alignment are shown. Meanwhile, spots are shown in a nanobeam
electron diffraction pattern of the top surface of the CAAC-OS film obtained by using
an electron beam having é probe diameter ranging from 1 nm to 30 nm, for example
(see FIG. 28A).

10357]

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

[0358]

Most of the crystal parts included in the CAAC-OS film each fit 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 inside a cube whose one side is less than 10 nm, less than 5
nm, or less than 3 nm. Note that when a plurality of crystal parts included in the
CAAC-OS film are connected to each other, one large crystal region is formed in sofne
cases. For example, a crystal region with an area of 2500 nm?” or more, 5 umz or more,
or 1000 pm? or more is observed in-some cases in the plan high-resolution TEM image.
[0359]

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 frequently when the

diffraction angle (26) is around 31°. This peak is derived from the (009) plane of the
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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.

[0360]

On the other hand, when the CAAC-OS film is analyzed by an in-plane method
in which an X-ray enters a sample in a direction substantially perpendicular to the c-axis,
a peak appears frequently when 268 is around 56°. This peak is derived from the (110)
plane of the InGaZnOj4 crystal. Here, analysis (¢ scan) is performed under conditions
where the sample is rotated around a normal vector of a sample surface as an axis
(¢ axis) with 28 fixed at around 56°. In the case where the sample is a single-crystal
oxide semiconductor film of InGaZnQy, 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 26
fixed at around 56°.

[0361]

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 formation surface or a normal
vector of a top surface. Thus, each metal atom layer arranged in a layered manner
observed in the high-resolution cross-sectional TEM image corresponds to a plane
parallel to the a-b plane of the crystal.

[0362]
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 a normal
vector of a formation surface or a normal vector of a top surface. 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 a normal vector of a formation surface or a
normal vector of a top surface of the CAAC-OS film.
[0363]

Furthermore, distribution of c-axis aligned crystal parts in the CAAC-OS film
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is not necessarily uniform. For example, in the case where crystal growth leading to
the crystal parts of the CAAC-OS film occurs from the vicinity of the top surface of the
film, the proportion of the c-axis aligned crystal parts in the vicinity of the top surface is
higher than that in the vicinity of the fofmation surface in some cases. Furthermore,
when an impurity is added to the CAAC-OS film, a region to which the impurity is
added is altered, and the proportion of the c-axis aligned crystal parts in the CAAC-OS
film varies depending on regions, in some cases.

[0364]

Note that when the CAAC-OS film with an InGaZnO, crystal is analyzed by an
out-of-plane method, a peak of 28 may also be observed at around 36°, in addition to
the peak of 28 at around 31°. The peak of 26 at around 36° indicates that a crystal
having no c-axis alignment is included in part of the CAAC-OS film. It is preferable
that in the CAAC-OS.ﬁlm, a peak of 20 appear at around 31° and a peak of 26 not

appear at around 36°.
[0365]

The CAAC-OS film is an oxide semiconductor film having low impurity
concentratidn. The impurity is an element other than the main components of the
oxide semiconductor film, such as hydrogen, carbon, silicon, or a transition metal
element. In particular, an element that has higher bonding strength to oxygen than a
metal element included in the oxide semiconductor film, such as silicon, disturbs the
atomic arrangement of the oxide semiconductor film by depriving the oxide
semiconductor film of oxygen and causes a decrease in crystallinity. In addition, a
heavy metal such as iron or nickel, argon, carbon dioxide, or the like has a large atomic
radius (molecular radius), and thus disturbs the atomic arrangement of the oxide
semiconductor film and causes a decrease in crystallinity when it is contained in the
oxide semiconductor film. Note that the impurity contained in the oxide
semiconductor film might function as a carrier trap or a carrier generation source.

[0366] 4

The CAAC-OS film is an oxide semiconductor film having a low density of

defect states. In some cases, oxygen' vacancies in the oxide semiconductor film

function as carrier traps or function as carrier generation sources when hydrogen is
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captured therein.
[0367]
The state in which impurity concentration is low and density of defect states is

low (the amount of oxygen vacancies is small) is referred to as a “highly purified

~intrinsic” or “substantially highly purified intrinsic” state. A highly purified intrinsic

or substantially highly purified intrinsic oxide semiconductor film has few carrier
generation sources, and thus can have a low carrier density. Thus, a transistor
including the oxide semiconductor film rarely has negative threshold voltage (is rarely
normally on). The highly purified intrinsic or substantially highly purified intrinsic
oxide semiconductor film has a low density of defect states, and thus has few carrier
traps. Accordingly, the transistor including the oxide semiconductor film has little
variation in electrical characteristics and high reliability. Electric charge trapped by
the carrier traps in the oxide semiconductor film takes a long time to be released, and
might behave like fixed electric charge. Thus, the transistor which includes the oxide
semiconductor film having high impurity concentration and a high density of defect
states has unstable electrical characteristics in some cases.

[0368]

With the use of the CAAC-OS film in a transistor, variation in the electrical
characteristics of the transistor due to irradiation with .visible light or ultraviolet light is
small.

