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DESCRIPTION
SEQUENTIAL CIRCUIT AND SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a semiconductor device. In particular, the
present invention relates to a sequential circuit using unipolar transistors, and a
semiconductor device such as a semiconductor display device using the sequential

circuit.

BACKGROUND ART
[0002] |

Semiconductor display devices, such as liquid crystal display devices and EL
display devices, used in portable electronic devices have been required to reduce an area
other than a pixel portion (i.e., to narrow a frame width). A system-on-panel obtained
by forming a pixel portion and some of or all driver cifcuits over one substrate is
effective in meeting the above need. In the case of the systém-on-panel, like the pixel
portion, the driver circuit preferably includes unipolar transistors because the panel can
be manufactured at low cost. Patent Documents 1 and 2 disclose techniques for
formation of various circuits such as inverters and shift registers that are used in driver
circuits of semiconductor display devices and include unipolar transistors.
[Reference]
[Patent Document}
[0003]
[Patent Document 1] Japanese Published Patent Application No. 2001-325798
[Patent Document 2] Japanese Published Patent Application No. 2010-277652

DISCLOSURE OF INVENTION
[0004]
In the case of a transmissive liquid crystal display device that is a

semiconductor device, if the percentage of a region transmitting light in a pixel, i.c., the



15

20

25

30

WO 2014/196550 PCT/JP2014/064799

aperture ratio is increased, light emitted from a backlight can be efficiently utilized;
accordingly, power consumption can be reduced. However, if priority is put on the
increase in the aperture ratio when determining the pixel layout, the size of
semiconductor elements such as a transistor and a capacitor included in the pixel needs
to be reduced. A capacitor with small capacitance has disadvantages such as difficulty
in controlling the alignment of liquid crystal molecules without decreasing driving
frequency and a short period for holding a potential of an image signal, resulting in
degradation in image quality. |

[0005)

Semiconductor display devices have been required to have a narrower frame
width. In addition, the semiconductor display devices have been required to ensure
reliability because in a driver circuit of a semiconductor display device including
unipolar transistors, in some cases, deterioration of the electrical characteristics of the
transistor, e.g., a shift in threshold voltage, is found in a sequential circuit that outputs a
signal having a pulse.

[0006]

In view of the above technical background, an object of one embodiment of the
present invention is to provide a semiconductor device that can reduce power
consumption without reducing image quality. Another object of one embodiment of
the present invention is to provide a semiconductor device that has high reliability and
can achieve a reduced frame width.

[0007]

In a semiconductor device of one embodiment of the present invention, a
capacitor is included in a pixel. The capacitor includes at least a metal oxide film that
has conductivity and transmits visible light, a pixel electrode that transmits visible light,
and a nitride insulating film between the metal oxide film and the pixel electrode. The
capacitor having the above structure transmits visible light. Accordingly, the required
amount of capacitance for high image quality can be secured and the aperture ratio of
the pixel can be increased; thus, light loss can be reduced in a panel and power
consumption of the semiconductor device can be reduced.

[0008]

Note that in the case of using a metal oxide film and a pixel electrode as a pair
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of electrodes of a capacitor as described above, to increase the capacitance of the.
capacitor, a resin film of acrylic or other materials is preferably not provided between
the metal oxide film and the pixel electrode. However, in the case where the resin film
is not provided, a distance between a region in the vicinity of a surface, which is far
from a gate electrode, of a semiconductor film (a back channel region) and a surface of
an element substrate in which a transistor is formed is smaller than that in the case
where the resin film is provided. For this reason, when a positive fixed charge is
generated in the vicinity of the surface of the element substrate because of moisture and
the like in the air attached on the surface, a negative charge is easily generated in the
back channel region due to the fixed charge. Therefore, the longer a period during
which a potential of the gate electrode is lower than that of a source electrode or a drain
electrode is, the easier the threshold voltage of a transistor is shifted in a negative
direction, which has been empirically found. It is found that particularly in the case
where the resin film is not provided, a shift in the threshold voltage in the negative
direction is likely to be larger than that in the case where the resin film is provided.
[0009] |

In view of the above, in one embodiment of the present invention, some
transistors included in a sequential circuit, a buffer, and the like in a driver circuit,
which have threshold voltage easily shifted in a negative direction, each include a gate
electrode on the back channel region side of a semiconductor film in addition to a
normal gate electrode. The gate electrode on the back channel region side is
electrically connected to the normal gate electrode.

[0010]

The gate electrode provided on the back channel region side can prevent
generation of a negative charge in the back channel region and suppress a shift in the
threshold voltage of the transistor in a negative direction. Furthermore, the gate
electrode on the back channel region side is electrically connected to the normal gate
electrode and the same potential is applied to the pair of electrodes instead of applying a
constant potential to the gate electrode on the back channel region side, whereby a
channel formation region can be increased to increase the drain current. Thus, a
decrease in on-state current can be suppressed and the transistor can be reduced in size,

resulting in a reduction in the area of the driver circuit.
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[0011]

One embodiment of the present invention makes it possible to provide a
semiconductor device that can reduce power consumption without reducing image
quality. Another embodiment of the present invention makes it possible to provide a

semiconductor device that has high reliability and can achieve a reduced frame width.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

FIGS. 1A and 1B each illustrate a configuration of a sequential circuit.

FIGS. 2A to 2C illustrate a structure of a transistor.

FIG. 3 illustrates a timing diagram.

FIG. 4 is a top view of a pixel.

FIG. 5 is a cross-sectional \;iew of a pixel.

FIGS. 6A to 6C are diagrams illustrating a structure and configurations of a
semiconductor display device.

FIGS. 7A and 7B illustrate configurations of a sequential circuit.

FIG. 8 illustrates a configuration of a shift register.

FIGS. 9A to 9D each illustrate a buffer.

FIG. 10 illustrates a configuration of a buffer.

FIGS. 11A and 11B illustrate a method for manufacturing an element substrate.

FIGS. 12A and 12B illustrate the method for manufacturing the element
substrate. |

FIGS. 13A and 13B illustrate the method for manufacturing the element
substrate.

| FIGS. 14A and 14B illustrate the method for manufacturing the element
. substrate.

FIG. 15 is a top view of a liquid crystal display device.

FIG. 16 is a cross-sectional view of the liquid crystal display device.

FIGS. 17A and 17B show the electrical characteristics of transistors.

FIGS. 18A to 18F illustrate electronic devices.

FIGS. 19A to 19C illustrate a structure of a transistor.

FIGS. 20A to 20C illustrate a structure of a transistor.
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FIGS. 21A to 21C illustrate a structure of a transistor.

FIGS. 22A, 22BIl, 22B2, 22C1, and 22C2 illustrate circuit symbols and
structures of transistors.

FIGS. 23A and 23B illustrate cross-sectional structures of transistors.

FIGS. 24A to 24C illustrate a structure of a transistor.

FIG. 25 is a cross-sectional view of an end portion of an oxide semiconductor
film in a transistor.

FIGS. 26A to 26C show VeI, characteristics of a transistor in Example.

FI1GS. 27A to 27C show V,—I, characteristics of a transistor in Example.

FIGS. 28A to 28C show V,—~I; characteristics of a transistor in Example.

FIG. 29A illustrates a structure of a transistor used for calculation, and FIGS.
29B and 29C show field-effect mobility and on-state current obtained by the
calculation.

FIG. 30 illustrates a model of a transistor used for calculation.

FIGS. 31A and 31B each show the channel length dependence of saturation
mobility obtained by calculation.

FIG. 32 shows the channel length dependence of on-state current obtained by
calculation.

FIG. 33A shows Vg1, characteristics obtained by calculation and FIGS. 33B
and 33C show the current distribution in an oxide semiconductor film obtained by
calculation.

FIG. 34A shows Vg—I; characteristics obtained by calculation and FIGS. 34B
and 34C show the current distribution in a silicon film obtained by calculation.

FIG. 35A shows an electron trap used for calculation and FIGS. 35B and 35C
each show the channel length dependence of saturation mobility obtained by
calculation.

FIGS. 36A to 36C illustrate flow of carriers in a transistor in an off state and an

on state.

BEST MODE FOR CARRYING OUT THE INVENTION
[0013]
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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 of the embodiments below.

[0014] 7

The present invention encompasses in its category, any semiconductor device
using a transistor, such as an integrated circuit, an RF tag, and a semiconductor device.
The integrated circuits include, in its category, large scale integrated circuits (LSIs)
including a microprocessor, an image processing circuit, a digital signal processor
(DSP), a microcontroller, and the like, and programmable logic devices (PLDs) such as
a field programmable gate array (FPGA) and a complex PLD (CPLD). Further, the
semiconductor display device includes, in its category, semiconductor display devices in
which circuit elements including semiconductor films are included in driver circuits,
such as liquid crystal display devices, light-emitting devices in which a light-emitting
element typified by an organic light-emitting element is provided in each pixel,
electronic paper, digital micromirror devices (DMDs), plasma display panels (PDPs),
and field emission displays (FEDs).

[0015]

In this specification, the semiconductor display device includes in its category,
panels in which a display element such as a liquid crystal element or a light-emitting
element is provided for each pixel, and modules in which an IC or the like including a
controller is mounted on the panél. Furthermore, an element substrate corresponding
to one mode before a display element is completed in a manufacturing process of a
semiconductor display device falls into the category of the semiconductor display
device of one embodiment of the present invention. In the element substrate, each of a
plurality of pixels are provided with a transistor, electrodes used for a display element,
such as a pixel electrode and a common electrode, and a capacitor.

[o016]
In addition, the semiconductor display device of one embodiment of the

present invention may include a touch panel which is a position input device capable of
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detecting a position pointed at with a finger, a stylus, or the like and generating a signal
including the positional information.
[0017]

Note that “connection” in this speciﬁcatibn means electrical connection and
corresponds to the state in which current, voltage, or potential can be supplied or
transmitted. Accordingly, a connection state means not only a state of direct
connection but also a state of indirect connection through a circuit element such as a
wiriﬁg, a resistor, a diode, or a transistor so that current,‘voltage, or a potential can be
supplied or transmitted. In addition, even when different components are connected to
each other in a circuit diagram, there is actually a case where one conductive film has
functions of a plurality of components such as a case where part of a wiring serves as an
electrode. The term “connection” also means such a case where one conductive ﬁlm.
has functions of a plurality of components.

[0018]

Note that a “source” of a transistor means a source region that is part of a
semiconductor film functioning as an active layer or a source electrode connected to the
semiconductor film. Similarly, a “drain™ of the transistor means a drain region that is
part of the semiconductor film or a drain electrode connected to the semiconductor film.
A “gate” means a gate electrode.

[0019]

The terms “source” and “drain” of a transistor interchange with each other
depending on the conductivity type of the transistor or levels of potentials applied to
terminals. In general, in an n-channel transistor, a terminal to which a low potential is
applied is called a source, and a terminal to which a high potential is applied is called a
drain. Further, in a p-channel transistor, a terminal to which a low potential is applied
is called a drain, and a terminal to which a high potential is applied is called a source.
In this specification, although connection relation of the transistor is described assuming
that the source and the drain are fixed in some cases for convenience, actually, the
names of the source and the drain interchange with each other depending on the relation
of the potentials.

[0020]

<Configuration example 1 of sequential circuit>
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FIG. 1A illustrates a configuration example of a sequential circuit of one
embodiment of the present invention. A sequential circuit 10 in FIG. 1A includes a
circuit 11, a transistor 12, and a transistor 13. The circuit 11 has a function of
controlling potentials of gates of the transistors 12 and 13 in accordance with potentials
of a signal LIN and a signal RIN.

[0021]

The transistor 12 has a function of controlling the electrical connection
between an output terminal OUT and a wiring to which the signal Sig or a high-level
potential VDD is applied. The transistor 13 has a function of controlling the electriéal
connection between the output terminal OUT and a wiring to which a low-level
potential VSS is applied. Specifically, one of a source and a drain of the transistor 12
is connected to the wiring to which the signal Sig or the high-level potential VDD is
applied, and one of a source and a drain of the transistor 13 is connected to the wiring to
which the low-level pétential VSS is applied. As the signal Sig, a signal with a duty
ratio of approximately 0.5, such as a clock signal, can be used. The duty ratio is the
ratio of a pulse width to a pulse period. The other of the source and the drain of the
transistor 12 and the other of the source and the drain of the transistor 13 are each
connected to the output terminal OUT.

[0022]}

The circuit 1 controls the potentials of the gates of the transistor 12 and the
transistor 13 to turn on/off the transistor 12 and turn on/off the transistor 13.  When the
transistor 12 is on and the transistor 13 is off, the wiring to which the signal Sig or the
potential VDD is applied is connected to the output terminal OUT. When the transistor
12 is off and the transistor 13 is on, the wiring to which the potential VSS is applied is
connected to the output terminal OUT.

[0023]

In the case where an output signal having a potential of the output terminal
OUT of the sequential circuit 10 is supplied to a wiring called a bus line that is
connected to a plural.ity of pixels, such as a scan line, the duty ratio of the output signal
is extremely smaller than that of the clock signal and other signals. In this case, the
transistor 12 is continuously off while a pulse does not appear; therefore, a period

during which the transistor 12 is off is extremely longer than a period during which the
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transistor 13 is off. In addition, the signal Sig or the potential VDD is applied to the
one of the source and the drain of the transistor 12, so that a period during which the
potential of the gate is lower than that of the source or the drain is long in the transistor
12 as compared to the transistor 13, which indicates that the threshold voltage of the
transistor 12 is easily shifted in a negative direction.

[0024]

In view of the above, in one embodiment of the present invention, the transistor
12 includes a pair of gate electrodes that are electrically connected to each other and
overlap with each other with a semiconductor film provided therebetween. With the
transistor 12 including the pair of gate electrodes electrically connected to each other,
even when a positive fixed charge is generated in the vicinity of the surface of the
element substrate, a negative charge can be prevented from being generated in the
vicinity of the surface of the semiconductor film due to the fixed charge, resulting in
suppression of a shift in the threshold voltage of the transistor 12 in a negative direction.
Thus, the reliability of the sequential circuit 10 can be increased, leading to an increase
in the reliability of a semiconductor device using the sequential circuit 10.

[0025]

In the case where the pair of gate electrodes is electrically connected to each
other, the same potential is applied to the péir of gate electrodes, which is different from
the case where a constant potential is applied to one of the pair of gate electrodes.
Thus, a channel formation region is increased, which makes is possible to increase drain
current of the transistor 12. Consequently, a decrease in on-state current can be
suppressed and the transistor 12 can be reduced in size; thus, the area of the sequential
circuit 10 can be reduced, resulting in a reduction in the area of a driver circuit using the
sequential circuit 10. In particular, the transistor 12 provided on the output terminal
side of the sequential circuit 10 needs to have a higher capacity for supplying voltage
than a transistor used in the circuit 11 does; therefore, it can be said that the case where
the transistor 12 includes the pair of gate electrodes enables the area of .the sequential
circuit or the driver circuit to be small as compared to the case where any of the other
transistors in the sequentiai circuit 10 includes the pair of electrodes.

[0026] |

Furthermore, with the pair of gate electrodes electrically connected to each
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10

other, a depletion layer is easily formed in the semiconductor film, which makes it
possible to improve the subthreshold value (S value) of the transistor 12,
[0027]

Next, FIG. 1B illustrates a specific configuration example of the sequential
circuit 10 illustrated in FIG. 1A. Like the sequential circuit 10 in FIG. 1A, the
sequential circuit 10 in FIG. 1B includes the circuit 11, the transistor 12, and the
transistor 13. In FIG. 1B, the circuit 11 includes transistors 14, 15, 16, and 17.

[0028]

The on/off state of the transistor 14 is determined by the potential of the signal
LIN. When the transistor 14 is on, the wiring to which the potential VDD is applied is
électrical]y connected to the gate of the transistor 12.  The on/off state of the transistor
15 is determined by the potential of the signal RIN.  When the transistor 15 is on, the
wiring to which the potential VDD is applied is electrically connected to the gate of the
transistor 13.  The on/off state of the transistor 16 is determined by the potential of the
signal RIN. When the transistor 16 is on, the wiring to which the potential VSS is

applied is electrically connected to the gate of the transistor 12. The on/off state of the

transistor 17 is determined by the potential of the signal LIN. When the transistor 17

is on, the wiring to which the potential VSS is applied is electrically connected to the
gate of the transistor 13.
[0029]
An operation example of the sequential circuit 10 in FIG. 1B is described.

Here, description is given of the case where the one of the source and the drain of the
transistor 12 is connected to the wiring to which the signal Sig is applied. Further, FIG.
3 illustrates an example of a timing diagram of the sequential circuit 10 in FIG. IB.
Note that in the timing diagram in FIG. 3, the transistors 12 to 17 are all n-channel
transistors. In FIG. 3, a node o denotes the gate of the transistor 12. |
[0030]

~As illustrated in FIG. 3, in a period T1, the potential of the signal Sig is at a
low level, the potential of the signal LIN is at a high level, and the potential of the
signal RIN is at a low level. As a result, in the period T1, the transistors 14 and 17 are
turned on, and the transistors 15 and 16 are turned off. Consequently, a potential lower

than the potential VDD by the threshold voltage of the transistor 14 is applied to the
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1

node a.. In addition, th>e potential VSS is applied to the gate of the transistor 13, so that
the transistor 13 is turned off.
[0031]

Next, as illustrated in FIG. 3, in a period T2, the potential of the signal Sig is at
a high level, the potential of the signal LIN is at a low level, and the potential of the
signal RIN is at a low level. Thus, in the period T2, the transistors 14 to 17 are turned
off, so that the node o is in a floating state. In an ideal case where parasitic
capacitance of the node o is extremely smaller than capacitance between the source and
the gate of the transistor 12, the potential of the node o is incréased by the amount of
change in the potential of the signal Sig generated between the periods T1 and T2, i.e., a

difference between a low-level potential and a high-level potential of the signal Sig.

- When the potential of the node a is increased, the gate voltage of the transistor 12

becomes sufficiently higher than the threshold voltage of the transistor 12, whereby the

high-level potential of the signal Sig is applied to the output terminal OUT.
[0032]

Note that the increase in the potential of the node o depends on the capacitance
ratio between the parasitic capacitance of the node o and the capacitance C between a
source and a gate of the transistor 14. Specifically, as the parasitic capacitance of the
node a is lower with respect to the capacitance C, the increase in the potential at the
node o is larger. Conversely, as the parasitic capacitance of the node o is higher with
respect to the capacitance C, the increase in the potential at the node o is smaller.
Therefore, it is preferable that the capacitance C between the source and the gate of the
transistor 14 is set higher than the parasitic capacitance of the node o so that the
potential of the node « is increased to make the gate voltage sufficiently higher than the
threshold voltage of the transistor 12.
[0033] |

Next, as illustrated in FIG. 3, in a period T3, the potential of the signal Sig is at
a low level, the potential of the signal LIN is at a low level, and the potential of the
signal RIN is at a high level. As a result, in the period T3, the transistors 14 and 17 are

turned off, and the transistors 15 and 16 are turned on. Thus, the potential VSS is

applied to the node a, so that the transistor 12 is turned off. In addition, the potential
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VDD is applied to the gate of the transistor 13, so that the transistor 13 is turned on.
Accordingly, the potential VSS is applied to the output terminal OUT.
[0034]

Then, as illustrated in FIG. 3, in a period T4, the potential of the signal Sig is at
a high level, the potential of the signal LIN is at a low level, and the potential of the
signal RIN is at a low level. Thus, in the period T4, the transistors 14 to 17 are turned
off. As a result, the transistor 12 remains off and the transistor 13 remains on;
accordingly, the potential VSS is applied to the output terminal OUT.

[0035]

The operation in the periods T1 to T4 allows pulse signals to be output from the
output terminal OUT of the sequential circuit 10. Note that in the case where an
output signal having a potential of the output terminal OUT of the sequential circuit 10
is supplied to a wiring called a bus line that is connected to a plurality of pixels, such as
a scan line, as in the transistor 12, in each of the transistors 14 to 17, a period during
which the potential of a gate is lower than that of a source or a drain is long as
compared to the transistor 13, which indicates that the threshold voltage is easily shifted
in a negative direction in the transistors 14 to 17.

[0036]

| In view of the above, in one embodiment of the present invention, at least one
of the transistors 14 to 17 may include a pair of gate electrodes that are electrically
connected to each other and overlap with each other with a semiconductor film provided
therebetween. FIG. 1B illustrates the transistors 14 to 17 each include a pair of gate
electrodes electrically connected to each other. With the transistors 14 to 17 each
including the pair of gate electrodes electrically connected to each other, a shift in the
threshold voltage in a negative direction can be suppressed in the transistors 14 to 17.
Thus, the reliability of the sequential circuit 10 can be increased, leading to an increase
in the reliability of a semiconductor device using the sequential circuit 10.

[0037]

In addition, a decrease in the on-state current can be suppressed and the
transistors 14 to 17 can be reduced in size; thﬁs, the area of the sequential circuit 10 can
be reduced, resulting in a reduction in the area of a driver circuit using the sequential

circuit 10.
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[0038]

Furthermore, with the pair of gate electrodes electrically connected to each
other, a depletion layer is easily formed in the semiconductor film, which makes it
possible to improve the subthreshold values (S values) of the transistors 14 to 17.

[0039]
<Structure example of transistor>

Next, FIGS. 2A to 2C illustrate a specific structure example of a transistor 20
that includes a pair of gate electrodes electrically connected to each other and can be
used as the transistor 12 and the transistors 14 to 17 illustrated in FIGS. 1A and 1B.

FIG. 2A is a top view of the transistor 20. Note that insulating films such as a gate

“insulating film are not illustrated in FIG. 2A in order to clarify the layout of the

transistor 20. FIG. 2B is a cross-sectional view along the dashed line A1-A2 in the top
view in FIG. 2A. FIG. 2C is a cross-sectional view along the dashed line A3-A4 in the
top view in FIG. 2A.

