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(57) Abstract: A low-power storage device is
provided. The storage device includes a first tran-
sistor, a second transistor, a logic element, and a
semiconductor element. The second transistor con-
trols supply of a first signal to a gate of the first tran-
sistor. When the potential of a second signal to be
input is changed from a first potential into a second
potential lower than the first potential, the logic ele-
ment changes the potential of a first terminal of the
first transistor from a third potential lower than the
second potential into the first potential after the lo-
gic element changes the potential of the first termin-
al of the first transistor from the second potential
into the third potential. The semiconductor element
has a function of making a second terminal of the
first transistor floating. The first transistor includes a
channel formation region in an oxide semiconductor
film.
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DESCRIPTION
STORAGE DEVICE AND SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001]

One embodiment of the present invention relates to semiconductor devices.
For example, one embodiment of the present invention relates to storage devices and

semiconductor devices including the storage devices.

BACKGROUND ART
{0002]

A metal oxide having semiconductor characteristics called an oxide
semiconductor has attracted attention as a novel semiconductor. Transistors including
oxide semiconductors are under development. For example, Patent Document 1
discloses the structure of a themory element for retaining data in a node that becomes
floating by turning off such a transistor.

[Reference]
[0003]
Patent Document 1: Japanese Published Patent Application No. 2011-171702

DISCLOSURE OF INVENTION
[0004]

To evaluate the performance of a semiconductor device such as a storage
device, low power consumption and high-speed operation are important factors.
However, when power supply voltage is decreased to reduc‘e the power consumption of
the storage device, the on-state current of a transistor is decreased, so that the operation
speed of the storage device is also decreased. In other words, there is a tradeoff
between a reduction in power consumption and an increase in operation speed. In
view of the operation speed, it is impossible to decrease power supply voltage only for
reducing power consumption.

[0005]
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A high-level potential applied to a node in a memory cell of a storage device
through an n-channel trahsistor is decreased by the threshold voltage of the transistor.
Thus, when the power supply voltage of the storage device is decreased to reduce power
consumption, the potential of the node in the memory cell of the storage device
becomes too low, so that the logic level of a signal output from the memory cell is
changed. Consequently, data reliability is likely to be decreased.

[0006]

In view of the above technical background, it is an object of one embodiment
of the present invention to provide a low-power storage device in which operation speed
can be maintained. Alternatively, it is an object of one embodiment of the present
invention to provide a low-power storage device that can operate correctly.
Alternatively, it is an object of one embodiment of the present invention to provide a
low-power semiconductor device in which operation speed can be maintained.
Alternatively, it is an object of one embodiment of the present invention to provide a
low-power semiconductor device that can operate correctly.

[0007]

In one embodiment of the present invention, data is written to a storage device
by accumulating electric charge in a node through a first transistor. Supply of a first
signal to a gate of the first transistor is controlled by a second transistor. The first
transistor is turned on or off in accordance with the potential of the first signal.

[0008] |

In addition, in one embodiment of the present invention, when data is written to
the storage device, the potential of a second signal including the data is input to a logic
element having low current supply capability, and a potential output from the logic
element is supplied to one of a source and a drain of the first transistor. With such a
structure, when the potential of the second signal including the data is changed from a
first potential into a second potential that is lower than the first potential, the potential
of one of the source and the drain of the first transistor can be changed from a third
potential that is lower than the second potential into the first potential after the potential
of one of the source and the drain of the first transistor is changed from the second
potential into the third potential.

[0009]
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Furthermore, when data is written to the storage device, a potential that is
higher than a potential obtained by addition of the threshold voltage of the second
transistor to the second potential is supplied to a gate of the second transistor. When
the potential of one of the source and the drain of the first transistor is decreased ‘from
the second potential to the third potential in a state where the potential is supplied to the
gate of the second transistor, the second transistor is on; thus, the potential of the first
signal is supplied to the gate of the first transistor through the second transistor. When
the potential of one of the source and the drain of the first transistor is increased from
the third potential to the first potential in a state where the potential is supplied to the
gate of the second transistor, the second transistor is turned off; thus, the gate of the first
transistor becomes floating. With the increase in potential of one of the source and the
drain of the first transistor from the third potential into the first potential, because of
capacitance Cs formed between the source and the gate of the first transistor, the
potential of the gate of the first transistor is also increased.