[0369]
<Microcrystalline oxide semiconductor>

Next, a microcrystalline oxide semiconductor film is described.
[0370] |

A microcrystalline oxide semiconductor film has a region where a crystal part
is observed in a high resolution TEM image and a region where a crystal part is not
clearly observed in a high resolution TEM image. In most cases, a crystal part in the
microcrystalline oxide semiconductor film is greater than or equal to 1 nm and less than
or equal to 100 nm, or greater than or equal to 1 nm and less than or equal to 10 nm. A
microcrystal with a size greater than or equal to 1 nm and less than or equal to 10 nm, or
a size greater than or equal to 1 nm and less than or equal to 3 nm is specifically

referred to as nanocrystal (nc). An oxide semiconductor film including nanocrystal is
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referred to as an nc-OS (nanocrystalline oxide semiconductor) film. In an image of the
nc-OS film observed with a TEM, for example, a grain boundary is not easily and
clearly observed in some cases.

[0371]

In the nc-OS film, a microscopic region (e.g., a region with a size greater than
or equal to 1 nm and less than or equal to 10 nm, in particular, a region with a size
greater than or equal to 1 nm and less than or equal to 3 nm) has a periodic atomic order.
Note that there is no regularity of crystal orientation between different crystal parfs in
the nc-OS film. Thus, the orientation of the whole film is not observed. Accordingly,
in some cases, the nc-OS film cannot be distinguished from an amorphous oxide
semiconductor depending on an analysis method. For examble, when the nc-OS film
is subjected to structural analysis by an out-of-plane method with an XRD apparatus
using an X-ray having a diameter larger than that of a crystal part, a peak which shows a
crystal plane does not appear. Furthermore, a halo pattern 1s shown in a selected-area
electron diffraction pattern of the nc-OS film obtained by using an electron beam having
a probe diameter (e.g., larger than or equal to 50 nm) larger than a diameter of a crystal
part. Meanwhile, spots are shown in a nanobeam electron diffraction pattern of the
nc-OS film obtained by using an electron beam having a probe diameter close to, or
smaller than the diameter of a crystal part. Furthermore, in a nanobeam electron
diffraction pattern of the nc-OS film, regions with high luminance in a circular (ring)
pattern are observed in some cases. Moreover, in a nanobeam electron diffraction
pattern of the nc-OS film, a plurality of spots are shown in a ring-like region in some
cases (see FIG. 28B).

[0372]

The nc-OS film is an oxide semiconductor film that has high regularity as
compared to an amorphous oxide semiconductor film. Therefore, the nc-OS film has a
lower density of defect states than an amorphous oxide semiconductor film. However,
there is no regularity of crystal orientation between different crystal parts in the nc-OS
film; hence, the nc-OS film has a higher density of defect states than the CAAC-OS
film. '

[0373]

Next, an amorphous oxide semiconductor film is described.
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[0374]

The amorphous oxide semiconductor film has disordered atomic arrangement
and no crystal part. For example, the amorphous oxide semiconductor film does not
have a specific state as in quartz.

[0375]

In the high-resolution TEM image of the amorphous oxide semiconductor film,
crystal parts cannot be found.
[0376]

When the amorphous oxide semiconductor film is subjected to structural
analysis by an out-of-plane method with an XRD apparatus, a peak which shows a
crystal plane does not appear. A halo pattern is shown in an electron diffraction pattern
of the amorphous oxide semiconductor film. Furthermore, a halo pattern is shown but
a spot is not shown in a nanobeam electron diffraction pattern of the amorphous oxide
semiconductor film.

[0377]

The amorphous oxide semiconductor film contains impurities sﬁch as hydrogen
at a high concentraﬁon. In addition, the amorphous oxide semiconductor film has a
high density of defect states.

[0378]

The oxide semiconductor film having a high impurity concentration and a high
density of defect states has many carrier traps or many carrier generation sources.
[0379]

Accordingly, the amorphous oxide semiconductor film has a much higher
carrier density than the nc-OS film. Therefore, a transistor including the amorphous
oxide semiconductor film tends to be normally on. Thus, in some cases, such an
amorphous oxide semiconductor film can be applied to a transistor which needs to be
normally on. Since the amorphous oxide semiconductor film has a high density df
defect states, carrier traps might be increased. ' Consequently, a transistor including the
amorphous oxide semiconductor film has larger variation in electrical characteristics
and lower reliability than a transistor including the CAAC-OS film or the nc-OS film.
[0380]

Note that an oxide semiconductor film may have a structure having physical
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properties between the nc-OS film and the amorphous oxide semiconductor film. The
oxide semiconductor film having such a structure is specifically referred to as an
amorphous-like oxide semiconductor (amorphous-like OS) film.

[0381]

In a high-resolution TEM image of the amorphous-like OS film, a void may be
observed. Furthermore, in the high-resolution TEM image, there are a region where a
crystal part is clearly observed and a region where a crystal part is not observed. In the
amorphous-like OS film, crystallization by a slight amount of electron beam used for
TEM observation occurs and growth of the crystal part is found sometimes. In
contrast, crystallization by a slight amount of electron beam used for TEM observation
is less observed in the nc-OS film having good quality.

[0382]

Note that the crystal part size in the amorphous-like OS film and the nc-OS
film can be measured using high-resolution TEM images. For example, an InGaZnO,
crystal has a layered structure in which two Ga-Zn-O layers are included between In-O
layers. A unit cell of the InGaZnQO, crystal has a structure in which nine layers of three
In-O layers and six Ga-Zn-O layers are layered in the c-axis direction. Accordingly,
the spacing between these adjacent layers is equivalent to the lattice spacing on the
(009) plane (also referred to as d value). The value is calculated to 0.29 nm from
crystal structure analysis. Thus, each of the lattice fringes in which the spacing
therebetween is from 0.28 nm to 0.30 nm is regarded to correspond to the a-b plane of
the InGaZnOj crystal, focusing on the lattice fringes in the high-resolution TEM image.
Let the maximum length in the region in which the lattice fringes are observed be the
size of crystal part of the amorphous-like OS film and the nc-OS film. Note that the
crystal part whose size is 0.8 nm or larger is selectively evaluated.