[0040]

As illustrated in FIGS. 2A to 2C, over a substrate 31 having an insulating
surface, the transistor 20 includes a conductive film 21 serving as a gate electrode, an
insulating film 22 that is over the conductive film 21 and serves as a gate insulating film,
an oxide semiconductor film 23 that is over the insulating film 22 and overlaps with the
conductive film 21, and a conductive film 24 and a conductive film 25 that are
electrically connected to the oxide semiconductor film 23 and serve as a source
electrode and a drain electrode.

[0041]

In FIGS. 2A to 2C, an insulating film 26 and an insulating film 27 are stacked
in this order over the oxide semiconductor film 23 and the conductive films 24 and 25.
The transistor 20 may include the insulating films 26 and 27. Although the insulating
films 26 and 27 are stacked in this order in FIGS. 2A to 2C, an insulating film or a stack
of three or more insulating films may be used instead of the insulating films 26 and 27.
[0042]

Furthermore, a nitride insulating film 28 and an insulating film 29 are stacked
in this order over the insulating films 26 and 27. The insulating film 29 is not

necessarily provided. Note that the insulating film 29 and the nitride insulating film 28
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serve as a dielectric film of a capacitor in the pixel that is described later. The nitride
insulating film 28 tends to have a higher dielectric constant and larger internal stress
than those of an oxide insulating film such as a silicon oxide film. For this reason, in
the case where the nitride insulating film 28 is used alone as the dielectric film of the
capacitor without the insulating film 29 and the thickness of the nitride insulating film
28 is small, the capacitance value of the capacitor becomes too large, which makes it
difficult to increase the speed of writing an image signal to a pixel with low power
consumption. In reverse, when the thickness of the nitride insulating film 28 is large,
internal stress is too large and degradation of the characteristics of a semiconductor
element formed using a semiconductor film, such as a change in threshold voltage of a
transistor, might occur.  When the internal stress of the nitride insulating film 28 is too
large, the nitride insulating film 28 is easily peeled off from the substrate 31, which
prevents an improvement in yield. However, when the insulating film 29 is formed
using an insulator such as silicon oxide with a dielectric constant lower than that of the
nitride insulating film 28, and used together with the nitride insulating film 28 as the
dielectric film of the capacitor in the pixel, the dielectric constant of the dielectric film
can be adjusted to a desirable value without increasing the thickness of the nitride
insulating film 28.
[0043]

The insulating film 22, the insulating film 26, the insulating film 27, the nitride

~insulating film 28, and the insulating film 29 include an opening 32. The opening 32

is provided in a region overlapping with the conductive film 21, and the oxide
semiconduétor ﬁlrﬁ 23, the conductive film 24, and the conductive film 25 are not
provided in the region. |

[0044]

Furthermore, the transistor 20 includes a conductive film 30 serving as a gate
electrode over the insulating film 29. Alternatively, the transistor 20 includes the
conductive film 30 over the nitride insulating film 28 when the insulating film 29 is not
provided. The conductive film 30 is provided to overlap with the conductivé film 21
and the oxide semiconductor film 23. Thus, the transistor 20 includes a pair of gate
electrodes electrically connected to each other and overlapping with each other with the

oxide semiconductor film 23 that is a semiconductor film provided therebetween. The
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conductive film 30 is electrically connected to the conductive film 21 in the opening 32.
The conductive film 30 transmits visible light.
[0045]

Note that FIG. 2C illustrates the case where an opening is formed in the
insulating films 26 and 27, the nitride insulating film 28 and the insulating film 29 are
formed, and then the opening 32 is formed in the insulating film 22, the nitride
insulating film 28, and the insulating film 29 to overlap with the opening. However, in
one embodiment of the present invention, the opening 32 may be formed, for example,
by etching the insulating film 22, the insulating film 26, the insulating film 27, the
nitride insulating film 28, and the insulating film 29 with the use of one mask. Note
that in the pixel, a pixel electrode is provided over the insulating film 29 (or over the
nitride insulating film 28 when the insulating film 29 is not provided). In the case
where the pixel electrode is electrically connected to a conductive film provided
between the insulating film 22 and the insulating films 26 and 27 in an opening formed
in the insulating film 26, the insulating film 27, the nitride insulating film 28, and the
insulating film 29, the thicknesses of the insulating films removed by etching in the
opening 32 are different from those in the opening for the pixel electrode. For this
reason, when the opening 32 and the opening for the pixel electrode are formed with the
use of one mask, problems might occur; for example, part of the conductive film
between the insulating film 22 and the insulating films 26 and 27 is excessively etched
in the opening for the pixel electrode or the insulating films are etched insufficiently so
that the conductive film 21 is not exposed in the opening 32. However, in the case
where an opening is formed in the insulating films 26 and 27 and then, the opening 32 is
formed in the insulating film 22, the nitride insulating film 28, and the insulating film
29 to obtain the structure illustrated in the cross-sectional view in FIG. 2C, the
thicknesses of the insulating films removed by etching in the opening are less likely to
be different from those in the opening 32 even when the opening and the opening 32 are
formed with the use of one mask. Consequently, the problems are less likely to occur,
resulting in an improvement in yield.

[0046]
Furthermore, in the transistor 20 illustrated in FIGS. 2A to 2C, the conductive

. film 21 and the conductive film 30 overlap with end portions of the oxide
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semiconductor film 23 that do not overlap with the conductive film 24 and the
conductive film 25, i.e., end portions of the oxide semiconductor film 23 that are in a
region different from a region where the conductive film 24 and the conductive film 25
are located. When the end portions of the oxide semiconductor film 23 are exposed to
plasma by etching for forming the end portions, a chlorine radical, a fluorine radical, or
other radicals generated from an etching gas are easily bonded to a metal element
contained in an oxide semiconductor. For this reason, in the end portions of the oxide
semiconductor film, oxygen bonded to the metal element is easily eliminated, so that an
oxygen vacancy is easily formed; thus, the oxide semiconductor film easily has n-type
coriductivity. However, an electric field applied to the end portions can be controlled
by controlling the potentials of the conductive film 21 and the conductive film
30because the end portions of the oxide semiconductor film 23 that do not overlap with
the conductive film 24 and the conductive film 25 overlap with the conductive film 21
and the conductive film 30 in the transistor 20 illustrated in FIGS. 2A to 2C.

Consequently, current that flows between the conductive film 24 and the conductive

~ film 25 through the end portions of the oxide semiconductor film 23 can be controlled

by the potential applied to the conductive film 21 and the conductive film 30.
[0047] |

Specifically, when a potential at which the transistor 20 is turned off is applied
to the conductive film 21 and the conductive film 30, off-state current that flows
between the conductive film 24 and the conductive film 25 through the end portions can
be low. For this reason, in the transistor 20, even when the distance between the
conductive film 24 and the conductive film 25 in each of the end portions of the oxide
semiconductor film 23 is reduced as a result of reducing the channel length to obtain
high on-state current, the transistor 20 can have low off-state current. Consequently,

with the short channel length, the transistor 20 can have high on-state current when in

~an on state and low off-state current when in an off state. To obtain high on-state

current, the channel length is preferably 0.5 um or greater and 4.5 um or less, further

preferably 1 pm or greater and 4 um or less, still further preferably 1 pm or greater and

3.5 pm or less, still further preferably 1 um or greater and 2.5 um or less. The most

preferable channel length is 2 um.
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[0048]

FIG. 25 illustrates an example of a cross-sectional view of an end portion of the
oxide semiﬁonductor film 23 in the transistor 20. Note that FIG. 25 illustrates the case
where the end portion of the oxide semiconductor film 23 overlaps with the conductive
film 21 in a channel width direction which corresponds to the direction along the dashed
line A3-A4 in FIG. 2A. In FIG. 25, the insulating film 26, the insulating film 27, the
nitride insulating film 28, and the insulating film 29 are collectively illustrated as an
insulating film.

[0049]
In FIG. 25, Tov denotes the distance between the end portion of the oxide

semiconductor film 23 and an end portion of the conductive film 30, and Tge denotes

" the distance between the conductive film 21 and the conductive film 30. In one

embodiment of the present invention, Tov is preferably more than or equal to 1.0 times

as large as Tge, in which case current that flows between the conductive film 24 and the

conductive film 25 through the end portions of the oxide semiconductor film 23 can be
controlled. In addition, Tov is preferably less than or equal to 7.5 times as large as Tge,

in which case the current can be controlled in the above manner and the transistor 20

" can be further reduced in size.

[0050]

Specifically, when a potential at which the transistor 20 is turned on is applied

" to the conductive film 21 and the conductive film 30, current that flows between the

conductive film 24 and the conductive film 25 through the end portions can be high.

The current contributes to an increase in the field-effect mobility and an increase in

on-state current of the transistor 20. When the end portions of the oxide

semiconductor film 23 overlap with the conductive film 21 and the conductive film 30,
carriers flow not only at the interfaces between the oxide semiconductor film 23 and the
insulating films 22 and 26 but also in a wide region in the oxide semiconductor film 23,

which results in an increase in the amount of carriers that move in the transistor 20,

- As a result, the on-state current of the transistor 20 is increased, and the field-effect

mobility is increased to greater than or equal to 10 cm?/V-s or to greater than or equal to

20 cm®Vs, for example. Note that here, the field-effect mobility is not an
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approximate value of the mobility as the physical property of the oxide semiconductor
film but the field-effect mobility in a saturation region of a transistor.
[0051]

The transistor 20 in FIGS. 2A to 2C has a structure in which an insulating film
(protective insulating film) that protects a surface of the oxide semiconductor film 23
from etching at the time of forming the conductive film 24 and the conductive film 25 is
not provided (i.e., a channel-etched structure), which is different from a structure in
which the protective insulating film is provided (i.e., a channel protective structure).
{0052]

In the case of a channel-protective transistor, to protect the surface of the oxide
semiconductor film 23, end portions of the conductive film 24 and the conductive film
25 need to be located over the protective insulating film. For this reason, in alignment
of a mask used in the etching for forming the conductive films 24 and 25, the
channel-protective transistor requires .much higher accuracy than a channel-etched
transistor does. Therefore, in the case of the channel-protective transistor, to locate the
end portions of the conductive film 24 and the conductive film 25 more surely over the
protective insulating film, the distance between the end portions of the conductive film
24 and the conductive film 25 in a channel length direction is preferably shortened,
which enébles a decrease in yield to be suppressed. However, when the distance
between the end portions of the conductive film 24 and the conductive film 25 is
shortened, a region where the conductive films 24 and 25 overlap with the oxide
semiconductor film 2‘3 is increased; thus, an electric field to be applied from the
conductive film 30 serving as a gate to the oxide semiconductor film 23 is likely to be
blocked by the conductive film 24 and the conductive film 25. Note that the channel
length direction corresponds to a direction in which carriers move between the
conductive film 24 and the conductive film 25 at the shortest distance.

[0053]

On the other hand, in the case of the transistor 20 with the channel-etched -
structure, high accuracy is not needed for alignment of a mask used in the etching for
forming the conductive film 24 and the conductive film 25 unlike in the case of the
channel-protective transistor. For this reason, in the channel-etched transistor 20, a

decrease in yield can be suppressed even when the distance between the end portions of
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the conductive film 24 and the conductive film 25 is longer than that in the case of the
channel-protective transistor. Therefore, a region where the conductive films 24 and
25 overlap with the oxide semiconductor film 23 can be made small, so that an electric
field to be applied from the conductive film 30 to the oxide semiconductor film 23 is
less likely to be blocked by the conductive film 24 and the conductive film 25.
Consequently, high on-state current of the channel-etched transistor 20 can be obtained
easily compared with that of the channel-protective transistor, and even when the
channel length is shortened, off-state current that flows through the end portions of the
oxide semiconductor film 23 in the channel-etched transistor cah be lower than in the
channel-protective transistor.

[0054]

In addition, the protective insulat‘ing ﬁlm is exposed to plasma in the etching
for forming the conductive film 24 and the conductive film 25, so that oxygen is easily
eliminated and an oxygen vacancy is easily formed. Thus, it can be said that the
protective inSulating film has poor ability to supply an adequate amount of oxygen to
the oxide semiconductor film 23 in contact with the protective insulating film to reduce
oxygen vacancies in the oxide semiconductor film 23. In contrast, in the
channel-etched transistor 20, part of the oxide semiconductor film 23 that does not
overlap with the conductive film 24 and the conductive film 25 is exposed to plasma in
the etching for forming the conductive film 24 and the conductive film 25. However,
the insulating films 26 and 27 having ability to supply an adequate amount of oxygen to
the oxide semiconductor film 23 are formed after the conductive film 24 and the
conductive film 25 are formed, whereby oxygen vacancies in the oxide semiconductor
film 23 can be reduced. As a result, the channel-etched transistor 20 can have
reliability higher than that of the channel-protective transistor.

[0055]

Particularly in the case where a c-axis aligned crystalline oxide semiconductor
(CAAC-0S) film is used as the oxide semiconductor film 23 in the channel-etched
transistor 20, part of the oxide semiconductor film 23 that does not overlap with the
conductive film 24 or the conductive film 25 is less likely to be removed by the etching
for forming the conductive film 24 and the conductive film 25 than in the case where

the oxide semiconductor film 23 is an amorphous oxide semiconductor film or a
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microcrystalline oxide semiconductor film. Therefore, the transistor 20 in which the
CAAC-OS film is used as the oxide semiconductor film 23 can have higher reliability.
The CAAC-OS film, the amorphous oxide semiconductor film, and the microcrystalline
oxide semiconductor film are described later in detail.
[0056)

Note that a transistor including an oxide semiconductor film is an
accumulation-type transistor. Here, carrier flow in the transistor including an oxide

semiconductor film in an off state and in an on state is described with reference to

~ schematic diagrams illustrated in FIGS. 36A to 36C. FIGS. 36A and 36B are

cross-sectional views in the channel length direction and FIG. 36C is a cross-sectional

view in the channel width direction.

[0057)

The transistor including 'an oxide semiconductor film illustrated in FIGS. 36A
to 36C includes a gate electrode GE-1, a gate insulating film GI_1 over the gate
electrode GE_1, an oxide semiconductor film OS ovér the gate insulating film GI_1,
electrodes S and D over the oxide semiconductor film OS, a gaté insulating film GI_2
over the oxide semiconductor film OS and the electrodes S and D, and a gate electrode
GE_2 over the gate insulating film GI_2. The oxide semiconductor film OS includes a
channel region i, and low-resistance regions n+ in contact witﬁ the electrodes S and D.
The gate electrode GE_1 and the gate electrode GE 2 are connected to each other as
illustrated in FIG. 36C. |
[0058]

In the case where the transistor is in an off state, electrons are forced away
from the channel region i of the oxide semiconductor film OS when negative voltage is
applied to the gate electrodes GE_1 and GE_2, so that the channel region i is
completely depleted as illustrated in FIG. 36A. Asa result, the off-state current of the
transistor becomes extremely low.

[0059]

In contrast, in the case of an on state, electrons are accumulated from the
low-resistance region n” in contact with the electrode S to the low-resistance region n*

in contact with the electrode D, and a current path is formed as indicated by arrows in
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FI1G. 36B. As illustrated in FIG. 36C, the gate electrodes GE_1 and GE_2 are set to
the same potential, side surfaces of the oxide semiconductor film OS face the gate
electrode GE_2, and the gate electrodes GE_1 and GE_2 surround the oxide
semiconductor film OS in the channel width direction with the gate insulating film GI_1
provided between the oxide semiconductor film OS and the gate electrode GE_1 and the
gate insulating film GI_2 provided between the oxide semiconductor film OS and the
gate electrode GE_2. In that case, carriers flow not only at the interfaces between the
oxide semiconductor film OS and the gate insulating films GI_1 and GI_2 but also in a
wide region in the oxide semiconductor film OS as illustrated in FIG. 36B, which
results in an increase in the amount of carriers that move in the transistor. As a result,
the on-state current of the transistor is increased, and the field-effect mobility is
increased to greater than or equal to 10 cm?/V-s or to greater than or equal to 20 cm?/V's,
for example. Note that here, the field-effect mobility is not an approximate value of
the mobility as the physical property of the oxide semiconductor film but the field-effect
mobility in a saturation region of the transistor. Note that an increase in field-effect
mobility becomes significant when the channel length L of the transistor is greater than
or equal to 0.5 um and less than or equal to 6.5 um, preferably greater than | wm and
less than 6 pum, further preferably greater than 1 pm and less than or equal to 4 um, stili
further preferably greater than 1 um and less than or equal to 3.5 pm, yet still further
preferably greater than | pum and less than or equal to 2.5 um. Further, with a small
channel length greater than or equal to 0.5 um and less than or equal to 6.5 um, the
channel width can also be small, in which case the area of the transistor can be reduced
even when a region which is a connection portion of the gate electrode GE_1 and the
gate electrode GE_2 is provided as illustrated in FIG. 36C.

[0060]

Next, FIGS. 19A to 19C illustrate a specific structure example of the transistor
20 including the pair of gate electrodes electrically connected to each other. FIG. 19A
is a top view of the transistor 20. Note that insulating films other than the insulating
films 26 and 27, such as a gate insulating film, are not illustrated in FIG. 19A in order to
clarify the layout of the transistor 20. FIG. 19B is a cross-sectional view along the

dashed line A1-A2 in the top view in FIG. 19A. FIG. 19C is a cross-sectional view
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along the dashed line A3-A4 in the top view in FIG. 19A.
[0061]

The transistor 20 in FIGS. 19A to 19C differs from the transistor 20 in FIGS.
2A to 2C in that the insulating film 26 and the insulating film 27 are partly removed on
the periphery of the transistor 20. Specifically, in FIGS. 19A to 19C, the insulating
film 26 and the insulating film 27 are partly removed to cover at least end portions of
the oxide semiconductor film 23 that do not overlap with the conductive film 24 or the
conductive film 25. In the transistor 20 in FIGS. 19A to 19C with this structure, the
conductive film 30 serving as the gate can be close to the end portions of the oxide
semiconductor film 23 in the vicinity of end portions of the insulating film 26 and the
insulating film 27. The end portions of the oxide semiconductor film 23 easily have
n-type conductivity as described above. However, current that flows between the
conductive film 24 and the conductive film 25 through the end portions of the oxide
semiconductor film 23 can be controlled by the potential applied to the conductive film
30. This is because the strength of the electric field applied from the conductive film
30 to the end portions of the oxide semiconductor film 23 can be increased by making
the conductive film 30 close to the end portions of the oxide semiconductor film 23.
As a result, the transistor 20 can have low off-state current and high on-state current
even when the channel length of the transistor 20 is shortened.

[0062]

Note that in each of the transistors 20 illustrated in FIGS. 2A to 2C and FIGS.
19A to 19C, end portions of the conductive film 30 are provided to overlap with the
oxide semiconductor film 23 in the channel length direction; however, end portions of
the oxide semiconductor film 23 may be provided to overlap with the conductive film
30 in the channel length direction.

[0063]
Next, FIGS. 20A to 20C illustrate a specific structure example of the transistor

20 including the pair of gate electrodes electrically connected to each other. FIG. 20A

* is a top view of the transistor 20. Note that insulating films such as a gate insulating

film are not illustrated in FIG. 20A in order to clarify the layout of the transistor 20.
FIG. 20B is a cross-sectional view along the dashed line A1-A2 in the top view in FIG.
20A. FIG. 20C is a cross-sectional view along the dashed line A3-A4 in the top view
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in FIG. 20A.
[0064]

The transistor 20 in FIGS. 20A to 20C differs from the transistor 20 in FIGS.
2A to 2C in that the conductive film 30 does not overlap with the conductive film 24 or
the conductive film 25 in a region where the oxide semiconductor film 23 is provided.

In other words, the transistor 20 in FIGS. 20A to 20C differs from the transistor 20 in

‘FIGS. 2A to 2C in that the conductive film 30 and the conductive films 24 and 25 are

provided in different regions in a region where the oxide semiconductor film 23 is
provided. |
[0065]

Next, FIGS. 21A to 21C illustrate a specific structure example of the transistor
20 including the pair of gate electrodes electrically connected to each other. FIG. 21A
is a top view of the transistor 20. Note that insulating films such as a gate insulating
film are not illustrated in FIG. 21A in order to clarify the layout of the transistor 20.
FIG. 21B is a cross-sectional view along the dashed line A1-A2 in the top view in FIG.
21A. FIG. 21C is a cross-sectional view along the dashed line A3-A4 in the top view
fn FIG. 21A.

[0066]

The transistor 20 in FIGS. 21A to 21C differs from the transistor 20 in FIGS.
2A to 2C in that the conductive film 30 overlaps with the conductive film 24 and does
not overlap with the conductive film 25 in a region where the oxide semiconductor film
23 is provided. In other words, the transistor 20 in FIGS. 21A to 21C differs from the
transistor 20 in FIGS. 2A to 2C in that in a region where the oxide semiconductor film
23 is provided, the conductive film 30 is partly provided in a region where the
conductive film 24 is provided and not provided in a region where the conductive film
25 is provided.

[0067]

Next, FIGS. 24A to 24C illustrate a specific structure example of the transistor
20 including the pair of gate electrodes electrically connected to each other. FIG. 24A
is a top view of the transistor 20. Note that insulating films such as a gate insulating
film are not illustrated in FIG. 24A in order to clarify the layout of the transistor 20.

FIG. 24B is a cross-sectional view along the dashed line A1-A2 in the top view in FIG.
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24A. FIG. 24C is a cross-sectional view along the dashed line A3-A4 in the top view
in FIG. 24A.

[0068]

The transistor 20 in FIGS. 24A to 24C differs from the transistor 20 in FIGS.
2A to 2C in that the conductive film 21 and the conductive film 30 are electrically
connected to each other with a conductive film 34 provided therebetween. Specifically,
the conductive film 34 is fofmed over the insulating film 22 and in contact with the
conductive film 21 in an opening 32a formed in the insulating film 22. The conductive
film 30 is in contact with the conductive film 34 in an opening 32b formed in the
insulating film 26, the insulating film 27, the nitride insulating film 28, and the
insulating film 29.