[0010]

Thus, in the case where the potential of the first signal is high, the potential of
the gate of the first transistor can be increased by the above operation even when the
potential of the gate of the first transistor is decreased from the potential by the
threshold voltage of the second transistor. Accordingly, the first transistor can be
turned on reliably. Consequently, in the storage device according to one embodiment
of the present invention, data can be written to the node at high speed even when power
supply voltage supplied to the storage device is decreased, and it is possible to prevent a
potential supplied to the node in data writing from being decreased by the threshold
voltage of the first transistor.

[0011]

Specifically, a storage device according to one embodiment of the present
invention includes a first transistor, a second transistor, a logic element, and a
semiconductor element. The second transistor controls supply of a first signal to a gate
of the first transistor. When the potential of a second signal to be input is changed
from a first potential into a second potential that is lower than the first potential, the
logic element changes the potential of one of a source and a drain of the first transistor

from a third potential that is lower than the second potential into the first potential afier
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the logic element changes the potential of one of the source and the drain of the first
transistor from the second potential into the third potential. The semiconductor
element has a function of making the other of the source and the drain of the first
transistor floating.

[0012]

The first transistor has lower off-state current than a transistor including a

- channel formation region in a silicon film or a silicon substrate. A transistor including

a channel formation region in a film of a semiconductor having a wider band gap and
lower intrinsic carrier density than silicon can have significantly lower off-state current
than a transistor including a channel formation region in a normal semiconductor such
as silicon or germanium. Thus, such a transistor is suitable for the first transistor.
Examples of a semiconductor having a wider band gap and lower intrinsic carrier
density than silicon are an oxide semiconductor, silicon carbide, and gallium nitride
whose bandgap is 2 or more times that of silicon.

[0013]

With such a structure, the node becomes floating, i.e., has extremely high
insulating properties with another electrode or a wiring when the first transistor is off.
Thus, the potential of the signal including the data is held in the node.

[0014]

According to one embodiment of the present invention, it is possible to provide
a low-power storage device in which operation speed can be maintained. Alternatively,
according to one embodiment of the present invention, it is possible to provide a
low-power storage device that can operate correctly. Alternatively, according to one
embodiment of the present invention, it is possible to provide a low-power
semiconductor device in which operation speed can be maintained. Alternatively,
according to one embodiment of the present invention, it is possible to provide a

low-power semiconductor device that can operate correctly.

BRIEF DESCRIPTION OF DRAWINGS
[0015]

In the accompanying drawings:

FIG. 1 illustrates a storage device structure;
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FIGS. 2A and 2B illustrate storage device operation;

FIG. 3 is a timing chart of a storage device;

FIGS. 4A and 4B each illustrate a storage device structure;

FIG. 5 illustrates a cell array structure;

FIG. 6 is a timing chart of a cell array;

FIG. 7 illustrates a PLD structure;

FIGS. 8A to 8C each illustrate a logic block structure;

FI1G. 9A illustrates part of a PLD structure, and FIG. 9B illustrates a switch
circuit structure;

FIG. 10 illustrates a PLD entire structure;

FIG. 1 is a cell cross-sectional view;

FIGS. 12A to 12F each illustrate an electronic device; and

FIG. 13 shows potential waveforms obtained by calculation.

BEST MODE FOR CARRYING OUT THE INVENTION
[0016]

An embodiment of the present invention will be described in detail below with
reference to the drawings. Note thét the present invention is not limited to the
following description. It will be readily appreciated by those skilled in the art that
modes and details of the present invention can be modified in various ways without
departing from the spirit and scope of the present invention. The present invention
therefore should not be construed as being limited to the following description of the
embodiment.