[0383]

FIG. 35 shows examination results of change in average size of crystal parts
(20-40 points) in the amorphous-like OS film and the nc-OS film using the
high-resolution TEM images. As in FIG 35, the crystal part size in the
amorphous-like OS film increases with an increase of the total amount of electron
irradiation.  Specifically, the crystal part of approximately 1.2 nm at the start of TEM

observation grows to a size of approximately 2.6 nm at the total amount of electron
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irradiation of 4.2 x 10%/nm?®. In contrast, the crystal part size in the good-quality
nc-OS film shows a little change from the start of electron irradiation to the total
amount of electron irradiation of 4.2 x 10%/nm’ regardless of the amount of electron
irradiation.

[0384]

Furthermore, in FIG. 35, by linear approximation of the change in the crystal
part size in the amorphous-like OS film and the nc-OS film and extrapolation to the
total amount of electron irradiation of O¢”/nm?, the average size of the crystal part is
found to be a positive value. This means that the crystal parts exist in the
amorphous-like OS film and the nc-OS film before TEM observation.

[0385]

Note that an oxide semiconductor film may be a stacked film including two or
more kinds of an amorphous oxide semiconductor film, a microcrystalline oxide
semiconductor film, and a CAAC-OS film, for example. |
[0386]

In the case where the oxide semiconductor film has a plurality of structures, the
structures can be analyzed using nanobeam electron diffraction in some cases.

[0387]

FIG. 28C illustrates a transmission electron diffraction measurement apparatus
which includes an electron gun chamber 70, an optical system 72 below the electron
gun chamber 70, a sample chamber 74 below the optical system 72, an optical system
76 below the sample chamber 74, an observation chamber 80 below the optical system
76, a camera 78 installed in the observation chamber 80, and a film chamber 82 below
the observation chamber 80. The camera 78 is provided to face toward the inside of
the observation chamber 80. Note that the film chamber 82 is not necessarily
provided.

[0388]

FIG. 28D illustrates an internal structure of the transmission electron diffraction
measurement apparatus illustrated in FIG. 28C. In the transmission electron diffraction
measurement apparatus, a substance 88 which is positioned in the sample chamber 74 is

irradiated with electrons emitted from an electron gun installed in the electron gun
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' charhber 70 through the optical system 72. The electrons which have passed through

the substance 88 enter a fluorescent plate 92 which is installed in the observation
chamber 80 through the optical system 76. A pattern which depends on the intensity
of the incident electrons appears in the fluorescent plate 92, so that the transmitted
electron diffraction pattern can be measured.

[0389]
The camera 78 is installed so as to face the fluorescent plate 92 and can take a

picture of a pattern appearing in the fluorescent plate 92. An angle formed by a

straight line which passes through the center of a lens of the camera 78 and the center of

the fluorescent plate 92 and an upper surface of the fluorescent plate 92 is, for example,
15° or more and 80° or less, 30° or more and 75° or less, or 45° or more and 70° or less.
As the angle is reduced, distortion of the transmission electron diffraction pattern takeﬁ
by the camera 78 becomes larger. Note that if the angle is obtained in advance, the
distortion of an obtained transmission electron diffraction pattern can be corrected.
Note that the film chamber 82 may be provided with the camera 78. For example, the
camera 78 may be set in the film chamber 82 so as to be opposite to the incident
direction of electrons 84. In this case, a transmission electron diffraction pattern with
less distortion can be taken from the rear surface of the fluorescent plate 92.

[0390]

A holder for fixing the substance 88 that is a sample is provided in the sample
chamber 74. The holder transmits electrons passing through the substance 88. The
holder may have, for example, a function of moving the substance 88 in the direction of
the X, Y, and Z axes. The movement function of the holder may have an accuracy of
moving the substance in the range of, for example, 1 nm to 10 nm, 5 nm to 50 nm, 10
nm to 100 nm, 50 nm to 500 nm, and 100 nm to 1 um. The range is preferably
determined to be an optimal range for the structure of the substance 88.

[0391]

Then, a method for measuring a transmission electron diffraction pattern of a
substance by the transmission electron diffraction measurement apparatus described
above is described. |

[0392]
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For example, changes in the structure of a substance can be observed by
changing (scanning) the irradiation position of the electrons 84 that are a nanobeam in
the substance, as illustrated in FIG. 28D. At this time, when the substance 88 is a
CAAC-OS film, a diffraction pattern shown in FIG. 28A can be observed. When the
substance 88 i1s an nc-OS film, a diffraction pattern shown in FIG. 28B can be observed.
[0393] |