[0069]

In the transistor 20 illustrated in any of FIGS. 20A to 20C, FIGS. 21A to 21C,
and FIGS. 24A to 24C, the insulating film 26 and the insulating film 27 may be partly
removed, as in the transistor illustrated in FIGS. 19A to 19C.

[0070]

In the transistor 20 illustrated in any of FIGS. 2A to 2C, FIGS. 19A to 19C,
FIGS. 20A to 20C, and FIGS. 21A to 21C, the oxide semiconductor film 23 is not
limited to a single oxide semiconductor film and may have a stacked structure including
a plurality of oxide semiconductor films. FIG. 23A illustrates an example of the oxide
semiconductor film 23 formed using a stack of three oxide semiconductor films.
Specifically, in the transistor 20 in FIG. 23A, as the oxide semiconductor film 23, oxide
semiconductor films 23a to 23c are stacked in this order from the insulating film 22

side.

[0071]

Each of the oxide semiconductor films 23a and 23c is an oxide film that
contains at least one of metal elements contained in the oxide semiconductor film 23b
and whose conduction band minimum is closer to the vacuum level than that in the
oxide semiconductor film 23b by higher than or equal to 0.05 eV, 0.07 ¢V, 0.1 eV, or
0.15 eV and lower than or equal to 2 eV, 1 eV, 0.5 eV, or 0.4 eV. Furthermore, the
oxide semiconductor film 23b preferably contains at least indium, in which case the

carrier mobility of the oxide semiconductor film 23b is increased.
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[0072]

Note that as illustrated in FIG. 23B, the oxide semiconductor film 23¢c may be
provided over the conductive films 24 and 25 to overlap with the insulating film 22.
[0073] |

Next, FIG. 22A illustrates a circuit symbol of the transistor which includes the
pair of gate electrodes overlapping with each other with the semico‘nductor film
provided therebetween. In the circuit symbol in FIG. 22A, the pair of gate electrodes,
the source electrode, and the drain electrode are represented by FG and BG, S, and D,
respectively. In the circuit symbol in FIG. 22A, a positional relationship between the
conductive film 30 serving as the gate electrode and the conductive films 24 and 25
serving as the source and drain electrodes is not limited. '

[0074]

FIG. 22B1 illustrates a circuit symbol of the transistor 20 in which the
conductive films 24 and 25 serving as the source and drain electrodes partly overlap
with the conductive film 30 ser?ing as the gate electrode over the oxide semiconductor
film 23. In the circuit symbol in FIG. 22B1, similarly in the circuit symbol in FIG.
22A, the pair of gate electrodes, the source electrode, and the drain electrode are
represented by FG and BG, S, and D, respectively.

[0075]

FIG. 22B2 illustrates an example of a cross-sectional view of the transistor 20
corresponding to the circuit symbol in FIG. 22B1. In the channel length direction of
the transistor 20 illustrated in FIG. 22B2, a distance Wsd between the conductive films
24 and 25 is shorter than a distance Whg between end portions of the conductive film 30.
Further, in the cross-sectional view in the channel length direction, the end portions of
the conductive film 30 overlap with the conductive films 24 and 25.

[0076]

FIG. 22C1 illustrates a circuit symbol of the transistor 20 in which the
conductive films 24 and 25 serving as the source and drain electrodes do not overlap
with the conductive film 30 serving -as the gate electrode over the oxide semiconductor
film 23. In the circuit symbol in FIG. 22C1, similarly in the circuit symbol in FIG.
22A, the pair of gate electrodes, the source electrode, and the drain electrode are

represented by FG and BG, S, and D, respectively.
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[0077]

FIG. 22C2 illustrates an example of a cross-sectional view of the transistor 20
corresponding to the circuit symbol in FIG. 22C1. In the channel length direction of
the transistor 20 illustrated in FIG. 22C2, the distance Wsd between the conductive
films 24 and 25 is longer than the distance Whg between end portions of the conductive
film 30. Further, in the cross-sectional view in the channel length direction, the end
portions of the conductive film 30 do not overlap with the conductive films 24 and 25.
[0078] |

In the drawings attached to this specification, the circuit symbol in FIG. 22A
can represent the transistor 20 having a structure represented by the circuit symbol in
FIG. 22B1 and the transistor 20 having a structure represented by the circuit symbol in
FIG. 22C1.

[0079]
<Measurement of electrical characteristics of transistor>

Next, description is give.n of results from measurement of the electrical
characteristics of a transistor irradiated with light. The transistor includes a channel
formation region in an oxide semiconductor film.

[0080]

First, described is a structure of a transistor used in the measurement. A first

transistor including a gate electrode and a second transistor including a pair of gate

electrodes overlapping with each other with a semiconductor film provided
therebetween were used in the measurement.
[0081]

The first transistor includes, on an insulating surface, a gate electrode and a
gate insulating film over the gate electrode. A 200-nm-thick tungsten film was used as
the gate electrode. A 400-nm-thick silicon nitride film and a 50-nm-thick silicon
oxynitride film were stacked as the gate insulating film in this order over the gate
electrode. The first transistor further includes a 35-nm-thick In-Ga-Zn—bésed oxide
semiconductor film which overlaps with the gate electrode with the gate insulating film
provided therebetween.  The first transistor further includes, over the oxide
semiconductor film, a source electrode and a drain electrode formed by stacking a

50-nm-thick tungsten film, a 400-nm-thick aluminum film, and a 200-nm-thick titanium
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film in this order. In addition, over the oxide semiconductor film, the source electrode,

and the drain electrode, a 50-nm-thick silicon oxynitride film, a 400-nm-thick silicon

- oxynitride film, and a 100-nm-thick silicon nitride film were stacked in this order.

[0082]

The second transistor differs from the first transistor in that a gate electrode is
further included over the silicon nitride film. A 100-nm-thick indium tin oxide film to
which silicon oxide was added was used as the gate electrode. In the second transistor,
the gate electrode using the tungsten film was electrically connected to the gate
electrode using the indium tin oxide film to which silicon oxide was added.

[0083]

Note that in each of the first transistor and the second transistor, thé
In-Ga-Zn-based oxide semiconductor film was formed by a sputtering method using a
target with a composition of In: Ga: Zn = 1:1:1 (atomic ratio). In each of the first
transistor and the second transistor, the 50-nm-thick silicon oxynitride film was formed
by a plasma CVD method in the following conditions: silane with a flow rate of 20
sccm and dinitrogen monoxide with a flow rate of 3000 sccm were used as the source
gases, the pressure in a treatment chamber was 200 Pa, the substrate temperature was
350 °C, and a high-frequency power of 150 W (with a high power density of 2.5 x 107
W/cm?) was supplied to parallel plaie electrodes with a high-frequency power supply of
27.12 MHz. In each of the first transistor and the second transistor, the 400-nm-thick
silicon oxynitride film was formed by a plasma CVD method in the following
conditions: silane with a flow rate of 160 sccm and dinitrogen monoxide with a flow
rate of 4000 sccm were used as the source gases, the pressure in a treatment chamber
was 200 Pa, the substrate temperature was 220 °C, and a high-frequency power of 1500
W (with a high power density of 2.5 x 1072 W/cmz) was supplied to parallel plate
electrodes with a high-frequency power supply of 27.12 MHz.  Furthermore, in each of
the first transistor and the second transistor, the 100-nm-thick silicon nitride film was
formed by a plasma CVD method in the following conditions: 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 were used as the source gases, the pressure in a treatment chamber was 100 Pa, the

substrate temperature was 350 °C, and a high-frequency power of 1000 W (with a high
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power density of 1.6 x 107 W/cmz) was supplied to parallel plate electrodes with a
high-frequency power supply of 27.12 MHz.
[0084]

The first transistor and the second transistor each had a channel length L of 6
pm and a channel width W of 50 pum.
[0085]

The electrical characteristics of the first transistor and. the second transistor
were each measured in the following manner: a drain current was measured before a
stress application step (Measurement 1) and then the drain current was measured after
the stress application step (Measurement 2). In the stress application step, the
substrate temperature was kept at 60 °C and a gate voltége Ve was kept at —=30 V for one
hour in a dark room without light irradiation. Specifically, in Measurements 1 and 2,
the drain current was measured at a substrate temperature of 60 °C in a dark room
without light irradiation. For the measurements, the gate voltage ¥, was changed by
0.25 V in the range of =15 V to 30 V, and a voltage V, between the source and drain
electrodes was 0.1 Vor 10 V.

[0086] _

FIG. 17A shows the relationship between the gate voltage ¥, and a drain
current [, of the first transistor, which were obtained by the measurement. FIG. 17A
further shows field-effect mobility sz obtained by calculation at a voltage ¥, of 10 V.
FIG. 17B shows the relationship between the gate voltage ¥, and a drain current I, of
the secbond transistor, which were obtained by the measurement. FIG. 17B further
shows field-effect mobility sz obtained by calculation at a voltage Vy of 10 V. FIGS.
17A and 17B show that the second transistor has the drain current I, and the field-effect
mobility ur¢ larger than those of the first transistor.

[0087] _ |
Table | shows the threshold volitage (V) and a shift value (Shift) of each of the
first transistor (Single Gate) and the second transistor (Dual Gate), which were obtained
in the measurements. Note that the shift value is defined as the value of gate voltage at
the time when drain current rises. Specifically, in a plot showing the relationship

between gate voltage in a linear scale and drain current in a logarithmic scale, the shift
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value can be defined as the voltage at the intersection of a tangent where slope change
in drain current is the steepest and a graduation line corresponding to a drain current of

1.E-12 [A]. The shift value is a value at the time when the voltage V is 10 V.

[0088]
[Table 1]
Single Gate Dual Gate
Vin * Shift Vin Shift
Initial value 4.29 0.47 4.03 1.31
Variation value ,
(A value) -4.48 ~6.80 0.27 0:25
[0089]

As shown in Table 1, through the stress application step, the threshold voltage
was shifted by —4.48 V and the shift value was shifted by —6.80 V in the first transistor,
and the threshold voltage was shifted by 0.27 V and the shift value was shifted by 0.25
V in the second transistor. Thus, it is found that shifts in the threshold voltage and the
shift value of the second transistor in a negative direction can be smaller than those of

the first transistor.

[0090]

Consequently, the measurements suggest that with a pair of gate electrodes
overlapping with each other with a semiconductor film provided therebetween, a shift in
the threshold voltage of a transistor in a negative direction can be suppressed. In
addition, it is found that application of the same potential to the pair of gate electrodes
enables an increase in drain current.

[0091]
<Comparison between channel-etched transistor and channel-protective transistor
operated by dual-gaté driving>

Here, the field-effect mobility urr and the on-state current I,, of the
channel-etched transistor are compared with those of the channel-protective transistor.
Note that the transistors are operated by dual-gate driving (also called. dual-gate
transistors). In each of the transistors, gate electrodes facing each other with an oxide

semiconductor film provided therebetween are connected to each other and have the
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same potential.
[0092]

Electrical characteristics of the channel-etched transistor and the
channel-protective transistor were calculated. FIG. 29A illustrates a structure of the
channel-protective transistor used for the calculation. Note that a device simulation
software “Atlas” manufactured by Silvaco Data Systems Inc. was used for the
calculation.

[0093]

In the channel-protective transistor, a gate insulating film Gl _1 is formed over
a gate electrode GE_l, an oxide semiconductor film OS is formed over the gate
insulating film GI_1, and a source electrode S and a drain electrode D are formed over
the gate insulating film GI_I and the oxide semiconductor film OS. Note that a
channel protective film CS is formed between the oxide semiconductor film OS and end
portions of the source electrode S and the drain electrode D. In addition, a gate
insulating film GI_2 is formed over the oxide semiconductor film OS, the source
electrode S, the drain electrode D, and the channel protective film CS; and a gate
electrode GE_2 is formed over the gate insulating film GI_2. The gate electrode GE_1
is connected to the gate electrode GE_2 in an opening (not illustrated) formed in the
gate insulating film GI_1 and the gate insulating film GI_2.

[0094]
' In the channel-etched transistor, a channel protective film CS is not provided,
and end portions of a source electrode S and a drain electrode D are in contact with an

oxide semiconductor film OS.

[0095]
Calculation conditions are shown in Table 2.
[0096]
" [Table 2}
| Channel length (L) ’ 10 um
Channel width (W) 100 pm

Thickness of GI_1 (T1) 450 nm
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Thickness of GI_2 (T2) 450 nm
Thickness of channel protective film CS (T3) 100 nm
Dielectric constants of GI_1, GI_2, and CS (Er) 39
Thickness of OS , 35 nm
Mobility of OS 10 cm?/V-sec
Dielectric constant of OS (Er) 15
Donor density of OS under SD I x 10"%/cm?
Donor density of OS in channel region 6.6 x 10°/cm’

[0097]

As a comparison example of the dual-gate transistor which is illustrated in FIG.
29A, a transistor operated by a single-gate driving (also called a single-gate transistor)
that does not include a gate electrode GE_2 was used and subjected to calculation in the
manner similar to that of the dual-gate transistor.

[0098]

In the channel-protective transistor, Sov denotes the length of a region where
the source electrode S or the drain electrode D overlaps with the oxide semiconductor
film OS with the channel protective film CS provided therebetween. A region which is
in the source electrode S or the drain electrode D and overlaps with the oxide
semiéonductor film OS with the channel protective film CS provided therebetween is
referred to as an Sov region. FIG. 29B shows the calculation result of the relationship
between Sov and field-effect mobility. FIG. 29C shows the calculation result of the
relationship between Sov and on-state current.

[0099]

Furthermore, the field-effect mobility and the on-state current of the
channel-etched transistor were calculated on the assumption that Sov was 0 um. The
calculation result of the field-effect mobility and that of the on-state current are shown
in FIGS. 29B and 29C, respectively. |
[0100]

Note that FIG. 29B shows the result at a drain voltage ¥, of 1 V. FIG. 29C

shows the result at a drain voltage ¥, 0f 1 V and a gate voltage V, of 10 V.
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[0101]
As shown in FIG. 29B, the field-effect mobility of the channel-etched transistor

(Sov = 0 um) operated by the dual-gate driving is approximately twice that of the

‘channel-etched transistor operated by the single-gate driving. In contrast, the

field-effect mobility of the channel-protective transistor operated by the dual-gate
driving is decreased as the Sov becomes larger.
[0102]

As shown in FIG. 29C, the on-state current of the channel-etched transistor
(Sov = 0 pum) operated by the dual-gate driving is approximately twice that of the
transistor operated by the single-gate driving. In contrast, the on-state current of the
channel-protective transistor operated by the dhal-gate driving. is decreased as the Sov
becomes larger.
[0103] ’

In the channel-protective transistor, the Sov regions of the source electrode S
and the drain electrode D block an electric field of the gate electrode GE 2.
Accordingly, a region whose carrier density cannot be controlled by the voltage of the
gate electrode GE 2 is increased in the oxide semiconductor film OS. It is probable
that the field-effect mobility and the on-state current are thus decreased as the Sov
becomes larger. In view of the above, the channel-etched dual-gate transistor is much
more effective in increasing the field-effect mobility and the on-state current than the
channel-protective dual-gate transistor is.
[0104]
<Improvement in current drive capability due to dual-gate driving>

Description is given of an improvement in the current drive capability of a
dual-gate transistor due to a small channel length L. In the transistor, gate electrodes
facing each other with an oxide semiconductor film provided therebetween are
connected to each other and have the same potential.
[0105]
<<Saturation mobility of ideal model>>

First, calculation was performed on an ideal model regardless of effects of an

interface state, interface scattering, and the like. FIG. 30 illustrates a model of a
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transistor used for the calculation. Note that a device simulation software “Atlas”
manufactured by Silvaco Data Systems Inc. was used for the calculation.
[0106]

In the transistor illustrated in FIG. 30, a gate insulating'ﬁlm Gl_1 is formed
over a gate electrode GE_1; an oxide semiconductor film OS is formed over the gate
insulating film GI_1; a source electrode S and a drain electrode D are formed over the

gate insulating film Gl_1 and the oxide semiconductor film OS; a gate insulating film

.Gl _2 is formed over the oxide semiconductor film OS, the source electrode S, and the

drain electrode D; and a gate electrode GE_2 is formed over the gate insulating film
GI_2. The gate electrode GE_1 is connected to the gate electrode GE_2 in an opening

(not illustrated) formed in the gate insulating film GI_I and the gate insulating film

Gl 2.
[0107]
Calculation conditions are shown in Table 3.
[0108]
[Table 3]
Channel length 2 pm, 3 pm, 6 um, or 10 um
Channel width 50 um
Thickness of G1_1 (T1) 450 nm
Thickness of GI_2 (T2) 450 nm
Dielectric constants of GI_1 and GI_2 (Er) 3.9
Thickness of OS 35 nm
Mobility of OS 10 cm*/V-sec
Dielectric constant of OS (Er) 15
Donor density of OS under SD 1 x 10%/cm’
Donor density of OS in channel region 6.6 x 10°/cm’
Drain voltage IVorlov
[0109]

The gate electrode GE_1 and the gate electrode GE_2 are connected to each
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other and therefore have potentials equal to each other at all times. Furthermore, an
effect in a channel width direction is not considered because a two-dimensional
simulation was performed on the model. Saturation mobility rr was obtained by
substituting a value of Vy—Iy characterisﬁcs at a drain voltage Vy of 10 V into Formula 1.
Note that here, field-effect mobility in a saturation region is described as the saturation
mobility. The maximum value of the saturation mobility obtained by calculation is an
index of current drive capability in the saturation region (gate voltage V; < drain voltage
V4 + threshold voltage V), and is not an approximate value of the mobility as the
physical property of the oxide semiconductor film.
[0110]
[Formula 1}

(aJI,Y 2

.. =
Hrg v, | C W ()

Bottom

[0111]

In Formula 1, W represents the channel width of a transistor and Cpguyom
represents capacitance per unit area between the gate electrode GE 1 and the oxide
semiconductor film OS. In the case of the dual-gate transistor, capacitance is also
formed between the gate electrode GE 2 and the oxide semiconductor film OS;
however, since the saturation mobility is used as an index for comparison of current
drive capabilities, the capacitance on the gate electrode GE_2 side in the dual-gate
transistor is not considered, and Formula 1 is used for both the dual-gate transistor and
the single-gate transistor.

[0112]

FIG. 31A shows calculation result of the dual-gate transistor, and FIG. 31B
shows calculation result of the single-gate transistor that does not include a gate
electrode GE_2.

[0113]

FIGS. 31A and 31B show that the saturation mobility has a sharp peak in both

of the dual-gate transistor and the single-gate transistor. The peak value of the

saturation mobility is increased as the channel length L becomes smaller.



20

25

30

WO 2014/196550 PCT/JP2014/064799

35

[0114]

Description is given below of whether an increase in the saturation mobility
with decreasing the channel length L corresponds to the improvement in the current
drive capability of the transistor.

[0115] ‘

FIG. 32 shows on-state current versus channel length plots at gate voltages V,
of (Vi + 5) V and (V,, + 10) V, which are obtained from the calculation result of the
ideal model. In FIG. 32, the top plots each show on-state current and the bottom plots
each show a value obtained by multiplying the on-state current by the channel length.
Note that in FI1G. 32, the left plots show the calculation results at a drain voltage ¥, of 1
V and the right plots show the calculation results at a drain voltage V, of 10 V.

[0116]

In FIG. 32, the on-state current is inversely proportional to the channel length L.
This is because the on-state current is inversely proportional to the channel length L.
[0117] |

When the on-state current is completely inversely proportional to the channel
length, a value obtained by multiplying the on-state current by the channel length is
constant regardless of the channel length. In FIG. 32, a value obtained by multiplying
the on-state current by the channel length at a drain voltage V; of 1 V is substantially
éonstant to the channel length L. In contrast, a value obtained by multiplying the
on-state current by the channel length at a drain voltage V', of 10 V is increased as the
channel length L becomes smaller. This suggests that in the case of a drain voltage V,
of 10 V, an effective channel length which is described later is smaller than the channel
length (a distance between the source electrode S and the drain electrode D) determined
in FIG. 30.

[0118]
<<Theory of bulk current>>

The reason why a peak of the saturation mobility is caused at low gate voltage

in the transistor in the ideal condition is described below.
[0119]
[t is assumed that in the transistor illustrated in FIG. 30, the density of electrons

in the oxide semiconductor film OS is constant in the thickness direction of the oxide
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semiconductor film OS and represented by a value ny(y); y represents a given position in
the oxide semiconductor film OS in the channel length direction. Potential ¢ in the
thickness direction of the oxide semiconductor film OS is represented by Formula 2,
which is constant. Note that it is assumed that a gate voltage V, 1 of the gate
electrode GE_1 and a gate voltage V;_2 of the gate electrode GE_2 are equal to each
other, and a flat band voltage on the gate electrode GE_I side and a flat band voltage on
the gate electrode GE 2 side are collectively referred to as a flat band voltage V.
[0120]

[Formula 2]

&=V =Vg=Vi =V () @)

[0121]

In this case, in an accumulation-type transistor including an oxide

'semiconductor film, a drain current I, can be approximated by only a bulk current I,

as shown in Formula 3.

[0122]
[Formula 3}
Wt
Iy =1y = —— kT (0) ~no(Lyy)) (3)
Ly '
[0123]

Note that in Formula 3, ¢ represents the thickness of the oxide semiconductor

film, u represents the electron mobility of the oxide semiconductor film, k3 represents

the Boltzmann's constant, T represents the absolute temperature, and L.y represents an
effective channel length. The effective channel length refers to the distance between
an n region which extends under the source electrode and an n region which extends
under the drain electrode in the oxide semiconductor film. The effective channel
length becomes smaller than the channel length particularly in the case where the
channel length is small or the drain voltage is high.
[0124]

Note that ny(0) represents the electron density of a source-electrode-side end
portion of a region determined by the effective channel length, which can be represented

by Formula 4. Further, ng(L.y) represents the electron density of a drain-electrode-side
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end portion of the region determined by the effective channel length, which can be
represented by Formula 5. In Formulae 4 and 5, Np represents the donor density of the
channel region in the oxide semiconductor film and g represents elementary charge.