[0017]

Note that a semiconductor device according to one embodiment of the present -
invention includes, in its category, a variety of semiconductor integrated circuits formed
using semiconductor elements, such as microprocessors, image processing circuits,
controllers for semiconductor display devices, digital signal processors (DSP),
microcontrollers, control circuits for batteries such as secondary batteries, and
protection circuits. The semiconductor device according to one embodiment of the
present invention includes, in its category, a variety of devices such as RF tags formed

using any of the semiconductor integrated circuits and semiconductor display devices.



10

20

25

30

WO 2014/171500 PCT/JP2014/060887

The semiconductor display device includes, in its category, 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 (DMD), plasma display panels (PDP), field emission displays (FED), and other
semiconductor display devices in which semiconductor elements are included in driver
circuits.

[0018]

<Structure Example 1 of Storage Device>

First, a structure example of a storage device according to one embodiment of
the present invention is described. FIG. 1 illustrates the structure of a storage device
10 according to one embodiment of the present invention.

[0019]

The storage device 10 according to one embodiment of the present invention
includes one or more groups each including at least a transistor 11, a transistor 12, and a
logic element 13. FIG. 1 illustrates a structure example of the storage device 10 that
includes one memory cell 14 as the group.

[0020]

The storage device 10 in FIG. | further includes a semiconductor element 16
supplied with a potential output from the memory cell 14. A potential output from the
semiconductor element 16 is applied to a wiring 17. Note that in the structure of the
storage device 10 in FIG. I, the semiconductor element 16 is not included in the
memory cell 14; however, the semiconductor element 16 may be included in the
memory cell 14.

[0021]

The transistor 11 has a function of controlling the electrical connection between
a node ND1 and a node ND3 in the memory cell 14 in accordance with the potential of a
node ND2. Specifically, one of a source and a drain of the transistor 11 corresponds to
the node NDI, the other of the source and the drain of the transistor 11 corresponds to
the node ND3, and a gate of the transistor 11 corresponds to the node ND2. The
potential of a signal including data that is output from the logic element 13 is supplied
to the node ND1. When the potential is supplied to the node ND3 through the

transistor 11, electric charge corresponding to the potential is accumulated in the node



10

15

20

25

30

WO 2014/171500 PCT/JP2014/060887

ND3 and data is written to the memory cell 14.
[0022]

In FIG. 1, the memory:-cell 14 includes a capacitor 15 connected to the node
ND3, and the potential of the node ND3 is held by the capacitor 15.

[0023]

Note that in this specification, the term “connection” means an electrical
connection and corresponds to a state where current, voltage, or a potential can be
supplied or transmitted. Accordingly, a connection state does not always mean a direct
connection state but includes an electrical connection state through a circuit element
such as a wiring, a resistor, a diode, or a transistor so that current, voltage, or a potential
can be supplied or transmitted.

[0024)]

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

[0025]

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. Furthermore, in a p-channel transisfor, 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 the connection relationship 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 relationship of the potentials.

[0026]

In one embodiment of the present invention, the transistor 11 has extremely

low off-state current. A transistor including a channel formation region in a film of a

semiconductor having a wider band gap and lower intrinsic carrier density than silicon
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can have significantly lower off-state current than a transistor including a channel
formation region in a normal semiconductor such as silicon or germanium. Thus, such
a transistor s suitable for the transistor 11. Examples of such a semiconductor are an
oxide semiconductor and gallium nitride whose bandgap is 2 or more times that of
silicon.
[0027]

Since the off-state current of the transistor 11 is extremely low, the other of the
source and the drain of the transistor 11 becomes floating, i.e., has extremely high
insulating properties with another electrode or a wiring when the transistor 11 is off.
Accordingly, electric charge held in the node ND3 can be prevented from leaking, and
the potential of the signal including data is held in the node ND3.

[0028]

Note that unless otherwise specified, off-state current in this specification
means current that flows in a cut-off region between a source and a drain of a transistor.
[0029]

The transistor 12 has a function of controlling supply of a signal from a wiring
WL to the gate of the transistor 11, i.e., the node ND2. Thus, the transistor 11 is turned
on or off in accordance with the potential of the signal. Specifically, one of a source
and a drain of the transistor 12 is connected to the wiring WL supplied with the signal,
the other of the source and the drain of the transistor 12 is connected to the gate of the
transistor 11, and a gate of the transistor 12 is connected to a wiring VL.