Even when the substance 88 is a CAAC-OS film, a diffraction pattern similar
to that of an nc-OS film or the like is partly observed in some cases. Therefore,
whether or not a CAAC-OS film is favorable can be determined by the proportion of a
region where a diffraction pattern of a CAAC-OS film is observed in a predetermined
area (also referred to as proportion of CAAC). In the case of a high quality CAAC-OS
film, for example, the proportion of CAAC is higher than or equal to 50 %, preferably
higher than or equal to 80 %, further preferably higher than or equal to 90 %, still
further preferably higher than or equal to 95 %. Note that a region where a diffraction
pattern different from that of a CAAC-OS film is observed is referred to as the
proportion of non-CAAC. ‘

[0394]

For example, transmission electron diffraction patterns were obtained by
scanning a top surface of a sample including a CAAC-OS film obtained just after
deposition (represented as “as-sputtered”) and a top surface of a sample including a
CAAC-OS subjected to heat treatment at 450 °C in an atmosphere containing oxygen.
Here, the proportion of CAAC was obtained in such a manner that diffraction patterns
were observed by scanning for 60 seconds at a rate of 5 nm/second and the obtained
diffraction patterns were converted into still images every 0.5 seconds. Note that as an
electron beam, a nanobeam with a probe diameter of 1 nm was used. The above
measurement was performed on six samples. The proportion of CAAC was calculated
using the average value of the six samples. |
[0395]

FIG. 29A shows the proportion of CAAC in each sample. The proportion of
CAAC of the CAAC-OS film obtained just after the deposition was 75.7 % (the
proportion of non-CAAC was 24.3 %). The proportion of CAAC of the CAAC-OS
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film subjected to the heat treatment at 450 °C was 85.3 % (the proportion of non-CAAC
was 14.7 %). These results show that the proportion of CAAC obtained after the heat
treatment at 450 °C is higher than that obtained just after the deposition. That is, heat
treatment at a high temperature (e.g., higher than or equal to 400 °C) reduces the
proportion of non-CAAC (increases the proportion of CAAC). Furthermore, the above
results also indicate that even when the temperature of the heat treatment is lower than
500 °C, the CAAC-OS film can have a high proportion of CAAC.

[0396]

Here, most of diffraction patterns different from that of a CAAC-OS film are
diffraction patterns similar to that of an nc-OS film. Furthermore, an amorphous oxide
semiconductor film was not able to be observed in the measurement region. Therefore,
the above results suggest that the region having a structure similar to that of an nc-OS
film is rearranged by the heat treatment owing to the influence of the structure of the
adjacent région, whereby the region becomes CAAC.

[0397]

FIGS. 29B and 29C are high-resolution planar TEM images of the CAAC-OS
film obtained just after the deposition and the CAAC-OS film subjected to the heat
treatment at 450 °C, respectively. Comparison between FIGS. 29B and 29C shows
that the CAAC-OS film subjected to the heat treatment at 450 °C has more uniform film
quality. That is, the heat treatment at a high temperature improves the film quality of
the CAAC-OS film. |
[0398]

With such a measurement method, the structure of an oxide semiconductor film
having a plurality of structures can be analyzed in some cases.

[0399]
<Oxide semiconductor film and oxide conductor film>

Next, the temperature dependence of conductivity of a film formed with an
oxide semiconductor (heréinafter referred to as an oxide semiconductor film (OS)) and
that of a film formed with an oxide conductor (hereinafter referred to as an oxide
conductor film (OC)), which can be used for the pixel electrode 19b, is described with

reference to FIG. 34. In FIG 34, the horizontal axes represent measurement
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temperature (the lower horizontal axis represents 1/T and the upper horizontal axis
represents T), and the vertical axis represents conductivity (1/p). Measurement results
of the oxide semiconductor film (OS) are plotted as triangles, and measurement results
of the oxide conductor film (OC) are plotted as circles.

[0400] |

Note that a sample including the oxide semiconductor film (OS) was prepared
by forming a 35-nm-thick In-Ga-Zn oxide film over a glass substrate by a sputtering
method using a sputtering target with an atomic ratio of In:Ga:Zn = 1:1:1.2, forming a
20-nm-thick In-Ga-Zn oxide film over the 35-nm-thick In-Ga-Zn oxide film by a
sputtering method using a sputtering target with an atomic ratio of In:Ga:Zn = 1:4:5,
performing heat treatment at 450 °C in a nitrogen atmosphere and then performing heat
treatment at 450 °C in an atmosphere of a mixed gas of nitrogen and oxygen, and
forming a silicon oxynitride film over the oxide films by a plasma CVD method..

[0401]

A sample including the oxide conductor film (OC) is prepared by forming a
100-nm-thick In-Ga-Zn oxide film over a glass substrate by a sputtering method using a
sputtering target with an atomic ratio of [n:Ga:Zn = 1:1:1, performing heat treatment at
450 °C in a nitrogen atmosphere and then performing heat treatment at 450 °C in an
atmosphere of a mixed gas of nitrogen and oxygen, and forming a silicon nitride film
over the oxide film by a plasma CVD method.

[0402]

" As can be seen from FIG. 34, the temperature dependence of conductivity of
the oxide conductor film (OC) is lower than the temperature dependence of conductivity
of the oxide semiconductor film (OS). Typically, the range of variation of conductivity
of the oxide conductor film (OC) at temperatures from 80 K to 290 K is from more than
-20 % to less than +20 %. Alternatively, the range of variation of conductivity at
temperatures from 150 K to 250 K is from more than —10 % to less than +10 %. In
other words, the oxide conductor is a degenerate semiconductor and it is suggested that
the conduction band edge agrees with or substantially agrees with the Fermi level.
Therefore, the oxide conductor film (OC) can be used for a resistor, a wiring, an

electrode, a pixel electrode, a common electrode, or the like.
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[0403]

Note that the structures, methods, and the like described in this embodiment
can be used as appropriate in combination with any of the structures, methods, and the
like described in the other embodiments.