[0125]

[Formula 4]

[0126]

[Formula 5]

’70 (Leff) = NDe(/(¢—VL/)/kB7~ _ NDeq(Vg—VILB_Vd‘)/kBT (5)

[0127] .
When a saturation region satisfies Vy > Vy — Vi and Vg > Vi, the drain voltage
Vqcan be expressed by V, — Viy; hence, Formula 3 is modified as Formula 6.
[0128]
[Formula 6]
Wt
eff
[0129]
sat

Saturation -mobility " to the drain current /; obtained by Formula 6 is

_ —GVip 1 kgT QY TkgT gV, 1 kT
1, = Lk TN e 1780 (e -e? it (6)

represented by Formula 7.
[0130]
[Formula 7]

2
sat _ d 1, 2L _ Ll‘luquDe—qV’;B/kﬁT qug/kBT
Hrg = dv, | CoW 2L, CokpT 1— o9 Ve=Vm) ksT (7

[0131]

In Formula 7, a denominator is 0 when ¥ is Vy, in which case the saturation
mobility ur£'" diverges to infinity. This is the cause of the peak of the saturation
mobility at low gate voltage Vg, which is shown in FIGS. 31A and 31B. That is, the
more the drain current is affected by the bulk current which flows inside the oxide

semiconductor film OS, the clearer the peak is as shown in the saturation mobility
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observed in the case of a channel length of 2 um in FIGS. 31A and 31B.
[0132]

In addition, the saturation mobility is probably increased when the effective
channel length L.y is smaller than the channel length L. In the oxide semiconductor
film OS, when the n regions are formed in the vicinities of regions of the oxide
semiconductor film OS each of which is in contact with the source electrode S or the
drain electrode D, the effective channel length Ly becomes smaller than the channel
length L, for example. This effect is apparent from the saturation mobility "
shown in Formula 7 that is proportional to L/L.;.

[0133]
<<Current density in oxide'semiconductor film OS>>

The effect of the bulk current on saturation mobility is a phenomenon peculiar
to a transistor including an oxide semiconductor film, which is an accumulation-type
device. The effect of the bulk current is small in a transistor including a silicon film as
a semiconductor film, which is an inversion-type device.

[0134]

FIGS. 33B and 33C are plots of current density distributions obtained by
device simulation. FIG. 33A illustrates V,—1; characteristics obtained by calculation
with a drain voltage of 10 V. FIGS. 33B and 33C each show a current density
distribution in the oxide semiconductor film in a cross-sectional direction along A1-A2
in FIG. 30. FIG. 33B shows the current density distribution in a saturation region (¥,
= 0.5 V), and FIG. 33C shows the current density distribution in a linear region (V= 15
V). Note that in the calculation, a transistor had a channel length L of 2 um and a
channel width W of 50 um, and the drain voltage V; was 10 V. .

[0135]

FIG. 33B shows that the current density distribution in the oxide
semiconductor film OS is almost uniform in the saturation region (at low gate voltage
Vg). In contrast, FIG. 33C shows that current ﬂowihg in the vicinity of a surface of the
oxide semiconductor film OS is dominant in the linear region (at high gate voltage V).
Since the current density distribution is almost uniform in the oxide semiconductor film

OS in the saturation region as shown in FIG. 33B, a cause of the peak in the saturation
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mobility is the bulk current.

[0136]
FIGS. 34B and 34C each show a current density distribution in a

semiconductor film of an inversion-type device, which is obtained by device simulation.
FIGS. 34A to 34C show the calculation results of a transistor obtained by replacing the
oxide semiconductor film OS with a semiconductor film (silicon film) including an
n-p-n junction in the transistor illustrated in FIG. 30. A channel region of the
semiconductor film is assumed to have an acceptor impurity with a density of 1 x 17
fem’,

[0137]

FIG. 34A illustrates V,—I; characteristics obtained by calculation with a drain
voltage of 10 V. FIGS. 34B and 34C each show a current density distribution in the
semiconductér film in a cross-sectional direction along A1-A2 in FIG. 30. FIG. 34B
shows the current density distribution in a saturation region (Vg = 0.5 V), and FIG. 34C
shows the current density distribution in a linear region (V, = 15 V). Note that in the
calculation, a transistor had a channel length £ of 2 um and a channel width 7 of 50 pum,
and the drain voltage V; was 10 V.

[0138]

Unlike in the transistor including the oxide semiconductor film that is an
accumulation-type device, in the transistor including the semiconductor film that is an
inversion-type device, current flowing through a surface of the semiconductor film is
increased even at around the threshold voltage as shown in FIG. 34B. The effect of the
bulk current in the inversion-type device is smaller than that in the accumulation-type
device.

[0139] ‘

The above results show that in a transistor including an oxide semiconductor

film that is an accumulation-type device in the ideal condition, the saturation mobility

has a sharp peak due to the bulk current.

- [0140]

As the channel length L becomes smaller, the peak value of the saturation

mobility due to the bulk current is increased. This is probably because the effective
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channel length L.y becomes smaller than the channel length L due to formation of the n
regions in the vicinities of the regions of the oxide semiconductor film OS each of
which is in contact with the source electrode S or the drain electrode D. Furthermore,
it is probable that when the channel length L is small, the effective channel length L.z
becomes smaller than the channel length L by a phenomenon (conduction band
lowering effect: CBL effect) in which the conduction band minimum (Ec) of the oxide
semiconductor film OS is reduced and the conduction band minimum gets closer to the
Fermi energy because of the effect of the source electrode S and the drain electrode D.
As shown in Formula 7, as the effective channel length L.y becomes small, the
saturation mobility is increased in proportion to L/L.y.  This effect becomes significant
as the channel length L becomes small; therefore, it is probable that the saturation .
mobility is increased as the channel length L becomés small.

[0141]

<<Model assuming shallow electron trap level>>

Next, to approximate the saturation mobility of the transistor in the ideal
condition to that of an actual transistor, calculation was performed on the assumption
that there is an acceptor level that is negatively charged when trapping an electron, i.e.,
a shallow electron trap level, at the interface between the gate insulating film GI_1 and
the oxide semiconductor film OS in the transistor with the ideal model. Calculation
results are shown in FIGS. 35A to 35C.

[0142]

FIG. 35A shows density of state (DOS) of the electron trap level which is
assumed to be at the interface between the gate insulating film GI_1 and the oxide
semiconductor film OS.

[0143]

Next, the saturation mobilities of a dual-gate transistor and a single-gate
transistor were calculated. FIG. 35B shows the calculation result of the dual-gate
transistor, and FIG. 35C shows the calculation result of the single-gate transistor.

[0144]
As shown in FIGS. 35B and 35C, unlike in the saturation mobility of the

transistor in the ideal condition, a sharp peak is not observed in the saturation mobilities
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of the dual-gate transistor and the single-gate transistor. In FIG. 35C, the peak values
of the saturation mobilities are each around 5 cmz/\/-sec, which shows that the
saturation mobility of the transistor in the single-gate driving does not depend too much
on the channel length L. In contrast, the peak values of the saturation mobilities of the
dual-gate transistor are each greater thén or equal to 15 em?/V-sec and a little less than
20 cm?/V-sec, and are increased as the channel length L becomes small. These results
are similar to those in Example described later.

[0145]

Consequently, it is found that the saturation mobility is increased as the channel
length L becomes small in a dual-gate transistor.
[0146]
<Structure example of semiconductor display device>

Next, a structure example of a semiconductor display device -of one
embodiment of the present invention is described.
[0147]

'In a semiconductor display device 70 illustrated in FIG. 6A, a pixel portion 71
includes a plurélity of pixels 55, wirings GL (wirings GL1 to GLy, y: a natural number)
for selecting the pixels 55 in each row, and wirings SL (wirings SL1 to SLx, x: a natural
number) for supplying image signals to the selected pixels 55. The input of signals to
the wirings GL is controlled by a driver circuit 72. The input of image signals to the
wirings SL is controlled by a driver circuit 73.  Each of the plurality of pixels 55 is
connected to at least one of the wirings GL and at least one of the wirings SL.

[0148] |

Note that the kinds and number of the wirings in the pixel portion 71 can be
determined by the structure, number, and position of the pixels 55. Specifically, in the
pixel portion 71 illustrated in FIG. 6A, the pixels 55 are arranged in a matrix of x
columns and y rows, and the wirings SL1 to SLx and the wirings GL1 to GLy are
provided in the pixel portion 71.

[0149]
Although FIG. 6A illustrates the case where the driver circuits 72 and 73 and

the pixel portion 71 are formed over one substrate, the driver circuits 72 and 73 may be
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formed over a substrate different from a substrate over which the pixel portion 71 is
formed.
[0150]

FIG. 6B illustrates an example of a configuration of the pixel 55. Each of the
pixels 55 includes a liquid crystal element 60, a transistor 56 that controls the supply of
an image signal to the liquid crystal element 60, and a capacitor 57 that holds voltage
between a pixel electrode and a common electrode of the liquid crystal element 60.
The liquid crystal element 60 includes the pixel electrode, the common electrode, and a
liquid crystal layer containing a liquid crystal material to which voltage between the
pixel electrode and the common electrode is applied.

(o151}

The transistor 56 controls whether to supply the potential of the wiring SL to
the pixel electrode of the liquid crystal element 60. A predetermined potential is |
applied to the common electrode of the liquid crystal element 60.

[6152]

The connection state between the transistor 56 and the liquid crystal element 60
is specifically described below. In FIG. 6B, a gate of the transistor 56 is connected to
any one of the wirings GL1 to GLy. One of a source and a drain of the transistor 56 is
connected to any one of the wirings SL1 to SLx, and the other is connected to the pixel
electrode of the liquid crystal element 60.

[0153]

The transmittance of the liquid crystal' element 60 changes when the alignment
of liquid crystal molecules included in the liquid crystal layer changes in accordance
with the level of voltage applied between the pixel electrode and the common electrode.
Accordingly, when the transmittance of the liquid crystal element 60 is controlled by the
potential of an image signal supplied to the pixel electrode, gray-scale images can be
displayed. In each of the plurality of pixels 55 included in the pixel portion 71, the
gray level of the liquid crystal element 60 is adjusted in response to an image signal
containing image data; thus, an image is displayed on the pixel portion 71.

[0154]
FIG. 6B illustrates an example in which the one transistor 56 is used as a

switch for controlling the input of an image signal to the pixel 55. However, a
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plurality of transistors functioning as one switch may be used in the pixel 55.
[0155]

In one enﬂbodiment of the present invention, the transistor 56 with extremely
low off-state current is preferably used as the switch for controlling the input of an
image signal to. the pixel 55. With the transistor 56 having extremely low off-state
current, leakage of charge through the transistor 56 can be prevented. Thus, the
potential of an image signal that is applied to the liquid crystal element 60 and the
capacitor 57 can be held more reliably. Accordingly, changes in transmittance of the
liquid crystal element 60 due to leakage of charge in one frame period are prevented, so
that the quality of an image to be displayed can be improved. Since leakage of charge
through the transistor 56 can be prevented when the transistor 56 has low off-state
current, the supply of a power supply potential or a signal to the driver circuit 72 and
the driver circuit 73 may be stopped in a period during which a still image is displayed.
With the above configuration, the number of times of writing image signals to the pixel
portion 71 can be reduced, and thus power consumption of the semiconductor display
device can be reduced. '

[0156]

A transistor including a semiconductor film containing an oxide semiconductor
has extremely low off-state current, and therefore is suitable for the transistor 56, for
example.

[0157]

In addition, FIG. 6B illustrates the case where the transistor 56 includes a pair
of gate‘ electrodes overlapping with each other with a semiconductor film provided
therebetween. The pair of gate electrodes is electrically connected to each other. In
one embodiment of the present invention, the above structure allows the on-state current
and the reliability of the transistor 56 to be increased.

[0158]

Next, FIG. 6C illustrates another example of the pixel 55. The pixel 55
includes a transistor 95 controlling input of an image signal to the pixel 55, a
light-emitting element 98, a transistor 96 controlling the value of current supplied to the
light-emitting element 98.in response to an image signal, and a capacitor 97 for holding

the potential of an image signal.
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[0159]

Examples of the light-emitting element 98 include an element whose
luminance is controlled by current or voltage, such as a light-emitting diode (LED) or
an organic light-emitting diode (OLED). For example, an OLED includes at least an

EL layer, an anode, and a cathode. The EL layer is formed using a single layer or a

plurality of layers between the anode and the cathode, at least one of which is a

light-emitting layer containing a light-emitting substance.
[0160]

From the EL layer, electroluminescence is obtained by current supplied when a
potential difference between the cathode and the anode is higher than or equal to the
threshold voltage of the light-emitting element 98. As electroluminescence, there are
luminescence (fluorescence) at the time of returning from a singlet-excited state to a
ground state and luminescence (phosphorescence) at the time of returning from a
triplet-excited state to a ground state.

[0161)]

The potential of one of the anode and the cathode of the light-emitting element
98 is controlled in response to an image signal input to the pixel 55. The one of the
anode and the cathode whose potential is controlled in response to an image signal is
used as a pixel electrode, and the other is used as a common electrode. A
predetermined potential is applied to the common electrode of the light-emitting
element 98, and the luminance of the light-emitting element 98 is determined by a
potential difference between the pixel electrode and the common electrode. Thus, the
luminance of the light-emitting element 98 is controlled by the potential of the image
signal, so that the light-emitting element 98 can express gray level. In each of the
plurality of pixels 55 included in the pixel portion, the gray level of the light-emitting
element 98 is adjusted in response to an image signal containing image data; thus, an
image is displayed on the pixel portion 71.

[0162]

Next, connection between the transistor 95, the transistor 96, the capacitor 97,
and the light-emitting element 98 which are included in the pixel 55 is described.
[0163]

One of a source and a drain of the transistor 95 is connected to the wiring SL,
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and the other is connected to a gate of the transistor 96. A gate of the transistor 95 is
connected to the wiring GL. One of a source and a drain of the transistor 96 is
connected to a power supply line VL, and the other is connected to the light-emitting
element 98. Specifically, the other of the source and the drain of the transistor 96 is
connected to any one of the anode and the cathode of the light-emitting element 98. A
predetermined potential is applied to the other of the anode and the cathode of the
light-emitting element 98.

[0164]

In addition, FIG. 6C illustrates the case where the transistor 96 includes a pair

_of gate electrodes overlapping with each other with a semiconductor film provided

therebetween. The pair of gate electrodes is electrically connected to each other. In
one embodiment of the present invention, the above structure allows the on-state current
and the reliability of the transistor 96 to be increased.
[0165]
<Structure of pixel>

Next, description is given of a structure example of the pixel 55 in a liquid
cry'stal‘ display device which is an example of the semiconductor display device 70
illustrated in FIG. 6A. FIG. 4 illustrates, as an example, a top view of the pixel 55
formed ‘over the substrate 31 together with the transistor 20 in FIGS. 2A to 2C. The
insulating films are not illustrated in FIG. 4 in order to clarify the layout of the pixel 55.

FIG. 5 is a cross-sectional view of the liquid crystal display device using an element

substrate including the pixel 55 iltustrated in FIG. 4. In the liquid crystal display

device in FIG. 5, the element substrate including the substrate 31 corresponds to a
cross-sectional view along the dashed line B1-B2 in FIG. 4.
[0166]

The pixel 55 illustrated in FIG. 4 and FIG. 5 includes the transistor 56 and the
capacitor 57. In FIG. 5, the pixel 55 includes the liquid crystal element 60.
[0167]

Over the substrate 31 having an insulating surface, the transistor 56 includes a
conductive film 40 serving as a gate electrode, the insulating film 22 that is over the
conductive film 40 and serves as a gate insulating film, an oxide semiconductor film 41

that is over the insulating film 22 and overlaps with the conductive film 40, and a
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conductive film 43 and a conductive film 44 that are electrically connected to the oxide
semiconductor film 41 and serve as a source electrode and a drain electrode. The
conductive film 40 serves as the wiring GL illustrated in FIG. 6B. The conductive film
43 serves as the wiring SL illustrated in FI1G. 6B.

[0168) |

The pixel 55 includes a metal oxide film 42 over the insulating film 22. The
metal oxide film 42 is a conductive film that transmits visible light. A conductive film
61 electrically connected to the metal oxide film 42 is provided over the metal oxide
film 42. The conductive film 61 serves as a wiring that supplies a predetermined
potential to the metal oxide film 42. ’

[0169]

In FIG. 5, the insulating film 26 and the insulating film 27 are stacked in this
order provided over the oxide semiconductor film 41, the conductive film 43, the
conductive film 44, the metal oxide film 42, and the conductive film 61. The transistor
56 may include the insulating films 26 and 27.  Although the insulating films 26 and
27 are stacked in this order in FIG. 5, an insulating film or a stack of three or more
insulating films may be used instead of the insulating films 26 and 27.

[0170]

An opening 58 is provided in the insulating films 26 and 27 to overlap with the
metal oxide film 42. The opening 58 is provided in a region overlapping with the
metal oxide film 42, and the oxide semiconductor film 41, the conductive film 43, and
the conductive film 44 are not provided in the region.

[0171]

In FIG. 5, the nitride insulating film 28 and the insulating film 29 are stacked in
this order over the insulating film 26 and the insulating film 27 and over the metal oxide
film 42 in the opening 58.

[0172]

Note that by forming an oxide semiconductor film over the insulating film 22
and forming the nitride insulating film 28 to be in contact with the oxide semiconductor
film, the conductivity of the oxide semicoﬁductor film can be increased. In that case,
the oxide semiconductor film with h.igh conductivity can be used as the metal oxide film

42. The conductivity of the oxide semiconductor film is increased probably because
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oxygen vacancies are formed in the oxide semiconductor film at the time of forming the
opening 58 or the nitride insﬁlating film 28, and hydrogen diffused from the nitride
insulating film 28 is bonded to the oxygen vacancies to form a donor.  Specifically, the
resistivity of the metal oxide film 42 is higher than or equal to 1 x 107> Q-cm and lower
than 1 x 10* Q-cm, preferably higher than or equal to 1 x 107 Q-cm and lower than 1 x
107" Q-cm.

[0173]

It is preferable that the metal oxide film 42 have a higher hydrogen
concentration than the oxide semiconductor film 41. In the metal oxide film 42, the
hydrogen concentration measured by secondary ion mass spectrometry (SIMS) is
greater than or equal to 8 x 10" atoms/cm’, preferably greater than or equal to.l x 10%
atoms/cm’, more preferably greater than or equal to 5 x 10%% atoms/em®.  In the oxide
semiéonductor film 41, the hydrogen concentration measured by SIMS is less than 5 x
10'? atoms/cm’, preferably less than 5 x 10'® atoms/cm’, further preferably less than or
equal to 1 x 10'® atoms/em’, still further preferably less than or equal to 5 x 107
atoms/cm’, still further preferably less than or equal to I'x 10'® atoms/cm’.

[0174)]

For the nitride insulating film 28, silicon nitride, silicon nitride oxide,
aluminum nitride, or aluminum nitride oxide can be used, for example. In comparison
with an oxide insulating film such as a silicc’)n. oxide film and an aluminum oxide film,
the nitride insulating film 28 containing any of the above materials can further prevent
impurities from outside, such as water, alkali metal, and alkaline-earth metal, from
being diffused into the oxide semiconductor film 41.

[0175]

Furthermore, an opening 62 is provided in the nitride insulating film 28 and the
insulating film 29 to overlap with the conductive film 44. A conductive film 45 that
transmits visible light and serves as a pixel electrode is provided over the nitride
insulating film 28 and the insulating film 29. The conductive film 45 is electrically
connected to the conductive film 44 in the opening 62. The conductive film 45
overlaps with the metal oxide film 42 in the opening 58. A portion where the

conductive film 45 and the metal oxide film 42 overlap with each other with the nitride
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insulating film 28 and the insulating film 29 sandwiched therebetween serves as the
capacitor 57.
[0176]

In the capacitor 57, the metal oxide film 42 and the conductive film 45 servihg
as a pair of electrodes and the nitride insulating film 28 and the insulating film 29 -
collectively serving as a dielectric film transmit visible light. This means that the
capacitor 57 transmits visible light. Thus, the aperture ratio of the pixel 55 can be
higher than that of a pixel including a capacitor having a property of transmitting less

visible light. Therefore, the required capacitance for high image quality can be

‘secured and the aperture ratio of the pixel can be increased; thus, light loss can be

reduced in a panel and power consumption of a semiconductor device can be reduced.
[0177]

Note that as described above, the insulating film 29 is not necessarily provided.
However, with the use of the insulating film 29 using an insulator, which has a dielectric
constant lower than that of the nitride insulating film 28, as a dielectric film together
with the nitride insulating film 28, the dielectric constant of thé dielectric film of the
capacitor 57 can be adjusted to a desired value without increasing the thickness of the
nitride insulating film 28.

[0178] ‘

An alignment film 52 is provided over the conductive film 45.
[0179]

A substrate 46 is provided to face the substrate 31, A shielding film 47
blocking visible light and a coloring layer 48 transmitting visible light in a specific
wavelength range are provided on the substrate 46. A resin film 50 is provided on the
shielding film 47 and the coloring layer 48, and a conductive film 59 serving as a
common electrode is provided on the resin film 50. An alignment film 51 is provided
on the conductive film 59.