[0030]

The semiconductor element 16 has a function of making the other of the source
and the drain of the transistor 11, i.e., the node ND3 floating. Specifically, a transistor,
a capacitor, or the like can be used as the semiconductor element 16. For example, in
the case where a transistor is used as the semiconductor element 16, a gate of the
transistor is connected to the node ND3. For example, in the case where a capacitor is
used as the semiconductor element 16, one of a pair of electrodes of the capacitor is
connected to the node ND3.

[0031]
The logic element 13 has functions of inverting the polarity of the potential of

the signal including data after the signal is input and supplying the inverted signal to
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one of the source and the drain of the transistor 11, i.e., the node ND1. For example,
an inverter or the like can be used as the logic element 13. Furthermore, the logic
element 13 preferably has low current supply capability. Specifically, the logic
element 13 preferably has low current supply capability such that when the potential of
a signal input to the logic element 13 is changed from a first potential into a second
potential that is lower than the first potential, the potential of the node NDI is changed
from a third potential that is lower than the second potential into the first potential after
the potential of the node ND1 is changed from the second potential into the third
potential. ’
[0032]

Specifically, an input terminal of the logic element 13 is connected to a wiring
DL, and an output terminal of the logic element 13 is connected to one of the source and
the drain of the transistor 11, i.e., the node NDI. ’
[0033] -
<Operation Example of Storage Device>

Next, an operation example of the storage device 10 in FIG. 1 is described.
FIGS. 2A and 2B schematically illustrate the operation example of the storage device 10
in FIG. 1. Note that in FIGS. 2A and 2B, an n-channel transistor 16t is used as the
semiconductor element 16 and the node ND3 is connected to a gate of the transistor 16t.

In FIGS. 2A and 2B, one of a source and a drain of the transi‘stor 16t is connected to a

. wiring 17a (example of the wiring 17), and the other of the source and the drain of the

transistor 16t is connected to a wiring 17b (example of the wiring 17). FIG. 3 is an
example of a timing chart showing potentials of the wiring WL, the wiring DL, the node
NDI1, the node ND2, and the node ND3.

[0034]

First, as illustrated in FIG. 2A, in a period t1, a high-level potential (VDD) is
supplied to the wiring WL. In addition, a high-level potential (e.g., VDD) that is
higher than a potential obtained by addition of the threshold voltage of the transistor 12
to a low-level potential (e.g., a ground potential GND) is supplied to the wiring VL.
Thus, the transistor 12 is on, so that a potential (VDD — Vth) obtained by subtraction of
the threshold voltage Vth of the transistor 12 from the high-level potential (VDD) is
supplied to the gate of the transistor 11, i.e., the node ND2 through the transistor 12.
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{0035]

Then, the high-level potential (VDD) is supplied to the wiring DL, so that the
low-level potential (GND) is supplied from the logic element 13 to one of the source
and the drain of the transistor 11, i.e., the node ND1. Thus, the low-level potential
(GND) is applied to the node ND3 through the transistor 11.  Thus, in the period t1, the
transistor 16t can be turned off and the wiring 17a can be electrically isolated from the
wiring 17b.

[0036]

Next, as illustrated in FIG. 2B, at the beginning of a period t2, a potential
supplied to the wiring DL is decreased from the high-level potential (VDD) to the
low-level potential (GND). Since the logic element 13 has low current supply
capability, with the decrease in potential supplied to the wiring DL, the potential of the
node NDI1 is decreased because of capacitance between the input terminal and the
output terminal of the logic element 13. In FIG. 2B and FIG. 3, the potential of the
node NDI1 is decreased from the low-level potential (GND) to a lower-level potential
(-VDD).