[0404]
[Embodiment 7]

In the transistor using an oxide semiconductor film, the current in an off state
(off-state current) can be made low, as described in Embodiment 2. Accordingly, an
electric signal such as a video signal can be held for a longer period and a writing

interval can be set longer.

[0405]

Wifh the use of a transistor with a low off-state current, the liquid crystal
display device in this embodiment can display images by at least two driving methods
(modes). The first driving mode is a conventional driving method of a liquid crystal
display device, in which data is rewritten sequentially every frame. The second
driving mode is a driving method in which data rewriting is stopped after data writing is
executed, i.e., a driving mode with a reduced refresh rate.

[0406)

Moving images are dispiayed in the first driving mode. A still image can be
displayed without change in image data every frame; thus, it is not necessary to rewrite
data every frame. When the liquid crystal display device is driven in thé second
drivihg mode in displaying still images, power consumption can be reduced with fewer
screen flickers.

[0407]

A liquid crystal element used in the liquid crystal display device in this
embodiment has a large-area capacitor that can accumulate a large capacitance. Thus,
it is possible to make the retention period of potentials on the pixel electrode longer and
to apply such a driving mode with a reduced refresh rate. In addition, a change in
voltage applied to the liquid crystal layer can be suppressed for a long time even when
the liquid crystal display device is used in the driving mode with a reduced refresh rate.
This makes it possible to preventvscreen flickers from being perceived by a user more

effectively. Accordingly, the power consumption can be reduced and the display
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quality can be improved.
[0408]

An effect of reducing the refresh rate will be described here.
[0409]

The eye strain is divided into two categories: nerve strain and muscle strain.
The nerve strain is caused by prolonged looking at light emitted from a liquid crystal
display device or blinking images. This is because the brightness stimulates and
fatigues the retina and nerve- of the eye and the brain. The muscle strain is caused by
overuse of a ciliary muscle which works for adjusting the focus.

[0410]

FIG. 30A is a schematic diagram illustrating display of a conventional liquid
crystal display device. As shown in FIG 30A, for the display of the conventional
liquid crystal display device, image rewriting is performed 60 times per second. A
prolonged loOking at such a screen might stimulate a retina, optic nerves, and a brain of
a user and lead to eye strain.

[0411]

In one embodiment of the present invention, a transistor with an extremely low
off-state current (e.g., a transistor using an oxide semiconductor) is used in a pixel
portion of a liquid crystal display device. In addition, the liciuid crystal element has a
large-area capacitor. With these components, leakage of electrical charges
accumulated on the capacitor can be suppressed, whereby the luminance of a liquid
crystal display device can be kept even at a lower frame frequency.

[0412]

That is, as shown in FIG. 30B, an image can be rewritten as less frequently as
once every five seconds, for example. This enables the user to see the same one image
as long as possible, so that flickers on the screen recognized by the user are reduced.
Consequently, a stimulus to the retina or the nerve of an eye or the brain of the user is
relieved, resulting in less nervous fatigue.

[0413]

One embodiment of the present invention can provide an eye-friendly liquid
crystal display device.
[0414]
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Note that the structures, methods, and the like described in this embodiment
can be used as appropriate in combination with any of the structures, methods, and the
like described in the other embodiments.

[0415]
[Embodiment 8]

In this embodiment, structural examples of electronic devices each using a
display device of one embodiment of the present invention will be described. In
addition, in this embodiment, a display module using a display device of one
embodiment of the present invention will be described with reference to FIG. 31.

[0416]
In a display module 8000 in FIG. 31, a touch panel 8004 connected to an FPC

8003, a display panel 8006 connected to an FPC 8005, a backlight unit 8007, a frame

8009, a printed board 8010, and a battery 8011 are provided between an upper cover
8001 and a lower cover 8002. Note that the backlight unit 8007, the battery 8011, the
touch panel 8004, and the like are not provided in some cases.

[0417]

The display device of one embodiment of the present invention can be used for
the display panel 8006, for example.
[0418]

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

[0419]

The touch panel 8004 can be a resistive touch panel or a capacitive touch panel
and may be formed so as to overlap with the display panel 8006. A counter substrate
(sealing substrate) of the display panel 8006 can have a touch panel function. A
photosensor may be provided in each pixel of the display panel 8006 to form an optical
touch panel. An electrode for a touch sensor may be provided in each pixel of the
display panel 8006 so that a capacitive touch panel is obtained.

[0420]

The backlight unit 8007 includes a light source 8008. The light source 8008

may be provided at an end portion of the backlight unit 8007 and a light diffusing plate |
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may be used.
[0421]

The frame 8009 protects the display panel 8006 and also functions as an
electromagnetic shield for blocking electromagnetic waves generated by the operation
of the printed board 8010. The frame 8009 can function as a radiator plate too. '
[0422]

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

[0423] |

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

[0424)

FIGS. 32A to 32D are each an external view ot an electronic device including a
display device of one embodiment of the present invention.
[0425]

Examples of electronic devices are a television set I(also referred to as a
television or a television receiver), a monitor of a computer or the like, a camera such as
a digital camera or a digital video camera, a digital photo frame, a mobile phone handset
(also referred to as a mobile phone or a mobile phone device), a portable game machine,
a portable information terminal, an audio reproducing device, a large-sized game
machine such as a pachinko machine, and the like.