[0180]

Between the substrate 31 and the substrate 46, a liquid crystal layer 53
containing a liquid crystal material is sandwiched between the alignment film 52 and
the alignment film 51. The liquid crystal element 60 includes the conductive film 435,

the conductive film 59, and the liquid crystal layer 53.
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[0181]

Although a twisted nematic (TN) mode is used as a method for driving the
liquid crystal in FIG. 4 and FIG. 5, the following can be used as a method for driving
the liquid crystal: a fringe field switching (FFS) mode, a super twisted nematic (STN)
mode, a vertical alignment (VA) mode, a multi-domain vertical alignment (MVA) mode,
an in-plane-switching (IPS) mode, an optically compensated birefringence (OCB) mode,
a blue phase mode, a transverse bend alignment (TBA) mode, a VA-IPS mode, an
electrically controlled birefringence (ECB) mode, a ferroelectric liquid crystal (FLC)
mode, an anti-ferroelectric liquid crystal (AFLC) mode, a polymer dispersed liquid
crystal (PDLC) mode, a polymer network liquid crystal (PNLC) mode, a guest-host
mode, an advanced super view (ASV) mode, and the like.

{0182]

In the liquid crystal display device of one embodiment of the present invention,
the liquid crystal layer can be formed using, for example, a liquid crystal material
classified into a thermotropic liquid crystal or a lyotropic liquid crystal. As another
example of a liquid crystal material used for the liquid crystal layer, the following can
be given: a nematic liquid crystal, a smectic liquid crystal, a cholesteric liquid crystal, or
a discotic liquid crystal. Further alternatively, a liquid crystal material categorized by
a ferroelectric liquid crystal or an anti-ferroelectric liquid crystal can be used. Further
alternatively, a liquid crystal material categorized by a high-molecular liquid crystal
such as a main-chain high-molecular liquid crystal, a side-chain high-molecular liquid
crystal, or a composite-type high-molecular liquid crystal, or a low-molecular liquid
crystal can be used. Further altematively, a liquid crystal material categorized by a
polymer dispersed liquid crystal (PDLC) can be used.

[0183]

Alternatively, liquid crystal exhibiting a blue phase for which an alignment film
is unnecessary may be used for the liquid crystal layer. A blue phase is one of liquid
crystal phases, which is generated just before a cholesteric phase changes into an
isotropic phase while temperature of cholesteric liquid crystal is increased. Since the
blue phase is only generated within a narrow range of temperature, a chiral material or
an ultraviolet curable resin is added so that the temperature range is improved. The

liquid crystal composition which includes a liquid crystal exhibiting a blue phase and a



20

25

30

WO 2014/196550 PCT/JP2014/064799

50

chiral material is preferable because it has a small response time of less than or equal to
| msec, has optical isotropy, which makes the alignment process unneeded, and has a
small viewing angle dependence.

[0184]

Although a liquid crystal display device using a color filter to display a color
image is illustrated in FIG. 5 as an example, the liquid crystal display device of one
embodiment of the present invention may display a color image by sequentially lighting
a plurality of light sources having different hues.

[0185]
<Configuration example 2 of sequential circuit>

Next, a configuration example of the sequential circuit of one embodiment of
the present invention different from that in FIGS. 1A and 1B is described.
[0186)

FIG. 7A illustrates a configuration example of the sequential circuit 10 of one
embodiment of the present invention. The sequential circuit 10 i'n FIG. 7A includes a
transistor 80, a transistor 81, a transistor 82, a transistor 83, a transistor 84, a transistor
85, and a transistor 86. A signal RES, the signal LIN, the signal RIN, a signal CK1,
and a signal CK2 are input to the sequential circuit 10. In addition, the high-level
potential VDD and the low-level potential VSS are applied to the sequential circuit 10.
The on/off states of the transistors 80 to 86 are each determined by the potentials of the
signals, whereby a signal including the potential VSS or the potential VDD is output
from an output terminal A and an output terminal B included in the sequential circuit 10.
[0187]

Specifically, a gate of the transistor 80 is connected to a wiring to which the
signal LIN is input. One of a source and a drain of the transistor 80 is connected to the
output terminal A, and the other is connected to a wiring to which the potential VDD is
applied. A gate of the transistor 81 is connected to the output terminal B. One of a
source and a drain of the transistor 81 is connected to a wiring to which the potential
VSS is applied, and the other is connected to the output terminal A. A gate of the
transistor 82 is connected to a wiring to which the signal CK2 is input. One of a
source and a drain of the transistor 82 is connected to one of a source and a drain of the

transistor 83, and the other is connected to the wiring to which the potential VDD is
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applied. A gate of the transistor 83 is connected to a wiring to which the signal CK1 is
input. The one of the source and the drain of the transistor 83 is connected to the one
of the source and the drain of the transistor 82, and the other is connected to the output
terminal B. A gate of the transistor 84 is connected to a wiring to which the signal
RIN is input. One of a source and a drain of the transistor 84 is connected to the
output terminal B, and the other is connected to the wiring to which the potential VDD
is applied. A gate of the transistor 85 is connected to the wiring to which the signal
LIN is input. One of a source and a drain of the transistor 85 is connected to the
wiring to which the potential VSS is applied, and the other is connected to the output
terminal B. A gate of the transistor 86 is connected to a wiring to which the signal
RES is inpﬁt. One of a source and a drain of the transistor 86 is connected to the
output terminal B, and the other is connected to the wiring to which the potential VDD
is applied.
[0188]

Note that the output terminal A included in the sequential circuit 10 in FIG. 7A
corresponds to the output terminal OUT illustrated in FIG. 1A. The transistor 80
serves as the transistor 12 in FIG. 1A.  The transistor 81 serves as the transistor 13 in

FIG. lA. The transistors 82 to 86 serve as the circuit 11 in FIG. 1A.

- [0189]

In one embodiment of the present invention, at least any one of the transistors
80, 82, 83, 84, 85, and 86 includes a pair of gate electrodes that are electrically
connected to each other and overlap with each other with a semiconductor film provided
therebetween. FIG. 7A illustrates the case where all of the transistors 80, 82, 83, 84,
83, and 86 include the above-described pair of gate electrodes. By providing the pair
of gate electrodes electrically connected to each other in one or all of the transistors,
even when a positive fixed charge is generated in the vicinity of the surface of the
element substrate, a negative charge can be prevented from bein'g generated in the
vicinity of the surface of the semiconductor film due to the fixed charge, resulting in
suppression of a shift in the threshold voltage of the transistors in a negative direction.
Thus, the reliability of the sequential circuit 10 can be increased, leading to an increase
in the reliability of a semiconductor device using the sequential circuit 10.

[0190]
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In the case where the pair of gate electrodes is electrically connected to each
other, the same potential is applied to the pair of gate electrodes, which is different from
the case where a constant potential is applied to one of the pair of gate electrodes.
Thus, a channel formation region is increased, which makes is possible to increase drain

current of the transistors. Consequently, a decrease in on-state current can be

- suppressed and the transistors can be reduced in size; thus, the area of the sequential

circuit 10 can be reduced, resulting in a reduction in the area of a driver circuit using the
sequential circuit 10.
[0191]

Furthermore, with the pair of gate electrodes electrically connected to each
other, a depletion layer is easily formed in the semiconductor film, which makes it
possible to improve the subthreshold values (S values) of the transistors.

[0192]

FIG. 8 illustrates an example of a shift register in Which a plurality of
sequential circuits 10 illustrated in FIG. 7A are connected in series.
[0193]

The shift register iltustrated in FI1G. 8 includes sequential circuits 10_1 to 10_y.
Each of the sequential circuits 10_1 to 10_y has the same configuration as the sequential
circuit 10 illustrated in FIG. 7A. Note that in the sequential circuits 10_1 to 10_y in
FIG. 8, any two of signals CLK1 to CLK38 are used as the signal CK1 and the signal
CK2. The shift register in FIG. 8 further includes a plurality of buffers BUF (buffers
BUF_I to BUF_y). Output signals from the sequential circuits 10_1 to 10_y are input
to the buffers BUF_1 to BUF_y, respectively. The shift register in FIG. 8 further
includés a sequential circuit 10_DUM and a buffer BUF_DUM which are used as a
dummy sequential circuit and the dummy buffer, respectively. An output signal from
the sequenﬁal circuit 10_DUM is input to the buffer BUF_DUM.
[0194]

Specifically, in the sequential circuit 10_8m+1, the signal CLK6 and the signal
CLK?7 are used as the signal CK1 and the signal CK2, respectively. In the sequential
circuit 10_8m+2, the signal CLK3 and the signal CLK4 are used as the signal CK1 and

the signal CK2, respectively. In the sequential circuit 10_8m+3, the signal CLK8 and
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the signal CLK1 are used as the signal CK1 and the signal CK2, respectively. In the
sequential circuit 10_8m+4, the signal CLKS and the signal CLK6 are used as the signal
CK1 and the signal CK2, respectively. In the sequential circuit 10_8m+35, the signal
CLK2 and the signal CLK3 are used as the signal CK1 and the signal CK2, respectively.
In the sequential circuit 10_8m+6, the signal CLK7 and the signal CLK8 are used as the
signal CK1 and the signal CK2, respectively. In the sequential circuit 10_8m+7, the
signal CLK4 and the signal CLKS are used as the signal CK1 and the signal CK2,
respectively. In the sequential circuit 10_8m, the signal CLK1 and the signal CLK?2
are used as the signal CK1 and the signal CK2, respectively. Note that 8m to 8m+7 are
natural numbers that meet the condition that the total number of the sequential circuits
10is y. |

[0195]

In ‘the sequential circuit 10_DUM, signals used as the signal CK1 and the
signal CK2 depend on the number of the stage of the sequential circuit 10 in the
previous stage. For example, when there is the sequential circuit 10_8m+1 in the
previous stage, the signal CLK3 and the signal CLK4 are used as the signal CK1 and
the signal CK2, respectively in the sequential circuit 10 DUM. When there is the
sequential circuit 10_8m+2 in the previous stage, the signal CLK8 and the signal CLK1
are used as the signal CK1 aﬁd the signal CK2, respectively in the sequential circuit
10_DUM. When there is the sequential circuit 10_8m+3 in the previous stage, the
signal CLK5 and the signal CLK6 are used as the signal CK1 and the signal CK2,
respectively in the sequential circuit 10_DUM. When there is the sequential circuit
10_8m+4 in the previous stage, the signal CLLK2 and the signal CLK3 are used as the
signal CKT and the signal CK2, respectively in the sequential circuit 10 DUM. When
there is the sequential circuit 10_8m+5 in the previous stage, the signal CLK7 and the
signal CLK8 are used as the signal CK1 and the signal CK2, respectively in the
sequential circuit 10_DUM. When there is the sequential circuit 10 _8m+6 in the
previous stage, the signal CLK4 and the signal CLKS are used as the signal CK1 and
the signal CK2, respectively in the sequential circuit 10 DUM. When there is the

sequential circuit 10_8m+7 in the previous stage, the signal CLK1 and the signal CLK2
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are used as the signal CK1 and the signal CK2, respectively in the sequential circuit
[0_DUM. When there is the sequential circuit 10_8m in the previous stage, the signal
CLKG6 and the signal CLK7 are used as the signal CK1 and the signal CK2, respectively
in the sequential circuit 10_DUM.

[0196]

Furthermore, FIG. 7B schematically illustrates the positions of the wirings
connected to the sequential circuit 10_; (j is a natural number of y or less) in the shift
register illustrated in FIG. 8. As illustrated in FIG. 8 and FIG. 7B, in the sequential
circuit 10_j, an output signal from an output terminal GOUT5(j—2)+5 included in the
buffer BUF that is connected to the output terminal A and the output terminal B of the
sequential circuit 10_j—1 in the previous stage is used as the signal LIN. Note that in
the sequential circuit 10_1 in the first stage, a signal SP is used as the signal LIN.

[0197]

In the sequential circuit 10_j, an output signal from an output terminal

GOUTS/+2 included in the buffer BUF that is connected to the output terminal A and

the output terminal B of the sequential circuit 10_j+1 in the subsequent stage is used as

‘the signal RIN. Note that in the sequential circuit 10_y in the y-th stage, an output

signal from the output terminal OUT2 included in the buffer BUF_DUM that is

-connected to the output terminal A and the output terminal B of the sequential circuit

10_DUM is used.
[0198] ,

FIG. 9A schematically illustrates positions of the wirings connected to the
buffer BUF in the shift register in FIG. 8. As illustrated in FIG. 9A, in addition to the
output signals from the output terminal A and the output terminal B of the sequential
circuit 10, the signals CK1 to CKS are input to the buffer BUF. In the buffer BUF, any
five of the signals CLK1 to CLK8 are used as the signals CK1 to CKS5. |
[0199]

Specifically, in the buffer BUF_8m+1, the signals CLK1 to CLKS5 are used as
the signals CK1 to CKS5, respectively. In the buffer BUF_8m+2, the signals CLK6 to
CLKS, the signal CLKI1, and the signal CLK2 are used as the signals CK1 to CKS5,
respectively. In the buffer BUF_8m+3, the signals CLK3 to CLK7 are used as the
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signals CK1 to CK35, respectively. In the buffer BUF_8m+4, the signal CLK8 and the
signals CLK1 to CLK4 are used as the signals CK1 to CKS5, respectively. In the buffer
BUF_8m-+5, the signals CLKS to CLK8 and the signal CLK1 are used as the signals
CK1 to CKS5, respectively. In the buffer BUF_8m+6, the signals CLK2 to CLK6 are
used as the signals CK1 to CKS, respectively. In the buffer BUF_8m+7, the signal
CLK?7, the signal CLKS, and the signals CLKI1 to CLK3 are used as the signals CK1 to
CK35, respectively. In the buffer BUF_8m, the signals CLK4 to CLKS are used as the
signals CK1 to CKS, respectively.

[0200]

FIG. 9B schematically illustrates positions of the wirings connected to the
buffer BUF_DUM in the shift register in FIG. 8.  As illustrated in FIG. 9B, in addition
to the output signals from the output terminal A and the output terminal B of the
sequential circuit 10, the signals CK1 and CK2 are input to-the buffer BUF_DUM. In
the buffer BUF_DUM, any two of the signals CLK 1 to CLKS are used as the signais
CK1 and CK2. '

[0201]

In the buffer BUF_DUM, signals used as the signal CK1 and the signal CK2
depend on the number of the stage of the buffer BUF in the previous stage. For
example, when there is the buffer BUF_8m+1 in the previous stage, the signal CLK6
and the signal CLK7 are used as the signal CK1 and the signal CK2, respectively in the
buffer BUF_DUM. When there is the buffer BUF_8m+2 in the previous stage, the
signal CLK3 and the signal CLK4 are used as the signal CK1 and the signal CK2,
respectively in the buffer BUF_DUM. When there is the buffer BUF_8m+3 in the
previous stage, the signal CLKS8 and the signal CLK1 are used as the signal CK1 and
the signal CK2, respectively in the buffer BUF_DUM. When there is the buffer
BUF_8m+4 in the previous stage, the signal CLKS and the signal CLK6 are used as the
signal CK1 and the signal CK2, respectively in the buffer BUF_DUM. When there is
the buffer BUF_8m+5 in the previous stage, the signal CLK2 and the signal CLK3 are
used as the signal CK1 and the signal CK2, respectively in the buffer BUF_DUM.
When there is the buffer BUF _8m+6 in the previous stage, the signal CLK7 and the
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signal CLK8 are used as the signal CK1 and the signal CK2, respectively in the buffer
BUF_DUM. When there is the buffer BUF_8m+7 in the previous stage, the signal
CLK4 and the signal CLKS are used as the signal CK1 and the signal CK2, respectively
in the buffer BUF_DUM. When there is the buffer BUF_8m in the previous stage, the
signal CLK1 and the signal CLK2 are used as the signal CK1 and the signal CK2,
respectively in the buffer BUF_DUM.

[0202]

The buffers BUF_1 to BUF_y each include output terminals QUTI1 to OUTS.
Output signals GOUT! to GOUTy are output from the output terminals OQUT1 to QUTS
included in each of the buffers BUF_1 to BUF_y. The buffer BUF_DUM includes an
output terminal DUMOUT1 and an output terminal DUMOUT?2.

[0203]

- FIG. 9C illustrates an example of a specific configuration of the buffer BUF.
The buffer BUF in FIG. 9C includes five buffers 90. To each of the buffers 90, in
addition to the output signals from the output terminal A and the output terminal B of
the sequential circuit 10, any one of the signals CK1 to CKS35 is input. Output terminals
of the five buffers 90 correspond to the output terminals OUT1 to OUTS of the buffer
BUF, respectively.
[0204]

Note that in FIG. 8, FIG. 9A, and FIG. 9C, the buffer BUF includes the five
buffers 90; however, the number of buffers 90 included in the buffer BUF may be one or
less than five and more than five. As the number of the buffers 90 included in the
buffer BUF is ‘increased, the number of sequential circuits 10 included in the shift
register can be small; therefore, the area of a driver circuit including the shift register
can be reduced to enable the semiconductor display device to have a narrower frame
width.

[0205]

FIG. 9D illustrates an example of a specific configuration of the buffer
BUF_DUM. The buffer BUF_DUM in FIG. 9D includes two buffers 90. To each of
the buffers 90, in addition to the output signals from the output terminal A and the

output terminal B of the sequential circuit 10_DUM, the signals CK1 or CK2 is input.
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Output terminals of the two buffers 90 correspond to the output terminals OUT!1 and
OUT?2 of the buffer BUF_DUM, respectively. Note that in FIG. 8, FIG. 9B, and FIG.
9D, the buffer BUF_DUM includes the two buffers 90; however, the number of buffers
90 included in the buffer BUF_DUM may be one or more than two.

[0206]

FIG. 10 illustrates a specific configuration example of the buffer 90. The
buffer 90 in FIG. 10 includes a transistor 91, a transistor 92, and a transistor 93. A gate
of the transistor 91 is connected to the wiring to which the potential VDD is applied.
One of a source and a drain of the transistor 91 is connected to the output terminal B of
the sequential circuit 10_DUM, and the other is connected to a gate of the transistor 92.
One of a source and a drain of the transistor 92 is connected to any one of the output
terminals OUTI1 to OUTS (which is illustrated as the output terminal OUT in FIG. 10)
of the buffer 90, and the other is connected to the wiring to which any one of the signals
CK1 to CKS (which is illustrated as a signal CK in FIG. 10) is input. A gate of the
transistor 93 is connected to the output terminal A of the sequential circuit 10_DUM.
One of a source and a drain of the transistor 93 is connected to the wiring to which the
potential VSS is applied, and the other is connected to any one of the output terminals
OUT1 to OUTS (which is illustrated as the output terminal OUT in FIG. 10).

[0207]

In view of the above, in one embodiment of the present invention, the transistor
92 in which the other of the source and the drain is supplied with the signal CK includes
a pair of gate electrodes that are electrically connected to each other and overlap with
each other with a semiconductor film provided therebetween.  With the transistor 92
including the pair of gate electrodes electrically connected to each other, even when a
positive fixed charge is generated in the vicinity of the surface of the element substrate,
a negative charge can be prevented from being generated in the vicinity of the surface of
the semiconductor film due to the fixed charge, resulting in suppression of a shift in the
threshold voltage of the transistor 92 in a negative direction. Thus, the reliability of
the buffer BUF can be increased, leading to an increase in the reliability of a
semi‘conductor device using a buffer BUF.

[0208]
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In the case where the pair of gate electrodes is electrically connected to each
other, the same potential is applied to the pair of gate electrodes, which is different from
the case where a constant potential is applied to one of the pair of gate electrodes.

Thus, a channel formation region is increased, which makes is possible to increase drain

current of the transistor 92. Consequently, a decrease in on-state current can be

suppressed and the transistor 92 can be reduced in size; thus, the area of the buffer BUF
can be reduced, resulting in a reduction in the area of a driver circuit using the buffer
BUF. In particular, the transistor 92 provided on the output terminal side of the buffer
BUF needs to have a higher capacity for supplying voltage than the transistor 91 does;
therefore, it can be said that the case where the transistor 92 includes the pair of gate
electrodes enables the area of the buffer BUF or the driver circuit to be small as
compared to the case where the transistor 91 includes the pair of electrodes.

[0209]

Furthermore, with the pair of gate electrodes electrically connected to each
other, a depletion layer is easily formed in the semiconductor film, which makes it
possible to improve the subthreshold value (S value) of the transistor 92.

[0210]
<Semiconductor film>

There are few carrier generation sources in a highly purified oxide
semiconductor (purified oxide semiconductor) obtained by reduction of impurities such
as moisture and hydrogen serving as electron donors (donors) and reduction of oxygen
vacancies; therefore, the highly purified oxide semiconductor can be an intrinsic (i-type)
semiconductor or a substantially i-type semiconductor. For this reason, a transistor
having a channel formation region in a highly purified oxide semiconductor film has
extremely low off-state current and high reliability. Thus, a transistor in which a
channel formation region is formed in the oxide semiconductor film easily has an
electrical characteristic of a positive threshold voltage (also referred to as a normally-off
characteristic).

[0211]

Speéiﬁcally, various experiments can prove a small off-state current of a

transistor having a channel formation region in a highly purified oxide semiconductor.

For example, even when an element has a channel width of 1 x 10° um and a channel
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length of 10 um, 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 | x 1077 A, ata voltage
(drain voltage) between the source electrode and the drain electrode of 1 Vto 10 V. In
that case, it can be seen that off-state current standardized on the channel width of the
transistor is lower than or equal to 100 zA/um. In addition, a capacitor and a transistor
are connected to each other and the off-state current is measured with a circuit in which
charge flowing into or from the capacitor is controlled by the transistor. In the
measurement, a highly purified oxide semiconductor film was used for a channel
formation region of the transistor, and the off-state current of the transistor was
measured from a change in the amount of charge of the capacitor per unit hour. Asa
result, it was found that, in the case where the voltage between the source electrode and
the drain electrode of the transistor is 3 V, a lower off-state current of several tens of
yA/um is obtained. Accordingly, the off-state current of the transistor in which the
highly purified oxide semiconductor film is used as a channel formation region is
considerably lower than that of a transistor in which silicon having crystallinity is used.
[0212] |

In the case where an oxide semiconductor film is used as a semiconductor film,
an oxide semiconductor preferably contains at least indium (In) or zinc (Zn). As a
stabilizer for reducing variations in electrical characteristics of a transistor including the
oxide semiconductor, the oxide semiconductor preferably contains gallium (Ga) in
addition to In and Zn. Tin (Sn) is preferably contained as a stabilizer. Hafnium (Hf)
is preferably contained as a stabilizer. Aluminuvm (Al) is preferably contained as a
stabilizer. Zirconium (Zr) is preferably contained as a stabilizer. '

[0213]

Among the oxide semiconductors, unlike silicon carbide, gallium nitride, or
gallium oxide, an In-Ga-Zn-based oxide, an In-Sn-Zn-based oxide, or the like has an
advantage of high mass productivity because a transistor with favorable electrical
characteristics can be formed by a sputtering method or a wet process. Further, unlike
silicon carbide, gallium nitride, or gallium oxide, with the use of the In-Ga-Zn-based

oxide, a transistor with favorable electrical characteristics can be formed over a glass

‘substrate. Furthermore, a larger substrate can be used.
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[0214)]

As another stabilizer, one or more kinds of lanthanoid such as lanthanum (La),
cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm), europium (Eu),
gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
(Tm), ytterbium (Yb), or lutetium (Lu) may be contained.