[0037] _

In addition, in the period t2, the high-level potential (VDD) is supplied to the
wiring WL and the high-level potential (VDD) is continuously supplied to the wiring
VL. Thus, the transistor 12 is on at the beginning of the period t2, so that the potential
(VDD - Vth) is continuously supplied to the gate of the transistor 11, i.e., the node
ND2.

[0038]

Then, in the period t2, as illustrated in FIG. 2B, the logic element 13 increases
the potential of the node ND1 from the low-level pbtential (-VDD) to the high-level
potential (VDD). With the increase in potential of the node ND1, the potential of the
gate of the transistor 11, i.e., the node ND2 is started to be increased because of the
capacitance Cs formed between the source and the gate of the transistor 11. Thus, the
potential of the other of the source and the drain of the transistor 12 that is connected to
the node ND2 becomes higher than the potential (VDD — Vth), so that the transistor 12

is turned off. Consequently, the gate of the transistor 11, i.e., the node ND2 becomes
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floating.
[0039]

Even after the node ND2 becomes floating, the potential of the node ND2 is
continuously increased. Ideally, the potential of the node ND2 is increased to a
potential (3VDD - Vth) obtained by addition of a difference between the low-level
potential (-VDD) and the high-level potential (VDD) to the potential (VDD — Vth). In
other words, in one embodiment of the present invention, at the end of the period ti,
even when the gate potential of the transistor 11 is decreased from the high-level
potential (VDD) by the threshold voltage Vth of the transistor 12, the gate potential of
the transistor 11 can be increased by the above operation in the period t2.
Consequently, in the storage device 10 according to one embodiment of the present
invention, even when power supply voltage supplied to the storage device 10 is
decreased and a difference between the potential (VDD) and the potential (GND) is
decreased, the potential (VDD) supplied to the node NDI in data writing can be
prevented from being decreased by the threshold voltage of the transistor 11, the
potential (VDD) can be supplied to the node ND3, and data can be written to the node
ND3 at high speed.

{0040}

Since the high-level potential (VDD) is supplied to the node ND3 in the period
t2, the transistor 16t is turned on and the wiring 17a is electrically connected to the
wiring 17b.

[0041]

Note that in FIG. 2B and FIG. 3, in the period t2, the potential supplied to the
wiring DL is decreased from the high-level potential (VDD) to the low-level potential
(GND), and the high-level potential (VDD) corresponding to a logical value “1” is
supplied to the node ND3. However, in one embodiment of the present invention, in
the period t2, the potential supplied to the wiring DL can be kept at the high-level
potential (VDD), and the low-level potential (GND) corresponding to a logical value “0”
can be supplied to the node ND3.

[0042]
Then, in a period t3, the low-level potential (GND) is supplied to the wiring

PCT/JP2014/060887
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WL. The high-level potential (e.g., VDD) is supplied to the wiring VL. Thus, the
transistor 12 is on, so that the low-level potential (GND) is supplied to the gate of the
transistor 11, i.e., the node ND2 through the transistor 12. Accordingly, the transistor
11 is turned off and the potential (VDD) supplied in the period t2 is held in the node
ND3. Consequently, the transistor 16t is kept on and the wiring 17a is kept electrically
connected to the wiring 17b.

[0043]

Furthermore, since the high-level potential (VDD) is supplied to the wiring DL
in the period t3, the node ND1 has the potential (GND).
[0044]
<Structure Example of Logic Element>

Next, FIG. 4A illustrates the structure of the storage device 10 that includes an
inverter as the logic element 13.

[0045] ’

The logic element 13 included in the storage device 10 in FIG. 4A includes a
p-channel transistor 18 and an n-channel transistor 19. Gates of the transistors 18 and
19 are connected to the wiring DL. One of a source and a drain of the transistor 18 is
connected to a wiring 20 supplied with a high-level potential, and one of a source and a
drain of the transistor 19 is connected to a wiring 21 supplied with a low-level potential.
The other of the source and the drain of the transistor 18 and the other of the source and
the drain of the transistor 19 are connected to one of the source and the drain of the
transistor 11, i.e., the node ND1.