[0426]

FIG. 32A illustrates a portable information terminal including a main body
1001, a housing 1002, display portions 1003a and 1003b, and the like. The display
portion 1003b is a touch panel. By touching a keyboard button 1004 displayed on the
display portion 1003b, a screen can be operated, and text can be input. It is needless to
say that the display portion 1003a may be a touch panel. A liquid crystal panel or an
organic light-emitting panel is fabricated using any of the transistors described in the

above embodiments as a switching element and used in the display portion 1003a or
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1003b, whereby a highly reliable portable information terminal can be provided.
[0427]

The portable information terminal illustrated in FIG. 32A can have a function
of displaying a variety of information (e.g., a still image, a moving image, and a text
image); a function of displaying a calendar, a date, the time, and the like on the display
portion; a function of operating or editing the information displayed on the display
portion; a function of controlling processing by various kinds of software (programs);
and the like. Furthermore, an external connection terminal (an earphone terminal, a
USB terminal, or the like), a recording medium insertion portion, and the like may be
provided on the back surface or the side surface of the housing.

[0428] |

The portable information terminal illustrated in FIG. 32A may transmit and
receive data wirelessly. Through wireless communication, desired book data or the
like can be purchased and downloaded from an e-book server.

[0429]

- FIG. 32B illustrates a portable music player including, in a main body 1021, a
display portion 1023, a fixing portion 1022 with which the portable music player can be
worn on the ear, a speaker, an operation button 1024, an external memory slot 1025, and
the like. A liquid crystal panel or an organic light-emitting panel is fabricated using
any of the transistors described in the above embodiments as a switching element and
used in the display portion 1023, whereby a highly reliable portable music player can be
provided.

[0430]

Furthermore, when the portable music player illustrated in FIG. 32B has an
antenna, a microphone function, or a wireless communication function and is used with
a mobile phone, a user can talk on the phone wirelessly .in a hands-free way while
driving a car or the like.

[0431]

FIG. 32C illustrates a mobile phone, which includes two housings, a housing
1030 and a housing 1031. The housing 1031 includes a display panel 1032, a speaker
1033, a microphone 1034, a pointing device 1036, a camera 1037, an external

connection terminal 1038, and the like. The housing 1030 is provided with a solar cell
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1040 for charging the mobile phone, an external memory slot 1041, and the like. In
addition, an antenna is incorporated in the housing 1031. Any of the transistors
described in the above embodiments is used in the display panel 1032, whereby a highly
reliable mobile phone can be provided.
[0432]

Furthermore, the display panel 1032 includes a tbuch panel. A plurality of
operation keys 1035 that are displayed as images are indicated by dotted lines in FIG.
32C. Note that a boosting circuit by which voltage output from the solar cell 1040 is

increased to be sufficiently high for each circuit is also included.

[0433]

In the display panel 1032, the direction of display is changed as appropriate
depending on the application mode. In addition, the mobile phone has the camera
1037 and the display panel 1032 on the same surface side, and thus it can be used as a
video phone. The speaker 1033 and the microphone 1034 can be used for videophone
calls, recording, and playing sound, etc., as well as voice calls. Moreover, the
housings 1030 and 1031 in a state where they are developed as illustrated in FIG. 32C
can shift, to a state where one is lapped over the other by sliding. Therefore, the size
of the mobile phone can be reduced, which makes the mobile phone suitable for being
carried around.

[0434]

The external connection terminal 1038 can be connected to an AC adaptor and
a variety of cables such as a USB cable, whereby charging and data communication
with a personal computer or the like are possible. Furthermore by inserting a
recording medium into the external memory slot 1041, a larger amount of data can be
stored and moved.

[0435]

In addition, in addition to the above functions, an infrared communication
function, a television reception function, or the like may be provided.

[0436] ‘

FIG. 32D illustrates an example of a television set. In a television set 1050, a
display portion 1053 is incorporated in a housing 1051. Images can be displayed on
the display portion 1053. Moreover, a CPU is incorporated in a stand 1055 supporting
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the housing 1051.  Any of the transistors described in the above embodiments is used
in the display port‘ion 1053 and the CPU, whereby the television set 1050 can have high
reliability. ' |

[0437]

The television set 1050 can be operated with an operation switch of the housing
1051 or a separate remote controller. In addition, the remote controller may be
provided with a display portion for displaying data output from the remote controller.
[0438]

Note that the television set _1050 is provided with a receiver, a modem, and the
like. With the use of the receiver, general television broadcasting can be received.
Moreover, when the television set is connected to a communication network with or
without wires via the modem, one-way (from a sender to a receiver) or two-way
(between a sender and a receiver or between receivers) information communication can
be performed.

[0439]

Furthermore, the television set 1050 is provided with an external connection
terminal 1054, a storage medium recording and reproducing portion 1052, and an
external memory slot. The external connection terminal 1054 can be connected to
various types of cables such as a USB cable, and data communication with a personal
computer or the like is possible. A disk storage medium is inserted into. the storage
medium recording and reproducing portion 1052, and reading data stored in the storage
medium and writing data to the storage medium can be performed. In addition, an
image, a video, or the like stored as data in an external memory 1056 inserted into the
external memory slot can be displayed on the display portion 1053.