[0215) '

As the oxide semiconductor, any of the following oxides can be used, for
example: indium oxide, gallium oxide, tin oxide, zinc oxide, an In-Zn-based oxide, a
Sn-Zn-based oxide, an Al-Zn-based oxide, a Zn-Mg-based oxide, a Sn-Mg-based oxide,
an In-Mg-based oxide, an In-Ga-based oxide, an In-Ga-Zn-based oxide (also referred to
as [GZO), an In-Al-Zn-based oxide, an In-Sn-Zn-based oxide, a Sn-Ga-Zn-based oxide,
an Al-Ga-Zn-based oxide, a Sn-Al-Zn-based oxide, an In-Hf-Zn-based oxide, an
In-La-Zn-based oxide, an In-Pr-Zn-based oxide, an In-Nd-Zn-based oxide, an
In-Ce-Zn-based oxide, an In-Sm-Zn-based oxide, an In-Eu-Zn-based oxide, an
In-Gd-Zn-based oxide, an In-Tb-Zn-based oxide, an In-Dy-Zn-based oxide, an
In-Ho-Zn-based oxide, an In-Er-Zn-based oxide, an In-Tm-Zn-based oxide, an
In-Yb-Zn-based oxide, an In-Lu-Zn-based oxide, an In-Sn-Ga-Zn-based oxide, an
In-Hf-Ga-Zn-based oxide, an In-Al-Ga-Zn-based oxide, an In-Sn-Al-Zn-based oxide, an
In-Sn-Hf-Zn-based oxide, and an In-Hf-Al-Zn-based oxide.

[0216]

Note that, for example, an [n-Ga-Zn-based oxide means an oxide containing In,
Ga, and Zn, and there is no limitation on the ratio of In, Ga, and Zn. In addition, the
In-Ga-Zn-based oxide may contain a metal element other than In, Ga, and Zn. The
In-Ga-Zn-based oxide has sufficiently high resistance when no electric field is applied
thereto, so that off-state current can be sufficiently reduced. Further, the
In-Ga-Zn-based oxide has high mobility.

[0217]

For example, with an In-Sn-Zn-based oxide, high mobility can be relatively
easily obtained. However, even with an In-Ga-Zn-based oxide, mobility can be
increased by lowering defect density in the bulk.

[0218]

A structure of the oxide semiconductor film is described below.
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[0219]

An oxide semiconductor film is classified roughly into a single-crystal oxide
semiconductor film and a non-single-crystal oxide semiconductor film.  The
non-single-crystal oxide semiconductor film includes any of an amorphous oxide
semiconductor film, a microcrystalline oxide semiconductor film, a polycrystalline
oxide semiconductor film, a CAAC-OS film, and the like.

[0220]

The amorphous oxide semiconductor film has disordered atomic arrangement
and no crystalline component. A typical example thereof is an oxide semiconductor
film in which no crystal part exists even in a microscopic region, and the whole of the
film is amorphous. v

[0221]

The microcrystalline oxide semiconductor film includes a microcrystal (also
referred to as nanocrystal) with a size greater than or equal to | nm and less than 10 nm,
for example. Thus, the microcrystalline oxide semiconductor film has a higher degree
of atomic order than the amorphous oxide semiconductor film. Hence, the density of
defect states of the microcrystalline-oxide semiconductor film is lower than that of the
amorphous oxide semiconductor film.

[0222]

The CAAC-OS film is one of oxide semiconductor films including a plurality
of crystal parts, and most of the crystal parts 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. The density of defect states of the CAAC-OS film is lower than that of the
microcrystalline oxide semiconductor film. In a transmission electron microscopé
(TEM) image of the CAAC-OS film, a boundary between crystal parts, that is, a grain
boundary is not clearly observed. Thus, in the CAAC-OS film, a reduction in electron
mobility due to the grain boundary is less likely to occur.

[0223]

According to the TEM image of the CAAC-OS film observed in a direction

substantially parallel to a sample surface (cross-sectional TEM image), metal atoms are

arranged in a layered manner in the crystal parts. Each metal atom layer has a
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morphology reflected by a surface over which the CAAC-OS film is formed (hereinafter,
a surface over which the CAAC-OS film is formed is referred to as a formation surface)
or a top surface of the CAAC-OS film, and is arranged in parallel to the formation
surface or the top surface of the CAAC-OS film.

[0224]

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 ecjual to 5°. In addition, a térm “perpendicular” indicates that the angle

formed between two straight lines is greater than or equal to 80° and less than or equal

~ to 100°, and accordingly includes the case where the angle is greater than or equal to

85° and less than or equal to 95°.
[0225]

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

[0226] _

From the results of the cross-sectional TEM image and the plan TEM image,
alignment is found in the crystal parts in the CAAC-OS film.
[0227] '

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
InGaZnOs 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.

[0228]
On the other hand, when the CAAC-OS film is analyzed by an in-plane method
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in which an X-ray enters a sample in a direction substantially perpendicular to the c-axis,
a peak appears frequently when 26 is around 56°.  This peak is derived from the (110)
plane of the InGaZnO, 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 26 fixed at around 56°. In the case where the sample is a single-crystal
oxide semiconductor film of InGaZnQO,, six peaks appear. The six peaks are derived
from crystal planes equivalent to the (110) plane. On the other hand, in the case ofa_
CAAC-OS film, a peak is not clearly observed even when ¢ scan is performed with 26

fixed at around 56°.
[0229]

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 cross-sectional TEM image corresponds to a plane parallel to the a-b
plane of the crystal.

[0230]

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.

[0231)]

Further, the degree of crystallinity in the CAAC-OS film is not necessarily
uniform. For example, in the case where crystal growth leading to the CAAC-OS film
occurs from the vicinity of the top surface of the film, the degree of the crystallinity in
the vicinity of the top surface is higher than that in the vicinity of the formation surface
in some cases. Further, when an impurity is added to the CAAC-OS film, the

crystallinity in a region to which the impurity is added is changed, and the degree of
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crystallinity in the CAAC-OS film varies depending on regions.

[0232]
Note that when the CAAC-OS film with an InGaZnO, crystal is analyzed by an

out-of-plane method, a peak of 26 may also be observed at around 36°, in addition to
the peak of 26 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 26 appears at around 31° and a peak of 28 do not

appear at around 36°.
[0233]

In a transistor using the CAAC-OS film, a change in electrical characteristics
due to irradiation with visible light or ultraviolet light is small. Thus, the transistor has
high reliability.

[0234]

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

[0235]

For the deposition of the CAAC-OS film, the following conditions are
preferably used.
[0236]

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

[0237]

By increasing the substrate heating temperature during the deposition,

migration of a sputtered particle occurs after the sputtered particle reaches the substrate.

Specifically, the substrate heating temperature during the deposition is higher than or
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equal to 100 °C and lower than or equal to 740 °C, preferably higher than or equal to
200 °C and lower than or equal to 500 °C. When the substrate heating temperature
during the deposition is increased and flat-plate-like or pellet-like sputtered particles
reach the substrate, migration occurs on the substrate, so that a flat plane of each
sputtered particle is attached to the substrate.

[0238]

Furthermore, it is preferable that the proportion of oxygen in the deposition gas
be increased and the power be optimized in order to reduce plasma damage at the
deposition. The proportion of oxygen in the deposition gas is higher than or equal to
30 vol%, preferably 100 vol%.

[0239]

As an example of the target, an In-Ga-Zn-based oxide target is described

" below.

[0240]

The In-Ga-Zn-based oxide target, which is polycrystalline, is made by mixing
InOy powder, GaOy powder, and ZnOz powder in a predetermined molar ratio, applying
pressure, and performing heat treatment at a temperature higher than or equal to 1000
°C to and lower than or equal to 1500 °C. Note that X, Y, and Z are each a given
positive number. Here, the predetermined molar ratio of InOy powder to GaOy powder
and ZnO; powder is, for example, 2:1:3, 2:2:1, 8:4:3, 3:1:1, 1:1:1, 4:2:3, or 3:1:2. The
kinds of powder and the molar ratio for mixing powder may be determined as
appropriate depending on the desired target.

[0241]

An alkali metal is not an element included in an oxide semiconductor and thus »
is an impurity. Also, alkaline earth metal is an impurity in the case where the alkaline
earth metal is not a component of the oxide semiconductor.  Alkali metal, in particular,
Na becomes Na* when an insulating film in contact with the oxide semiconductor film
is an oxide and Na diffuses into the insulating film. Further, in the oxide
semiconductor film, Na cuts or enters a bond between metal and oxygen which are

components of the oxide semiconductor. As a result, the electrical characteristics of

‘the transistor deteriorate, for example, the transistor is placed in a normally-on state
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because of a negative shift of the threshold voltage or the mobility is decreased. In
addition, the characteristics of transistors vary. Specifically, the Na concentration
measured by secondary ion mass spectrometry is preferably 5 x 10'® /em® or lower,
further preferably 1 x 10" /em® or lower, still further preferably 1 x 10" /em® or lower.
Similarly, the measured Li concentration is preferably 5 x 10" /em® or lower, further

> or lower. Similarly, the measured K concentration is

preferably 1 x 10" /em
preferably 5 x 10'° /em® or lower, further preferably 1 x 10" /em? or lower.
[0242]

In the case where metal oxide containing indium is used, silicon or carbon
having higher bond energy with oxygen than indium might cut the bond between
indium and oxygen, so that an oxygen vacancy may be formed. Accordingly, when
silicon or carbon is contained in the oxide semiconductor film, the electric
characteristics of the transistor are likely to deteriorate as in the case of using alkali
metal or alkaline earth metal. Thus, the concentrations of silicon and carbon in the
oxide semiconductor film are preferably low. Specifically, the C concentration or the
Si concentration measured by sécondary ion mass spectrometry is preferably less than
or equal to 1 x 10" /cm®.  In this case, the deterioration of the electric characteristics
of the transistor can be prevented, so that the reliability of a semiconductor device can
be improved.

[0243]

A metal in the source and drain electrodes might extract oxygen from the oxide
semiconductor film depending on a conductive material used for the source and drain
electrodes. In such a case, regions of the oxide semiconductor film in contact with the
source and drain electrodes become n-type regions because of the formation of an
oxygen vacancy.

[0244]

The n-type regions serves as source and drain regions, resulting in a decrease in
the contact resistance between the oxide semiconductor film and the source electrode or
the drain electrode. Accordingly, the formation of the n-type regions increases the
mobility and the on-state current of the transistor, which achieves high-speed operation

of a semiconductor device using the transistor.
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[0245]
Note that the extraction of oxygen by a metal in the source and drain electrodes
is probably caused when the source and drain electrodes are formed by a sputtering

method or when heat treatment is performed after the formation of the source and drain

electrodes.

[0246]

The n-type regions are more likely to be formed when the source and drain
electrodes are formed using a conductive material that is easily bonded to oxygen.
Examples of such a conductive material include Al, Cr, Cu, Ta, Ti, Mo, and W.

[0247]

The oxide semiconductor film is not limited to a single-layer metal oxide film
and may have a stacked structure of a plurality of metal oxide films. In a
semiconductor film in which first to third metal oxide films are stacked in this order, for
exalﬁple, the first metal oxide film and the third metal oxide film are each an oxide fiim
that contains at least one of the metal elements contained in the second metal oxide film
and whose conduction band minimum is closer to the vacuum level than that of the
second metal oxide film by higher than or equal to 0.05 ¢V, 0.07 eV, 0.1 eV, or 0.15 eV
and lower than or equalto 2 eV, 1 eV, 0.5 eV, or 0.4 eV.  Furthermore, the second metal
oxide film preferably contains at least indium, in which case the carrier mobility of the
second metal oxide film is increased.

[0248]

In the transistor including the above oxide semiconductor film, when a voltage

_is applied to the gate electrode so that an electric field is applied to the semiconductor

film, a channel region is formed in the second metal oxide film whose conduction band
minimum is small in the semiconductor film. That is, since the third metal oxide film
is provided between the second metal oxide film and the gate insulating film, a channel
region can be formed in the second metal oxide film which is insulated from the gate
insulating film.
[0249]

Since the third metal oxide film contains at least one of the metal elements
contained in the second metal oxide film, interface scattering is unlikely to occur at the

interface between the second metal oxide film and the third metal oxide film. Thus,
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the movement of carriers is unlikely to be inhibited at the interface, resulting in an
increase in the field-effect mobility of the transistor.
[0250]

When an interface level is formed at the interface between the second metal
oxide film and the first metal oxide film, a channel region is formed also in the vicinity
of the interface, which causes a change in the threshold voltage of the transistor.

However, since the first metal oxide film contains at least one of the metal elements

‘contained in the second metal oxide film, an interface level is unlikely to be formed at

the interface between the second metal oxide film and the first metal oxide film.
Accordingly, the above structure can reduce variations in the electrical characteristics of
the transistor, such as the threshold voltage.

[0251]

Further, a plurality of metal oxide films are preferably stacked so that an
interface level that inhibits carrier flow is not formed at the interface between the metal
oxide films due to an impurity existing between the metal oxide films. This is because
when an impurity exists between the stacked metal oxide films, the continuity of the
conduction band minimum between the metal oxide films is lost, and carriers are
trapped or disappear by recombination in the vicinity of the interface. By reducing an
impurity existing between the films, a continuous junction (here, particularly a U-shape
well structure whose conduction band minimum is changed continuously between the
films) is formed more easily than the case of merely stacking a plurality of metal oxide
films that contain at least one common metal as a main component.

[0252] '

In order to form such a continuous junction, the films need to be stacked
successively without being exposed to the air by using a multi-chamber deposition
system (sputtering system) provided with a load lock chamber. Each chamber of the
sputtering apparatus is preferably evacuated to a high vacuum (from 5 x 1077 Pa to ca. 1
x 10~ Pa) by an adsorption vacuym pump such as a cryopump so that water and the like
écting as impurities for the oxide semiconductor are removed as much as possible.
Alternatively, a turbo molecular pump and a cold trap are preferably used in

combination to prevent backflow of gas into the chamber through an evacuation system.
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[0253]

To obtain a highly purified intrinsic oxide semiconductor, not only high
vacuum evacuation of the chambers but also high puri'ﬁéation of a gas used in the
sputtering ts important. When an oxygen gas or an argon gas used as the sputtering
gas has a dew point of —40 °C or lower, preferably —80 °C or lower, further preferably
—100 °C or lower and is highly purified, moisture and the like can be prevented from
entering the oxide semiconductor film as much as possible. Specifically, when the
second metal oxide film is an In-M-Zn oxide film (M is Ga, Y, Zr, La, Ce, or Nd) and a

target having an atomic ratio of metal elements of In: M: Zn = x: y,: z; is used to form

" the second metal oxide film, x,/y) ranges preferably from 1/3 to 6, further preferably

from 1 to 6, and z,/y, ranges preferably from 1/3 to 6, further preferably from 1 to 6.
Note that when z,/y, ranges from 1 to 6, a CAAC-OS film is likely to be formed as the
second metal oxide film. Typical examples of the atomic ratio of the metal elements in
the target are In: M: Zn = 1:1:1, In: M: Zn = 1:1:1.2, and In: M: Zn = 3:1:2.

[0254]

Specifically, when the first and third metal oxide films are each an In-M-Zn
oxide film (M is Ga, Y, Zr, La, Ce, or Nd) and a targét used for depositing the first and
third metal oxide films has an atomic ratio of metal elements of In: M: Zn = xy:y5:25
x2/y2 < xi/yy is satisfied and zyy, ranges preferably from 1/3 to 6, further preferably from
1 to 6. Note that when zy/y; ranges from 1 to 6, CAAC-OS films are likely to be
formed as the first and third metal oxide films. Typical examples of the atomic ratio of
the metal elements of the target are In: M: Zn = 1:3:2, In: M: Zn = 1:3:4, In: M: Zn =
1:3:6, In: M: Zn = 1:3:8, and the like.

[0255]

The first and third metal oxide films each have a thickness of 3 nm to 100 nm,
preferably 3 nm to 50 nm. The second metal oxide film has a thickness of 3 nm to 200
nm, preferably 3 nm to 100 nm, further preferably 3 nm to 50 nm.

[0256] .

In the three-layer semiconductor film, each of the first to third metal oxide
films can be amorphous or crystalline. Note that the second metal oxide film in which

a channel region is formed is preferably crystalline, in which case the transistor can
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have stable electrical characteristics.

[0257]

Note that a channel formation region refers to a region of a semiconductor film
of a transistor that overlaps with a gate electrode and is located between a source
electrode and a drain electrode. Further, a channel region refers to a region through
which current mainly flows in the channel formation region.

[0258]
For example, when an In-Ga-Zn-based oxide film formed by a sputtering

method is used as each of the first and third metal bxide films, the first and third metal

oxide films can be deposited with use of an In-Ga-Zn-based oxide target containing In,

Ga, and Zn in an atomic ratio of 1:3:2. The deposition conditions can be as follows,
for example: an argon gas (flow rate: 30 sccm) and an oxygen gas (flow rate: 15 scem)
are used as the deposition gas; the pressure is 0.4 Pa; the substrate temperature is 200
°C; and the DC power is 0.5 kW.

[0259]

Further, when the second metal oxide film is a CAAC-OS film, the second
metal oxide film is preferably deposited with use of a polycrystalline In-Ga-Zn-based
oxide target containing In, Ga, and Zn in an atomic ratio of 1:1:1. The deposition
conditions can be as follows, for example: an argon gas (flow rate: 30 sccm) and an
oxygen gas (flow rate: 15 sccm) are used as the deposition gas; the pressure is 0.4 Pa;
the vsubstrate temperature is 300 °C; and the DC péwer is 0.5 kW.

[0260]

Note that the end portion of the semiconductor film included in the transistor
may be inclined or may be rounded.
[0261]

Also in the case where a semiconductor film including stacked metal oxide
films is used in the transistor, a region in contact with the source electrode or the drain
electrode can be an n-type region. Such a structure increases the mobility and the
on-state current of the transistor and achieves high-speed operation of a semiconductor
device using the transistor. Furthermore, when the semiconductor film including the

stacked metal oxide films is used in the transistor, the n-type region particularly
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preferably reaches the second metal oxide film part of which is to be a channel region,
because the mobility and the on-state current of the transistor are further increased and
higher-speed operation of the semiconductor device is achieved.
[0262]
<Manufacturing method> |

Next, an example of a method for manufacturing a semiconductor display
device of one embodiment of the present invention is described with reference to FIGS.
11A and 11B, FIGS. 12A and 12B, FIGS. 13A and 13B, and FIGS. 14A and 14B. A
liquid crystal display device is described as an example of the semiconductor display
device. Note that in FIGS. 11A and 11B, FIGS. 12A and 12B, FIGS. 13A and 13B,
and FIGS. 14A and 14B, description is given of a method for manufacturing an element
substrate including the transistor 56 in FIG. 5 included in the pixel 55 and the transistor
20 in FIGS. 2A to 2C included in a driver circuit.
[0263]

As illustrated in FIG. 11A, a conductive film is formed over the substrate 31

and then, the shape of the conductive film is processed (patterning) by etching, for

~ example, whereby the conductive films 21 and 40 are formed.

[0264]

As the substrate 31, a substrate having heat resistance high enough to withstand
a later manufacturing step is preferable. Examples of the substrate include a glass
substrate, a quartz substrate, a ceramic substrate, and a sapphire substrate.

[0265]

Each of the conductive films 21 and 40 may be formed using a single layer or a
stacked layer of a conductive film containing one or more kinds selected from
aluminum, titanium, chromium, cobalt, nickel, copper, yttrium, zirconium, molybdenum,
ruthenium, silver, tantalum, and tungsten. For example, the conductive films 21 and
40 may be a single-layer tungsten film or a conductive film in which a copper film is
stacked over a tungsten nitride film. In this embodiment, a 200-nm-thick tungsten film
is used as the conductive film 21 and the conductive film 40.

[0266]
Next, as illustrated in FIG. 11B, the insulating film 22 is formed to cover the

conductive film 21 and the conductive film 40 and then, the oxide semiconductor film
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23, the oxide semiconductor film 41, and an oxide semiconductor film 42a are formed
over the insulating film 22. Note that the oxide semiconductor film 23 is formed to
overlap with the conductive film 21, and the oxide semiconductor film 41 is formed to
overlap with the conductive film 40.

[0267]

The insulating film 22 may be formed using a single layer or a stacked layer of
an insulating film containing one or more kinds of aluminum oxide, magnesium oxide,
silicon oxide, silicon oxynitride, silicon nitride oxide, silicon nitride, gallium oxide,
germanium oxide, yttrium-oxide, zirconium oxide, lanthanum oxide, neodymium oxide,

hafnium oxide, and tantalum oxide.