[0046]

FIG. 4B illustrates another structure example of the storage device 10 that
includes an inverter as the logic element 13. The storage device 10 in FIG. 4B is
obtained by addition of an inverter 22 to the storage device 10 in FIG. 4A. Specifically,
in the storage device 10 in FIG. 4B, the wiring WL is connected to the wiring DL, and
the wiring DL is connected to an input terminal of the inverter 22 and one of the source
and the drain of the transistor 12. Note that FIG. 4B does not illustrate the wiring WL
but illustrates only the wiring DL. In addition, an output terminal of the inverter 22 is
connected to the input terminal (node ND4) of the logic element 13.

[0047]
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13

Note that in FIGS. 4A and 4B, when a data retention period becomes longer, a
potential between a high-level potential and a low-level potential is applied to the
semiconductor element 16 for a long time in some cases. Thus, for example, in the
case where an inverter is used as the semiconductor element 16, it is preferable to
reduce the power consumption of the inverter by increasing the channel length of the
transistor included in the inverter.

[0048]

Note that in the storage device 10 according to one embodiment of the present
invention, the logic element 13 preferably has low current supply capability such that
when the potential of a signal input to the logic element 13 is changed from a first
potential into a second potential that is lower than the first potential, the potential of the
node NDI is changed from a third potential that is lower than the second potential into
the first potential after the potential of the node ND1 is changed from the second
potential into the third potential. ~Specifically, in FIGS. 4A and 4B, the channel length
of each of the transistors 18 and 19 is preferably large. Specific channel length is
described below. Note that in the following description, for easy understanding, the
source of the transistor 18 is connected to the wiring 20, the source of the transistor 19
is connected to the wiring 21, and the drains of the transistors 18 and 19 are connected
to the node NDI1.

[0049]

In the storage device 10 in FIG. 4B, in transition of the potential of the input
terminal of the logic element 13, i.e., the node ND4 that is decreased from the
high-level potential (VDD) to the low-level potential (e.g., the ground potential GND),
a channel formation region is formed in each of the transistors 18 and 19 included in the
logic element 13. Note that the channel formation region means a region of a
semiconductor film of a transistor or a semiconductor substrate that overlaps with a gate
electrode and is sandwiched between a source electrode or a source region and a drain
region or a drain electrode. In addition, if the half of capacitance between the gate
electrode and the channel formation region is the capacitance Cs between the gate
electrode and the source region and the other half of the capacitance between the gate
electrode and the channel formation region is capacitance Cd between the gate electrode

and the drain region, the capacitance Cs and the capacitance Cd are represented by
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Equation (1). The channel length and the channel width of the transistor 19 are
denoted by Li and Wn, respectively. The channel length and the channel width of the
transistor 18 are denoted by Li and Wp, respectively. A proportional constant is
denoted by a.

[0050]

aLi (Wn+Wp)

Cs=Cd= >

()
[0051)

A fixed potential is applied to each of the wiring 20 connected to the source of
the transistor 18 and the wiring 21 connected to the source of the transistor 19. If the
channel formation region of the transistor 11 has high resistance and the transistor 12 is
off when the potential. of the.input terminal of the logic element 13 is decreased from
the high-level potential (VDD) to the low-level potential (GND), the drain of the
transistor {8 and the drain of the transistor 19 can be regarded as being floating.

[0052]

If sink current supplied from the output terminal of the inverter 22 to the input
terminal of the logic element 13 is denoted by Is, the capacitance Cs of the logic
element 13 is charged by the sink current Is; thus, the falling time constant z of the

potential of the input terminal of the logic element 13 is represented by Equation (2).

[0053]

VDD _ ali(Wn+Wp) VDD
s 2 Is

i =Cs- )
[0054]

The channel length and the channel width of each transistor included in the
inverter 22 are denoted by L and W, respectively. In general, the minimum channel
length and the minimum channel width that are determined by a process are used as the
channel length L and the channel width W, respectively. The channel width W of the
transistor 19 in the logic element 13 is equal to the channel width #. The channel
width Wp of the transistor 18 is adjusted so that the same drain current flows through
the transistors 18 and 19 in consideration of a mobility difference between the p-channel
transistor 18 and the n-channel transistor 19.