[0440]

Furthermore, in the case where the off-state leakage current of the transistor
described in the above embodiments is extremely small, when the transistor is used in
the external memory 1056 or the CPU, the television set 1050 can have high reliability
and sufficiently reduced power consumption.

[0441] .
Note that the structures, methods, and the like described in this embodiment

can be used as appropriate in combination with any of the structures, methods, and the
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like déscribed in the other embodiments.

REFERENCE NUMERALS

[0442]

10: transistor, 10a: transistor, 10b: transistor, 11: substrate, 12: conductive film, 13:
conductive film, 14: gate insulating film, 15: nitride insulatihg film, 16: oxide insulating
film, 17: oxide insulating film, 18: oxide semiconductor ﬁlfn, 19a: oxide semiconductor
film, 19b: pixel electrode, 19c: oxide semiconductor film, 19d: film, 19f: oxide
semiconductor film, 19g: oxide semiconductor film, 20: conductive film, 2la:
conductive film, 21b: conductive film, 21b_1: region, 21b_2: region, 21c: common line,
21d: conductive film, 21e: conductive film, 21f: conductive film, 21g: conductive film,
21h: conductive film, 21i: conductive film, 22: oxide insulating film, 23: oxide
insulating film, 24: oxide insulating film, 25: oxide insulating film, 26: nitride insulating
film, 27: nitride insulating film, 28: conductive film, 29: common electrode, 29a:
common electrode, 29a_1: region, 29a_2: region, 29b: conductive film, 29¢: conductive
film, 29d: conductive film, 30: inorganic insulating film, 30a: inorganic insulating film,
31: organic insulating film, 31a: organic insulating film, 31b: organic insulating film,
31c: organic insulating film, 33: alignment film, 37a: multilayer film, 37b: multilayer
film, 38a: multilayer film, 38b: multilayer film, 39a: oxide semiconductor film, 39b:
oxide semiconductor film, 40: opening, 41: opening, 4la: opening, 42: opening, 49a:
oxide semiconductor film, 49b: oxide semiconductor film, 70: electron gun chamber,
72: optical system, 74: sample chamber, 76: optical system, 78: camera, 80: observation
chamber, 82: film chamber, 84: electron, 88: substance, 92: fluorescent plate, 101: pixel
portion, 102: transistor, 102a: transistor, 102b: transistor, 102c: transistor, 103: pixel,
103a: pixel, 103b: pixel, 103c: pixel, 104: scan line driver circuit, 105: capacitor, 105a:
capacitor, 105b: capacitor, 105c: capacitor, 106: signal line driver circuit, 107: scan line,
109: signal line, 115: capacitor line, 121: liquid crystal element, 131: light-emitting
element, 133: transistor, 135: transistor, 137: wiring, 139: wiring, 141: wiring, 320:
liquid crystal layer, 322: liquid crystal element, 322a: liquid crystal element, 342:
substrate, 344: light-blocking film, 346: coloring film, 348: insulating film, 350:
conductive film, 352: alignment film, 1001: main body, 1002: housing, 1003a: display
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portion, 1003b: display portion, 1004: keyboard button, 1021: main body, 1022: fixing
portion, 1023: display portion, 1024: operation button, 1025: external memory slot,
1030: housing, 1031: housing, 1032: display panel, 1033: speaker, 1034: microphone‘,
1035: operation key, 1036: pointing device, 1037: camera, 1038: external connection
terminal, 1040: solar cell, 1041: external memory slot, 1050: television set, 1051:
housing, 1052: storage medium recording and reproducing portion, 1053: display
portion, 1054: external connection terminal, 1055: stand, 1056: external memory, 8000:
display module, 8001: upper cover, 8002: lower cover, 8003: FPC, 8004: touch panel,
8005: FPC, 8006: display panel, 8007: backlight unit, 8008: light source, 8009: frame,
8010, printed board, and 8011: battery.

This application is based on Japanese Patent Application serial no.
2013-219516 filed with Japan Patent Office on October 22, 2013 and Japanese Patent
Application serial no. 2014-047260 filed with Japan Patent Office on March 11, 2014,

the entire contents of which are hereby incorporated by reference.
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CLAIMS:

1. A display device comprising:
a transistor over a first substrate;
an inorganic insulating film over the transistor;
an organic insulating film on and in contact with the inorganic insulating film;
and
a pixel electrode on and in contact with the inorganic insulating film, the pixel
electrode electrically connected to the transistor,
wherein the transistor comprises:
a gate electrode over the first substrate;
an oxide semiconductor film over the gate electrode; and
a gate insulating film between the gate electrode and the oxide
semiconductor film,
wherein an upper surface of the oxide semiconductor film is in contact with the
inorganic insulating film,
wherein the organic insulating film overlaps with the oxide semiconductor film
with the inorganic insulating film provided therebetween, and
wherein an end portion of the gate electrode is positioned on an outer side of an

end portion of the organic insulating film.

2. The display device according to claim 1, further comprising:

a second substrate overlapping with the first substrate; and

a liquid crystal layer betweeh the organic insulating film and the second
substrate,

wherein the transistor and the organic insulating film are provided between the

first substrate and the second substrate.

3. The display device according to claim 1, further comprising:
a second substrate overlapping with the first substrate; and
a liquid crystal layer between the pixel electrode and the secondﬁsubstrate,

wherein the transistor and the organic insulating film are provided between the
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first substrate and the second substrate, and
wherein the liquid crystal layer is not provided between the organic insulating

film and the second substrate.