 [0268]

Note that in this specification, oxynitride contains more oxygen than riitrogen,
and nitride oxide contains more nitrogen than oxygen.
[0269]

For example, in the case where the insulating film 22 has a two-layer structure,
a silicon nitride film and a silicon oxide film may be used as the first layer and the
second layer, respectively. A silicon oxynitride film may be used as the second layer
instead of the silicon oxide film. A silicon nitride oxide film may be used as the first
layer instead of the silicon nitride film. In this embodiment, a 400-nm-thick silicon
nitride film and a 50-nm-thick silicon oxynitride film are stacked in this order to be used
as the insulating film 22.

[0270] ,

As the silicon oxide film, a silicon oxide film with a low defect density is
preferably used. Specifically, a silicon oxide film which has a spin density of 3 x 10"’
spins/cm3 or less, preferably 5 x 10" spins/cm3 or less corresponding to a signal at a
g-factor of 2.001 in electron spin resonance (ESR) spectroscopy is used. As the silicon
oxide film, a silicon oxide film having excess oxygen is preferably used. As the
silicon nitride film, a silicon nitride film from which a small amount of hydrogen and
ammonia is released is used. The amount of released hydrogen and ammonia can be
measured by thermal desorption spectroscopy (TDS).

[0271]
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An oxide semiconductor film can be used as the oxide semiconductor film 23,
the oxide semiconductor film 41, and the oxide semiconductor film 42a. When the
oxide semiconductor film used as the oxide semiconductor films 23 and 41 contains a
large amount of hydrogen, the hydrogen and the oxide semiconductor are bonded to
each other, so that part of the hydrogen becomes donors and generates electrons serving
as carriers.  As a result, the threshold voltages of the transistor 20 and the transistor 56
are each shifted in a negative direction. Therefore, it is preferable that, after forming
the oXide semiconductor film, dehydration treatment (dehydrogenation treatment) be
performed to remove hydrogen or moisture from the oxide semiconductor film so that
the oxide semiconductor film contains impurities as little as possible.

[0272] |

In this embodiment, a 35-nm-thick In-Ga-Zn-based oxide semiconductor film
formed using a target containing a metal oxide including metal elements of In, ’Ga, and
Zn in an atomic ratio of 3:1:2 is used as the oxide.semicornductor films 23, 41, and 42a.
[0273]

The thickness of the oxide semiconductor films 23, 41, and 42a are each

preferably greater than or equal to | nm and less than or equal to 100 nm, more

preferably greater than or eqﬁal to I nm and less than or equal to 50 nm, still more
preferably greater than or equal to | nm and less than or equal to 30 nm, further
preferably greater than or equal to 3 nm and less than or equal to 20 nm.

[0274]

Note that oxygen in the oxide semiconductor film is also reduced by the
dehydration treatment (dehydrogenation treatment) in some cases. Therefore, it is
preferable that oxygen be added to the oxide semiconductor film to fill oxygen
vacancies increased by the dehydration treatment (dehydrogenation treatment).

[0275] |

In this manner, hydrogen or moisture is removed from the oxide semiconductor
film by the dehydration treatment (dehydrogenation treatment) and oxygen vacancies
therein are filled by oxygen adding treatment, whereby the oxide semiconductor film
can be turned into an i-type (intrinsic) oxide semiconductor film or a substantially i-type
(intrinsic) oxide semiconductor film which is extremely close to an i-type oxide

semiconductor film.
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[0276]

Next, a conductive film is formed over the oxide semiconductor film 23, the
oxide semiconductor film 41, the oxide semiconductor film 42a, and the insulating film
22 and then, the conductive film is processed by etching, for example, whereby the
conductive film 24 and the conductive film 25 that are in contact with the oxide
semiconductor film 23, and the conductive film 43 and the conductive film 44 that afe
in contact with the oxide semiconductor film 41 are formed (see FIG. 12A). The

conductive films 24 and 25 and the conductive films 43 and 44 can be formed using the

~ same conductive material as the conductive films 21 and 40.

[0277]

In this embodiment, a 50-nm-thick tungsten film, a 400-nm-thick aluminum
film, and a 200-nm-thick titanium film are stacked in this order to be used as each of the
conductive films 24, 25, 43, and 44.

[0278]

Then, an oxide film or an insulating film is formed to cover the substrate 31.

FIG. 12B illustrates an example in which the insulating film 26 and the insulating film

27 are stacked in order.
[0279]

The insulating film 27 is preferably formed without exposure to the atmosphere
following the formation of the insulating film 26. After the insulating film 26 is
formed, the insulating film 27 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 at the interface
between the insulating film 26 and the insulating film 27 can be reduced and oxygen in
the insulating film 27 can be moved to the oxide semiconductor film 23 and the oxide
semiconductor film 41; accordingly, the number of oxygen vacancies in the oxide
semiconductor film 23 and the oxide semiconductor film 41 can be reduced.

[0280]

As the insulating film 26, 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-enhanced CVD apparatus that is vacuum-evacuated is held at 180 °C or higher
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and 400 °C or lower, preferably 200 °C or higher and 370 °C or lower, the pressure in
the treatment chamber is 30 Pa or higher and 250 Pa or lower, preferably 40 Pa or
higher and 200 Pa or lower with introduction of a source gas into the treatment chamber,
and high-frequency power is supplied to an electrode provided in the treatment
chamber.

[0281]

A deposition gas containing silicon and an oxidizing gas are preferably used as
the source gases of the insulating film 26. 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.

[0282]

With the use of the above conditions, an oxide insulating film through which
oxygen is passed can be formed as the insulating film 26. By providing the insulating
film 26, damage to the oxide semiconductor films 23, 41, and 42a can be reduced in a
step of forming the insulating film 27 which is formed later.

[0283]

Note that by setting the ratio of the amount of the oxidizing gas to the amount
of the deposition gas containing silicon 100 or higher, the hydrogen content in the
insulating film 26 can be reduced and the dangling bonds contained in the insulating
film 26 can be reduced. Oxygen moving from the insulating film 27 is céptured by the
dangling bonds contained in the insulating film 26 in some cases; thus, oxygen
contéined in the insulating film 27 can move to the oxide semiconductor films 23 and
41 efficiently to fill the oxygen vacancies in the oxide semiconductor films 23 and 41.
As a result, the amount of hydrogen entering the oxide semiconductor films 23 and 41
can be reduced, and oxygen vacancies in the oxide semiconductor films 23 and 41 can
be reduced. Consequently, a negative shift in the threshold voltage of the transistors
20 and 56 can be reduced, and off-state current of the transistors 20 and 56 can be
reduced; accordingly, the electrical characteristics of the transistors can be improved.
[0284]

In this embodiment, as the insulating film 26, a 50-nm-thick silicon oxynitride

film is formed by a plasma CVD method under the following conditions: silane with a
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flow rate of 20 sccm and dinitrogen monoxide with a flow rate of 3000 sccm are used as
the source gases, the pressure in the treatment chamber is 200 Pa, the substrate
temperature is 350 °C, and a high-frequency power of 100 W is supplied to parallel
plate electrodes with a high-frequency power supply of 27.12 MHz. Note that a
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 1.6 x 107 W/cm?  Under the above conditions, a silicon
oxynitride film that passes oxygen can be formed.

[0285]

As the insulating film 27, a silicon oxide film or a silicon oxynitride film is
formed undér the following conditions: the substrate placed in a treatment chamber of
the plasma-enhanced CVD apparatus that is vacuum-evacuated is held at 180 °C or
higher and 260 °C or lower, preferably 180 °C or higher and 230 °C or lower, the
pressure is 100 Pa or higher and 250 Pa or lower, preferably 100 Pa or higher and 200
Pa or lower with introduction of a source gas into the treatment chamber, and a
high-frequency power of 0.17 W/em? or higher and 0.5 W/ecm? or lower, preferably 0.25
W/cm? or higher and 0.35 W/em? or lower is supplied to an electrode provided in the
treatment chamber.

[0286]

As for the formation conditions of the insulating film 27, the high-frequency
power having the above power density is supplied to the treatment chamber having the
above pressure, whereby the decomposition efficiency of the source gas in plasma is
increased, oxygen radicals are increased, and oxidation of the source gas proceeds;
therefore, the oxygen content in the insulating film 27 is higher than that in the
stoichiometric composition. However, in the case where the substrate temperature is
within the above temperature range, the bond between silicon and oxygen is weak, and
accordingly, part of oxygen is released by heating. '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.
Since the insulating film 26 is provided over the oxide semiconductor films 23, 41, and

42a, the insulating film 26 has a function of protecting the oxide semiconductor films 23,
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41, and 42a in the step of forming the insulaﬁng film 27. Consequently, the inbsulating
film 27 can be formed using the high-frequency power having a high power density
while damage to the oxide semiconductor films 23, 41, and 42a is reduced.

[0287]

In this embodiment, as the insulating film 27, a 400-nm-thick silicon oxynitride
film is formed by a plasma CVD method under the following conditions: silane with a
flow rate of 160 sccm is 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 parallel plate electrodes with a high-frequency power supply of 27.12 MHz.
Note that a 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 2.5 x 107" W/cm?,

[0288]

Next, oxygen vacancies in the oxide semiconductor film 23 and the oxide
semiconductor film 41 are preferably filled by performing heat treatment at least after
the insulating film 27 is formed to move oxygen contained in the insulating film 26 or
the insulating film 27 to the oxide semiconductor film 23 and the oxide semiconductor
film 41. Note that the heat treatment can be performed as heat treatment for
dehydration or dehydrogenation of the oxide semiconductor films 23 and 4I.
Specifically, in this embodiment, the heat treatment is performed at 350 °C for 1 hour in
an atmosphere of nitrogen and oxygen.

[0289]

Through the series of steps, the transistor 20 and the transistor 56 are formed.
[0290]

Next, as illustrated in FIG. 13A, the insulating film 26 and the insulating film
27 are partly etched to form the opening 58. In the opening 58, the oxide
semiconductor film 42a is exposed partly or entirely.

[0291]

Then, the nitride insulating film 28 and the insulating film 29 are stacked in

this order over the insulating films 26 and 27 to cover the opening 58. The nitride

insulating film 28 is in contact with the oxide semiconductor film 42a in the opening 58.
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[0292]

For the nitride insulating film 28, silicon nitride, silicon nitride oxide,
aluminum nitride, or aluminum nitride oxide can be used, for example. In comparison
with an oxide insulating film such as a silicon oxide film and an aluminum oxide fiim,
the nitride insulating film 28 containing any of the above materials can further prevent
impurities from outside, such as water, alkali metal, and alkaline-earth metal, from
being diffused into the oxide semiconductor films 23 and 41. The nitride insulating
film 28 is formed to be in contact with the oxide semiconductor film 42a in the opening
58, which enables the conductivity of the oxide semiconductor film 42a to be increased.
In FI1G. 13B, the oxide semiconductor film 42a having the increased cohducﬁvity is
illustrated as the metal oxide film 42. |
[0293]

In one embodiment of the present invention, as the nitride insulating film 28, a
100-nm-thick silicon nitride film is formed by a plasma CVD method under the
following conditions: 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 a source gas; the
pressure in the treatment chamber is 100 Pa; the substrate temperature is 350.°C; and
high-frequency power of 1000 W (the power density was 1.6 x 107" W/em®) is supplied
to parallel-plate electrodes with a high-frequency power supply of 27.12 MHz.

[0294]

As the insulating film 29, an insulating film which has a lower dielectric
constant and smaller internal stress than the nitride insulating film 28 is preferably used.
Specific examples of the insulating film 29 include a silicon oxide film, a silicon
oxynitride film, and an aluminum oxide film.

[0295]

For example, a silicon oxide film formed by a CVD method using an
organosilane gas can also be used as the insulating film 29. Examples of the
organosilane gas include tetraethoxysilane (TEOS, chemical formula: Si(OC,Hs),),
tetramethylsilane (TMS, chemical formula: Si(CHs)4), tetramethylcyclotetrasiloxane
(TMCTS), octamethylcyclotetrasiloxane (OMCTS), hexamethyidisilazane (HMDS),

triethoxysilane (chemical formula: SiH(OC,Hs)3), trisdimethylaminosilane (chemical
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formula: SiH(N(CHj3),)3) and the like.
[0296]

In this embodiment, a 200-nm-thick silicon oxide film formed by a CVD
method using tetraethoxysilane is used as the insulating film 29.
[0297]

Next, as illustrated in FIG. 14A, the nitride insulating film 28 and the
insulating film 29 are partly etched to form the opening 62. In the opening 62, at least

part of the conductive film 44 is exposed.

- [0298]

Next, as illustrated in FIG. 14B, a transparent conductive film is formed over
the insulating film 29 and the shape thereof is processed by etching, for example,
whereby the conductive films 30 and 45 are formed. The conductive film 30 overlaps
with the conductive film 21 with the oxide semiconductor film 23 sandwiched
therebetween. The conductive film 45 is electrically connected to the conductive film
44 in the opening 62.

[0299]

As the transparent conductive film used for forming the conductive film 21 and

- the conductive film 45, a conductive film containing the following can be used: indium

oxide containing tungsten oxide, indium zinc oxide containing tungsten oxide, indium
oxide containing titanium oxide, indium tin oxide containing titanium oxide, indium tin
oxide, indium zinc oxide, zinc oxide, zinc oxide to which gallium is added, or indium
tin oxide to which silicon oxide is added.

[0300]

In this embodiment, a 100-nm-thick conductive film containing indium tin
oxide to which silicon oxide is added is used, for example, to form the conductive film
21 and the conductive film 45.

[0301]

Heat treatment may be performed after the conductive film 21 and the
conductive film 45 are formed. The heat treatment is performed at 250 °C under a
nitrogen atmosphere for 1 hour, for example.

[0302]

Next, the alignment film 52 is formed over the conductive film 45 as illustrated
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in FIG. 5. Thus, the element substrate can be formed.
[0303] |

The alignment film 52 can be formed using an organic resin such as polyimide
or polyvinyl alcohol. Alignment treatment such as rubbing is performed on a surface
of the alignment film 52 in order to align liquid crystal molecules in a certain direction.
A roller wrapped with cloth of nylon or the like is rolled in a certain direction while
being in contact with the alignment film 52 so that the surface of the alignment film 52
can be rubbed. Note that it is also possible to form the alignment film 52 that has
alignment characteristics with the use of an inorganic material such as silicon oxide by
deposition, without alignment treatment.

[0304]

After the element substrate and a counter substrate are formed, the liquid
crystal layer 53 is sealed between the substrate 31 and the substrate 46 as illustrated in
FIG. 5; thus, a panel of the liquid crystal display device is completed. Injection of
iiquid crystal for forming the liquid crystal layer 53 may be performed by a dispenser
method (dripping method) or a dipping method (pumping method).

[0305]
<Top view and cross-sectional view of semiconductor display device>

Next, the appearance of the semiconductor display device of one embodiment
of the present invention is described with reference to FIG. 15. FIG. 15 is a top view
of a liquid crystal display device in which a substrate 4001 and a substrate 4006 are
bonded to each other with a sealant 4005. FIG. 16 is a cross-sectional view along
dashed line C1-C2 in FIG. 15.

[0306]

The sealant 4005 is provided to surround a pixel portion 4002 and a pair of
driver circuits 4004 provided over the substrate 4001. The substrate 4006 is provided
over the pixel portion 4002 and the driver circuits 4004. Thus, the pixel portion 4002
and the driver circuits 4004 are sealed by the substrate 4001, the sealant 4005, and the
substrate 4006.

[0307]
A driver circuit 4003 is mounted in a region which is differeﬁt from a region

surrounded by the sealant 4005 over the substrate 4001.
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[0308]

A plurality of transistors are included in the pixel portion 4002 and the driver
circuits 4004 provided over the substrate 4001. FIG. 16 illustrates a transistor 4010
included in the pixel portion 4002.  An insulating film 4020 formed of insulating films
which includes a nitride insulating film is provided over the transistor 4010, and a pixel
electrode 4021 is provided over the insulating film 4020. The transistor 4010 is
connected to the pixel electrode 4021 in an opening provided in the insulating film
4020.
[0309]

A resin film 4059 is provided on the substrate 4006, and a common electrode
4060 is formed on the resin film 4059. Between the substrate 4001 and the substrate
4006, a liquid crystal layer 4028 is prbvided to be sandwiched between the pixel
electrode 4021 and the common electrode 4060. A liquid crystal element 4023
includes the pixel electrode 4021, the common electrode 4060, and the liquid crystal
layer 4028.

[0310]

The transmittance of the liquid crystal element 4023 changes when the
alignment of liquid crystal molecules included in the liquid crystal layer 4028 changes
in accordance with the level of voltage applied between the pixel electrode 4021 and the
common electrode 4060. Accordingly, when the transmittance of the liquid crystal
element 4023 is controlled by the potential of an image signal supplied to the pixel
electrode 4021, gray-scale images can be displayed.

[0311]

‘As illustrated in FIG. 16, in one embodiment of the present invention, the
insulating film 4020 is removed at an end portion of the panel. In the region where the
insulating film 4020 is removed, a conductive film 4050 is formed. The conductive
film 4050 and a conductive film serving as a source and a drain of the transistor 4010
can be formed by etching one conductive film.

[0312]

A resin film 4062 in which a conductive particle 4061 is dispersed is provided

between the substrate 4001 and the substrate 4006. The conductive film 4050 is

electrically connected to the common electrode 4060 through the conductive particle
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4061. That is, the common electrode 4060 and the conductive film 4050 are
electrically connected to each other through the conductive particle 4061 at the end
portion of the panel. The resin film 4062 can be formed using a thermosetting resin or
an ultraviolet curable resin. As the conductive particle 4061, a particle of a spherical
organic resin coated with thin-film metal of Au, Ni, Co, or other metals can be used, for
example.

[0313]

An alignment film is not illustrated in FIG. 16. In the case of providing an
alignment film on the pixel electrode 4021 and on the common electrode 4060, the
alignment film on the common electrode 4060 is partly removed and the alignment film
on the conductive film 4050 is partly removed; thus, electrical connection can be
obtained among the common electrode 4060, the conductive particle 4061, and the
conductive film 4050.

[0314]

Note that in the liquid crystal display device of one embodiment of the present
invention, a color image may be displayed by using a color filter or by sequentially
turning on a plurality of light sources emitting light with different hues.

[0315]

Image signals from the driver circuit 4003 and a variety of control signals and
potentials from an FPC 4018 are supplied to the driver circuits 4004 or the pixel portion
4002 through lead wirings 4030 and 403 1.

[0316]
<Structure example of electronic device using semiconductor device>

The semiconductor device of one embodiment of the present invention can be
used for display devices, personal computers, or image reproducing devices provided
with recording media (typically, devices which include displays, and can reproduce the
content of recording media such as digital versatile discs (DVDs) and display the
reproduced images). In addition, examples of electronic devices in which the

semiconductor device of one embodiment of the present invention can be used include

- cellular phones, game machines (including portable game machines), personal digital

assistants, e-book readers, cameras such as video cameras and digital still cameras,

goggle-type displays (head mounted displays), navigation systems, audio reproducing
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devices (e.g., car audio systems and digital audio players), copiers, facsimiles, printers,
multifuncﬁon printers, automated teller machines (ATMs), and vending machines.
Specific examples of these electronic devices are illustrated in FIGS. 18A to 18F.
[0317]

FIG. 18A illustrates a portable game machine, which includes a housing 5001,
a housing 5002, a display portion 5003, a display portion 5004, a microphone 5003,
speakers 5006, an operation key 5007, a stylus 5008, and the like. The semiconductor
device of one embodiment of the present invention can be used for the display portion

5003, the display portion 5004, or an integrated circuit in another portion. Note that

‘although the portable game machine in FIG. 18A has the two display portions 5003 and

5004, the number of display portions included in the portable game machine is not

limited thereto.

[0318]

FIG. 18B illustrates a personal digital assistant, which includes a first housing
5601, a second housing 5602, a first display portion 5603, a second display portion
5604, a joint 5605, an operation key 5606, and the like. The first display portion 5603
is provided in the first housing 5601, and the second display portion 5604 is provided in
the second housing 5602. The first housing 5601 and the second housing 5602 are
connected to each other with the joint 5605, and an angle between the first housing
5601 and the second housing 5602 can be changed with the joint 5605. Images on the
first display portion 5603 may be switched in accordance with the angle at the joint
5605 between the first housing 5601 and the second housing 5602. The semiconductor
device of one embodiment of the present invention can be used for the first display
portion 5603, the second display portion 5604, or an integrated circuit in another
portion.
[0319]

FIG. 18C illustrates a laptop personal computer, which includes a housing 5401,
a display portion 5402, a keyboard 5403, a pointing device 5404, and the like. The
semiconductor device of one embodiment of the present invention can be used for the
display portion 5402 or an integrated circuit in another portion.
[0320]

FIG. 18D illustrates a wristwatch, which includes a housing 5201, a display
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portion 5202, an operation button 5203, and a bracelet 5204. The semiconductor
device of one embodiment of the present invention can be used for the display portion
5202 or an integrated circuit in another portion.

[0321]

FIG. 18E illustrates a video camera, which includes a first housing 5801, a
second housing 5802, a display portion 5803, operation keys 5804, a lens 5805, a joint
5806, and the like. The operation keys 5804 and the lens 5805 are provided in the first
housing 5801, and the display portion 5803 is provided in the second housing 5802.
The first housing 5801 is connected to the second housing 5802 with the joint 5806, and
the angle between the first housing 5801 and the second housing 5802 can be changed
at the joint 5806. Images on the display portion 5803 may be switched in accordance
with the angle at the joint 5806 between the first housing 5801 and the second housing
5802. The semiconductor device of one embodiment of the present invention can be
used for the display portion 5803 or an integrated circuit in another portion.

[0322]

FIG. 18F illustrates a cellular phone. In the cellular phone, a display portion
5902, a microphone 5907, a speaker 5904, a camera 5903, an external connection
portion 5906, and an operation button 5905 are provided in a housing 5901. The
semiconductor device of one embodiment of the present invention can be used for the
display portion 5902 or an integrated circuit in another portion. When the
semiconductor device of one embodiment of the present invention is provided over a
flexible substrate, the semiconductor devicé can be used as the display portion 5902 |
having a curved surface, as illustrated in FIG. 18F.