4. The display device according to claim 1,
wherein a thickness of the organic insulating film is greater than or equal to

500 nm and less than or equal to 10 pm.

5. The display device according to claim 1,
wherein the inorganic insulating film comprises an oxide insulating film in
contact with the upper surface of the oxide semiconductor film and a nitride insulating

film on and in contact with the oxide insulating film.

6. The display device according to claim 1,
wherein, in a plan view, the oxide semiconductor film is the organic insulating

film completely overlaps with the oxide semiconductor film.

7. A display device comprising:
a transistor over a first substrate;
an inorganic insulating film over the transistor;
an organic insulating film on and in contact with the inorganic insulating film;
a pixel electrode electrically connected to the transistor; and
a capacitor electrically connected to the transistor,
wherein the transistor comprises:
‘ a gate electrode over the first substrate;
an oxide semiconductor film over the gate electrode; and
a gate insulating film between the gate electrode and the oxide
semiconductor film, |
wherein an upper surface of the oxide semiconductor film is in contact with the
inorganic insulating film,
wherein the organic insulating film overlaps with the oxide semiconductor film

with the inorganic insulating film provided therebetween,
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wherein an end portion of the gate electrode is positioned on an outer side of an

end portion of the organic insulating film,
| wherein the capacitor comprises the pixel electrode, the inorganic insulating

film and a metal oxide film,

wherein the pixel electrode comprises a light-transmitting conductive material
and the pixel electrode overlaps with the metal oxide film with the inorganic insulating
film provided therebetween, and .

wherein the metal oxide film contains the same metal element as the oxide
semiconductor film and an upper surface of the metal oxide film is in contact with the

inorganic insulating film.

8. The display device according to claim 7, further comprising:

a second substrate overlapping with the first substrate; and

a liquid crystal layer between the organic insulating film and the second
substrate,

wherein the transistor and the organic insulating film are provided between the

first substrate and the second substrate.

9. The display device according to claim 7, further comprising:

a second substrate overlapping with the first substrate; and

a liquid crystal layer between the pixel electrode and the second substrate,

wherein the transistor and the organic insulating film are provided between the
first substrate and the second substrate, and

wherein the liquid crystal layer is not provided between the organic insulating

film and the second substrate.

10. The display device according to claim 7,
wherein a thickness of the organic insulating film is greater than or equal to

500 nm and less than or equal to 10 pum.

11. The display device according to claim 7,

wherein the inorganic insulating film comprises an oxide insulating film in
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contact with the upper surface of the oxide semiconductor film and a nitride insulating

film on and in contact with the oxide insulating film.

12. The display device according to claim 7,
wherein, in a plan view, the organic insulating film completely overlaps with

the oxide semiconductor film.

13. The display device according to claim 7, further comprising,
‘a pair of electrodes in contact with the oxide semiconductor film,
wherein one of the pair of electrodes electrically connected to the pixel

electrode.

14. A display device comprising:
a transistor over a first substrate;
an inorganic insulating film over the transistor;
‘an organic insulating film on and in contact with the inorganic insulating film;
a pixel electrode electrically connected to the transistor;
a capacitor electrically connected to the transistor,
wherein the transistor comprises:
a gate electrode over the first substrate;
an oxide semiconductor film over the gate electrode; and
a gate insulating film between the gate electrode and the oxide
semiconductor film, |
wherein an upper surface of the oxide semiconductor film is in contact with the
inorganic insulating film,
wherein the organic insulating film overlaps with the oxide semiconductor film
with the inorganic insulating film provided therebetween,
wherein an end portion of the gate electrode is positioned on an outer side of an
end portion of the organic insulating film,
wherein the capacitor comprises the pixel electrode, the inorganic insulating
film and a light-transmitting conductive film,

wherein the pixel electrode is provided over the gate inéulating film and
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contains the same metal element as the oxide semiconductor film, and
wherein the light-transmitting conductive film overlaps with the pixel electrode
with the inorganic insulating film provided therebetween and the light-transmitting

conductive film functions as a common electrode.

15. The display device according to claim 14, further comprising:

a second substrate overlapping with the first substrate; and

a liquid crystal layer betwgen the organic insulating film and the second
substrate,

wherein the transistor and the organic insulating film are provided between the

first substrate and the second substrate.

16. The display device according to claim 14, further comprising:

a second substrate overlapping with the first substrate; and

a liquid crystal layef between thé pixel electrode and the second substrate,

wherein the transistor and the organic insulating film are provided between the
first substrate and the second substrate, and

wherein the liquid crystal layer is not provided between the organic insulating

film and the second substrate.

17. The display device according to claim 14
wherein a thickness of the organic insulating film is greater than or equal to

500 nm and less than or equal to 10 pm.

18. The display device according to claim 14,
wherein the inorganic insulating film comprises an oxide insulating film in
contact with the upper surface of the oxide semiconductor film and a nitride insulating

film on and in contact with the oxide insulating film.

19. The display device according to claim 14,
wherein, in a plan view, the organic insulating film completely overlaps with

the oxide semiconductor film.
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20. The display device according to claim 14, further comprising,
a pair of electrodes in contact with the oxide semiconductor film,
wherein one of the pair of electrodes electrically connected to the pixel

electrode.
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