[Example]
[0323]

In this example, examination results of the Vg—I; characteristics and the
reliabilities of formed transistors are described.
[0324]

[Formation of Samples]

In this example, samples 1 and 2 each of which is one embodiment of the

present invention, and a sample 3 for comparison were formed. Specifically, a

transistor having a structure corresponding to that illustrated in FIGS. 2A to 2C was
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formed as the sample 1, which is one embodiment of the present invention. A
transistor having a structure corresponding to that illustrated in FIGS. 19A to 19C was
formed as the sample 2, which is one embodiment of the present invention. As the
sample 3 for comparison, a transistor which has a structure similar to the structure
illustrated in FIGS. 2A to 2C, except that the conductive film 30 was not included was
formed. |
[0325]
[Sample 1]

First, a glass substrate was used as a substrate, and a gate electrode was formed
over the substrate.
[0326]

The gate electrode was formed in the following manner: a 200-nm-thick
tungsten film was formed by a sputtering method, a mask was formed over the tungsten
film by a photolithography process, and the tungsten film was partly etched with the use

of the mask.

[0327]

Next, a gate insulating film was formed over the gate electrode.
[0328] | ‘

As the gate insulating film, a stack including a 400-nm-thick silicon nitride
film and a 50-nm-thick silicon oxynitride film was used.

[0329]

| Note that the silicon nitride film was formed to have a three-layer structure of a
first silicon nitride film, a second silicon nitride film, and a third silicon nitride film.
[0330]

The first silicon nitride film was formed to have a thickness of 50 nrﬁ in the
following conditions: silane at a flow rate of 200 sccm, nitrogen at a flow rate of 2000
sccm, and an ammonia gas at a flow rate of 100 sccm were supplied to a treatment
chamber of a plasma CVD apparatus as a source gas; the pressure in the treatment
chamber was controlled.to 100 Pa, and power of 2000 W was supplied with the use of a
27.12 MHz high-frequency power source. The second silicon nitride film was formed
to have a thickness of 300 nm in the following conditions: silane at a flow rate of 200

sccm, nitrogen at a flow rate of 2000 sccm, and an ammonia gas at a flow rate of 2000
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sccm were supplied to the treatment chamber of the plasma CVD apparatus as a source
gas; the pressure in the treatment chamber was controlled to 100 Pa, and power of 2000

W was supplied with the use of a 27.12 MHz high-frequency power source. The third

- silicon nitride film was formed to have a thickness of 50 nm in the following conditions:

silane at a flow rate of 200 sccm and nitrogen at a flow rate of 5000 sccm were supplied
to the treatment chamber of the plasma CVD apparatus as a source gas; the pressure in
the treatment chamber was controlled to 100 Pa, and power of 2000 W was supplied
with the use of a 27.12 MHz high-frequency power source. Note that the first silicon
nitride film, the second silicon nitride film, and the third silicon nitride film were each
formed at a substrate temperature of 350 °C.

[0331]

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

[0332]

Next, an oxide semiconductor film was formed to overlap with the gate
electrode with the gate insulating film positioned therebetween.
[0333]

In this examplé, a 35-nm-thick oxide semiconductor film was formed over the
gate insulating film by a sputtering method.
[0334]

The oxide semiconductor film was formed in the following conditions: a
sputtering target containing In, Ga, and Zn at an atomic ratio of 1:1:1 was used; oxygen
at a flow rate of 100 sccm was supplied as a sputtering gas into a treatment chamber of a
sputtering apparatus; the pressure in the treatment chamber was controlled to 0.6 Pa;
and direct-current power of 5 kW was supplied. Note that the oxide semiconductor
film was formed at a substrate temperature of 170 °C.

[0335]
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Next, a source electrode and a drain electrode were formed in contact with the
oxide semiconductor film.
[0336]

First, a conductive film was formed over the gate insulating film and the oxide
semiconductor film. As the conductive film, a 400-nm-thick aluminum film was
formed over a 50-nm-thick tungsten film, and a 200-nm-thick titanium film was formed
over the aluminum film. Then, a mask was formed over the conductive film by a
photolithography process, and the conductive film was partly etched with the use of the
mask. Through the above steps, the source electrode and the drain electrode were
formed.

[0337]

Next, the substrate was transferred to a treatment chamber in a reduced

- pressure and heated at 350 °C. Then, the oxide semiconductor film was exposed to

oxygen plasma that was generated in a dinitrogen monoxide atmosphere by supply of a
high-frequency power of 150 W to an upper electrode in the treatment chamber with the
use of a 27.12 MHz high-frequency power source.

[0338]

After that, a protective film was formed over the oxide semiconductor film, the
source electrode, and the drain electrode. In this example, the protective film was
formed to have a three-layer structure of a first oxide insulatirig film, a second oxide
insulating film, and a nitride insulating film.

[0339]

The first oxide insulating film was formed by a plasma CVD method in the
following conditions: silane at a flow rate of 20 sccm and dinitrogen monoxide at a flow
rate of 3000 sccm were used as a source gas; the pressure in the treatment chamber was
200 Pa; the substrate temperature was 350 °C; and high-frequency power of 100 W was
supplied to parallel-plate electrodes.

[0340] |

The second oxide insulating film was formed by a plasma CVD method in the

following conditions: silane at a flow rate of 160 sccm and dinitrogen monoxide at a

flow rate of 4000 sccm were used as a source gas, the pressure in the treatment chamber
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was 200 Pa, the substrate temperature was 220 °C, and high-frequency power of 1500
W was supplied to the paraliel-plate electrodes. Under the above conditions, it is
possible to form a silicon oxynitride film which contains oxygen at a higher proportion
than the stoichiometric composition so that part of oxygen is released by heating.

[0341]

Next, heat treatment was performed to release water, nitrogen, hydrogen, and
the like from the first oxide insulating film and the second oxide insulating film and to
supply part of oxygen contained in the second oxide insulating film into the oxide
semiconductor film.. In this example, the heat treatment was performed at 350 °C in a
mixed atmosphere of nitrogen and oxygen for one hour.

[0342]

- Then, a 100-nm-thick nitride insulating film was formed over the second oxide
insulating film. The nitride insulating film was formed by a plasma CVD method in
the following conditions: silane at a flow rate of 50 sccm, nitrogen at a flow rate of
5000 sccm, and an ammonia gas at a flow rate of 100 sccm were used as a source gas,
the pressure in the treatment chamber was 100 Pa, the substrate temperature was 350 °C,
and high-frequency power of 1000 W was supplied to the parallel-plate electrodes.
[0343]

Subsequently, in a region where the oxide semiconductor film, the source
electrode, and the drain electrode were not provided, an opening that reaches the gate
electrode was formed in the gate insulating film and the protective film. The opening
was formed in the following manner: a mask was formed over the protective film by a
photolithography process, and the gate insulating film and the protective film were
partly etched using the mask.

[0344]

After that, a gate electrode was formed over the protective film. The gate
electrode was electrically connected to the gate electrode which is under the oxide
semiconductor film through the opening provided in the gate insulating film and the
protective film. Note that hereinafter, the gate electrode over the protective film is
called a back gate electrode.

[0345]
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In this example, as the back gate electrode, a 100-nm-thick conductive film of
an indium oxide—tin oxide compound (ITO-SiO;) containing silicon oxide was formed
by a sputtering method. Note that the composition of a target used for forming the
conductive film was In;O3:Sn0,:Si0; = 85:10:5 [wt%]. After that, heat treatment was

performed at 250 °C in a nitrogen atmosphere for one hour.

- [0346] _
Through the above process, the sample 1 of this example was formed.
[0347]
[Sample 2]

The sample 2 includes a protective film and a back gate electrode having
structures different from those in the sample 1. Specifically, the sample 2 has a
structure in which the back gate electrode covers side surfaces of a first oxide insulating
film and a second oxide insulating film in the channel width direction of the transistor.
[0348]

The formation process of the sample 2 is detailed. The first oxide insulating
film and the second oxide insulaﬁng film were formed, heat treatment was performed,
and then a mask was formed over the second oxide insulating film by a
photolithography process. Subsequently, the first oxide insulating film and the second
oxide insulating film were partly etched using the mask. The sample 2 was formed in
the same manner as the sample 1, except for the above; thus, the descriptions for the
sample 1 can be referred to.

[0349]
[Sample 3}

The sample 3 for comparison is different from the sample 1 in that a back gate
electrode is not included. '
[0350]

The sample 3 was formed using the above-described formation process of the
sample 1, excluding the step for forming the back gate electrode. The sample 3 was
formed in the same manner as the sample 1, except for the above; thus, the descriptions
for the sample 1 can be referred to.

[0351]
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Note that as each of the samples 1 to 3, three kinds of transistors were formed
in which channel widths # were 50 pum and channel lengths L were 2 pm, 3 um, and 6
um. The transistors as the samples | to 3 each had a channel width () of 50 um.
[0352]

[Ve—14 Characteristics]

Next, the initial Vg—I; characteristics of transistors, the samples 1 to 3 were
measured. In this example, changes in characteristics of current flowing between a
source electrode and a drain electrode (hereinafter referred to as drain current: 1), that is,
Ve—Is characteristics were measured in the following conditions: the substrate
temperature was 25 °C, the potential difference between the source and drain electrodes
(hereinafter also referred to as drain voltage: V) was | V or 10 V, and the potential
difference between the source and the back gate electrodes (hereinafter also referred to
as gate voltage: V) was changed from -15Vto 15 V.

[0353]

Here, the sample 1 and the sample 2 were driyen by a method in which gate
voltage is applied in a state where the gate electrode and the back gate electrode are
electrically short-circuited. In the dual-gate-driving, the gate electrode always has the
same gate voltage as the back gate electrode.

[0354]

FIGS. 26A to 26C show the Vy—/y characteristics of the sample 3. FIGS. 26A
to 26C show results of the transistors with channel lengths L of 2 pm, 3 um, and 6 um,
respectively. Similarly, FIGS. 27A to 27C show the V—I, characteristics of the sample
1 and FIGS. 28A to 28C show the Vg—1, characteristics of the sample 2.

[0355]

In each of FIGS. 26A to 26C, FIGS. 27A to 27C, and FIGS. 28A to 28C, the
lateral axis, the first longitudinal axis, and the second longitudinal axis represent gate
voltage V,, drain current I, and field-effect mobility, respectively. Here, to show
field-effect mobility in a saturation region, field-effect mobility calculated when V4= 10
V is shown.

[0356]
As shown in FIGS. 26A to 26C, the field-effect mobility hardly changes
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regardless of the channel length L in the sample 3 for comparison. It is shown that as
the channel length L becomes smaller and the drain voltage V; is increased, a shift in the
threshold voltage in a negative direction proceeds.

[0357]

As shown in FIGS. 27A to 27C, in any of the cases of channel lengths L, the
field-effect mobility of the sample 1, which is one embodiment of the present invention,
is improved in comparison with the samplé 3. In addition, the field-effect mobility is
further improved as the channel length L becomes smaller. Furthermore, even in the
case of the smallest channel length L (i.e., L =2 pm), a change in the threshold voltage
with respect to the drain voltage Vd in the sample [ is much smaller than that in the
sample 3.

[0358]
As shown in FIGS. 28A to 28C, in any of the cases of channel lengths L, the

field-effect mobility of the sample 2, which is one embodiment of the present invention,
is improved in comparison with the sample 3. In addition, the field-effect mobility is
further improved as the channel length L becomes smaller. Furthermore, even in the
case of the smallest channel length L (i.e., L =2 pm), a change in the threshold voltage
with respect to the drain voltage Vd in the sample 2 is much smaller than that in the
sample 3.

[0359]

Owing to the dual-gate driving, an electric field can be applied to an oxide
semiconductor where a channel is formed more effectively in the samples 1 and 2 than
in the sample 3; consequently, a change in the threshold voltage with respect to the drain
voltage V; can be small in each of the samples 1 and 2 even when the channel length L
is small. For the same reason, owing to the dual-gate driving, the samples 1 and 2 are
less likely to be affected by the drain voltage V, and the threshold voltage can be
further saturated in the saturation region.

[0360]

The above results suggest that in the semiconductor device of one embodiment

of the present invention, the field-effect mobility of a transistor is increased as the

channel length L becomes smaller, and the threshold voltage can have a favorable value
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even in the case of a small channel length L. The use of such a transistor enables a

semiconductor display device to have a narrower frame width.

EXPLANATION OF REFERENCE

[0361]

10: sequential circuit, 10_DUM: sequential circuit, 10_j: sequential circuit, 10 j—1:
Sequential‘ circuit, 10_y: sequential circuit, 10_1: sequential circuit, 10_8m: sequential
circuit, i circuit, 12: transistor, 13: transistor, 14: transistor, 15: transistor, 16;
transistor, 17: transistor, 20: transistor, 21: conductive film, 22: insulating film, 23:

oxide semiconductor film, 23a: oxide semiconductor film, 23b: oxide semiconductor

film, 23c: oxide semiconductor film, 24: conductive film, 25: conductive film, 26:

insulating film, 27: insulating film, 28: nitride insulating film, 29: insulating film, 30:
conductive film, 31: substrate, 32: opening, 32a: opening, 32b: opening, 34: conductive
film, 40: conductive film, 41: oxide semiconductor film, 42: metal oxide film, 42a:
oxide semiconductor film, 43: conductive film, 44: conductive film, 45: conductive film,
46: substrate, 47: shielding film, 48: coloring layer, 50: resin film, 51: alignment film,
52: alignment film, 53: liquid crystal layer, 55: pixel, 56: transistor, 57: capacitor, 58:
opening, 59: conductive film, 60: liquid .crystal element, 61: conductive film, 62:
opening, 70: semiconductor display device, 71: pixel portion, 72: driver circuit, 73:
driver circuit, 80: transistor, 81: transistor, 82: transistor, 83: transistor, 84: transistor,
85: transistor, 86: transistor, 90: buffer, 91: transistor, 92: transistor, 93: transistor, 95:
transistor, 96: transistor, 97: capacitor, 98: light-emitting element, 4001: substrate, 4002:
pixel portion, 4003: driver circuit, 4004: driver circuit, 4005: sealant, 4006: substrate,
4010: transistor, 4018: FPC, 4020: insulating film, 4021: pixel electrode, 4023: liquid
crystal element, 4028: liquid crystal layer, 4030: wiring, 4050: conductive film, 4059:
resin film, 4060: common electrode, 4061: conductive particle, 4062: resin film, 5001:
housing, 5002: housing, 5003: display portion, 5004: display portion, S005: microphone,
5006: speaker, S007: operation key, 5008: stylus, 5201: housing, 5202: display portion,
5203: operation button, 5204: bracelet, 5401: housing, 5402: display portion, 5403:
keyboard, 5404: pointing device, 5601: housing, 5602: housing, 5603: display portion,
5604: display portion, 5605: joint, 5606: operation key, 5801: housing, 5802: housing,
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5803: display portion, 5804: operation key, 5805: lens, 5806: joint, 5901: housing,
5902: display portion, 5903: camera, 5904: speaker, 5905: button, 5906: external

connection portion, and 5907: microphone.

This application is based on Japanese Patent Application serial no.
2013-119037 filed with Japan Patent Office on June 5, 2013, the entire contents of

which are hereby incorporated by reference.
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CLAIMS

1. A semiconductor device comprising:
a first insulating film comprising a nitride;
a driver circuit comprising:
~ a first transistor including a first gate, a second gate, a semiconductor
film between the first gate and the second gate, and a second insulating film comprising
a nitride between the second gate and the semiconductor film; and
a second transistor including a source and a drain one of which is
electrically connected to one of a source and a drain of the first transistor; and
a pixel portion comprising:
a third transistor;
a liquid crystal element comprising:
a first transparent conductive film electrically connected to
the third transistor;
a first conductive film; and
a liquid crystal layer between the first transparent conductive
film and the first conductive ﬁlm; and
a capacitor comprising:
the first transparent conductive film;
a second transparent conductive film; and
a third insulating film comprising a nitride between the first
transparent conductive film and the second transparent conductive film,
wherein a first portion of the first insulating film comprises the second
insulating film,
wherein a second portion of the first insulating film comprises the third
insulating film, and
wherein the first gate of the first transistor is electrically connected to the

second gate of the first transistor.

2. The semiconductor device according to claim 1, wherein each of a first

channel formation region of the first transistor, a second channel formation region of the
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second transistor and a third channel formation region of the third transistor comprises

an oxide semiconductor film.

3. The semiconductor device according to claim 2, wherein the oxide

semiconductor film comprises In, Zn and O.

4. The semiconductor device according to claim 1, wherein the first insulating
film comprises a gap between the first portion of the first insulating film and the second

portion of the first insulating film.

5. The semiconductor device according to claim 1, wherein the second

transparent conductive film comprises In, Zn and O.

6. The semiconductor device according to claim 2, wherein end portions of the
oxide semiconductor film of the first transistor overlap the first gate of the first

transistor and the second gate of the first transistor in a channel width direction.

7. The semiconductor device according to claim 1, wherein the first transistor

has a channel length greater than or equal to 0.5 pm, and less than or equal to 4.5 um.

8. A semiconductor device comprising:
a first insulating film comprising a nitride;
a driver circuit comprising:

a first transistor including a first gate, a second gate, a semiconductor
film between the first gate and the second gate, and a second insulating film comprising
a nitride between the second gate and the semiconductor film; and

a second transistor; and

a pixel portion comprising:

a third transistor;

a liquid crystal element comprising:

a first transparent conductive film electrically connected to

the third transistor;
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a first conductive film; and
a liquid crystal layer between the first transparent conductive
film and the first conductive film; and
a capacitor comprising:
the first transparent conductive film;
a second transparent conductive film; and
a third insulating film comprising a nitride between the first
transparent conductive film and the second transparent conductive film,
wherein a first portion of the first insulating film comprises the second
insulating film,
wherein a second portion of the first insulating film comprises the third
insulating film,
wherein the first gate of the first transistor is electrically connected to the
second gate of the first transistor,
wherein one of a source and a drain of the first transistor is configured to
receive a first potential, _
wherein one of a source and a drain of the second transistor is configured to
receive a second potential,
wherein the second potential is lower than the first potential, and
wherein the other of the source and the drain of the second transistor is

electrically connected to the other of the source and the drain of the first transistor.

9. The semiconductor device according to claim 8, wherein the one of the
source and the drain of the first transistor is configured to receive the first potential and

the second potential alternately.

10. The semiconductor device according to claim 8, wherein each of a first
channel formation region of the first transistor, a second channel formation region of the
second transistor and a third channel formation region of the third transistor comprises

an oxide semiconductor film.

11. The semiconductor device according to claim 10, wherein the oxide
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semiconductor film comprises In, Zn and O.

12. The semiconductor device according to claim 8, wherein the first insulating
film comprises a gap between the first portion of the first insulating film and the second

portion of the first insulating film.

13. The semiconductor device according to claim 8, wherein the second

transparent conductive film comprises In, Zn and O.

4. The semiconductor device according to claim 10, wherein end portions of
the oxide semiconductor film of the first tfansistor_ overlap the first gate of the first

transistor and the second gate of the first transistor in a channel width direction.

15. The semiconductor device according to claim 8, wherein the first transistor

has a channel length greater than or equal to 0.5 pm, and less than or equal to 4.5 pm.

16. A semiconductor device comprising:
a first insulating film comprising a nitride;
a driver circuit comprising:

a first transistor including a first gate, a second gate, a semiconductor
film between the first gate and the second gate, and a second insulating film comprising
a nitride between the second gate and the semiconductor film; and

a second transistor;

a pixel portion comprising:
| a third transistor;

a liquid crystal element comprising:

a first transparent, conductive film electrically connected to
the third transistor;.

a first conductive film; and

a .liquid crystal layer between the first transparent conductive
film and the first conductive film; and

a capacitor comprising:
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the first transparent conductive film;
a second transparent conductive film; and
a third insulating film comprising a nitride between the first
transparent conductive film and the second transparent conductive film; and |
a second conductive film,
wherein a first portion of the first insulating film comprises the second
insulating film,
wherein a second portion of the first insulating film comprises the third
insulating film,
wherein the first gate of the first transistor is electrically connected to the
second gate ‘of the first transistor,
wherein a first portion of the second conductive film comprises the second gate
of the first transistor,
wherein a second portion of the second conductive film comprises the first
transparent conductive film,
wherein one of a source and a drain of the first transistor is configured to
receive a first potential,
wherein one of a source and a drain of the second transistor is configured to
receive a second potential,
wherein the second potential is lower than the first potential, and
wherein the other of the source and the drain of the second transistor is

electrically connected to the other of the source and the drain of the first transistor.

17. The semiconductor device according to claim 16, wherein the one of the
source and the drain of the first transistor is configured to receive the first potential and

the second potential alternately.

18. The semiconductor device according to claim 16, wherein each of a first

channel formation region of the first transistor, a second channel formation region of the

-second transistor and a third channel formation region of the third transistor comprises

an oxide semiconductor film.
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19. The semiconductor device according to claim 18, wherein the oxide

semiconductor film comprises In, Zn and O.

20. The semiconductor device according to claim 18, wherein the first
5  insulating film comprises a gap between the first portion of the first insulating film and

the second portion of the first insulating film.

21. Theé semiconductor device according to claim 16, wherein the second

transparent conductive film comprises In, Zn and O.

10
22. The semiconductor device according to claim 18, wherein end portions of
the oxide semiconductor film of the first transistor overlap the first gate of the first
transistor and the second gate of the first transistor in a channel width direction.
15 23. The semiconductor device according to claim 16, wherein the first

transistor has a channel length greater than or equal to 0.5 um, and less than or equal to

4.5 pum.

24. The semiconductor device according to claim 16, wherein the second
20  conductive film comprises a gap between the first portion of the second conductive film

and the second portion of the second conductive film.
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