[0055]

If the potential of the node ND1 is decreased to the potential (~VDD) when the
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potential of the input terminal of the logic element 13 is decreased from the high-level
potential (VDD) to the low-level potential (GND), current /i flows to the transistors 18
and 19 in the logic element 13. The current /i can be represented by Equation (3).
[0056)

li=2Is & 3
[0057]

The capacitance Cd of the logic element 13 is charged by the current /i flowing
to the transistors 18 and 19 in the logic element [3; thus, the rising time constant o of

the potential in the node ND1 is represented by Equation (4).
[0058]

VDD _ ali(Wn+Wp) LiVDD

T0=Cd -
IL 2 2IsL

S
[0059]

In one embodiment of the present invention, the logic element 13 preferably
has low current supply capability. To achieve this, the time constant 7o is preferably
larger than the time constant z. In other words, to meet the above condition, it is

necessary to satisfy Equation (5) derived from Equation (2) and Equation (4).
[0060] ‘

ali(Wn+Wp) LiVDD > ali(Wn+Wp) VDD
2 2IsL 2 Is

)
[0061] :
Equation (6) can be derived from Equation (5).
[0062]
Li>2L (6)
[0063]

Thus, in one embodiment of the present invention, the channel length Li of the
transistor included in the logic element 13 is preferably more than twice the channel
length L of the transistor included in the inverter 22.

[0064]

In the case of FIG. 4A, if the parasitic resistance and the parasitic capacitance

of the wiring DL are denoted by Rp and Cp, respectively, the falling time constant 7 of

the potential of the input terminal of the logic element 13 is represented by Equation
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[0065]

ti=Cp*Rp N
[0066]

Furthermore, as in the case of FIG. 4B, the rising time constant 7o of the
potential in the node ND1 in the case of FIG. 4A is represented by Equation (4). To
meet the condition that the time constant 7o is larger than the time constant 7, it is

necessary to satisfy Equation (8).

[0067]

ali(Wn+Wp) LiVDD .

2 2L Cp- Rp ®)

[0068]

Equation (9) can be derived from Equation (8).-
[0069]

. 41sCpRp

Li> a Li (Wn+Wp) VDD (9)

[0070]

Thus, in the case of FIG. 4A, the channel length L of the transistor included in
the logic element 13 is preferably significantly larger than the channel length L of
another transistor such that Equation (9) is satisfied.

[0071]

Next, FIG. 13 shows potential waveforms of wirings and nodes in the storage
device 10 in FIG. 4B that are obtained by calculation. The calculation was conducted
under a condition that a low-level potential and a high-level potential were 0 V and 1V,
respectively.

[0072]

When the potential of the wiring DL was increased from 0 V to 1 V, the
potential of the input terminal of the logic element 13 (inverter), i.e., the node ND4 was
decreased from 1 V to 0 V. In the case of an inverter having sufficiently high current
supply capability, when 0 V is supplied to an input terminal, 1 V is output from an
output terminal; however, the logic element 13 has low current supply capability.
Accordingly, when the potential of the node ND4 was decreased, the potential of the

node ND1 was temporarily decreased from 0 V to approximately —1 V because of
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capacitance between the input terminal and the output terminal of the logic element 13,
and then, was increased to 1 V over time.
[0073]

With the increase in potential of the wiring DL from 0 V to 1 V, the potential of
the node ND2 was started to be increased. Then, when the gate voltage of the
transistor 12 became close to the threshold voltage, the drain current of the transistor 12
was decreased, and the potential of the node ND2 stopped increasing after it became
approximately 0.6 to 0.7 V without reaching 1 V. After the potential of the node ND2
reached the above potential, the potential of the node ND1 was decreased from 0 V to
approximately —1 V. At that time, the potential of the node ND2 was almost decreased
because of the capacitance Cs of the transistor 11; however, the potential of the node
ND2 was hardly decreased because | V was supplied from the wiring DL to the node
ND?2 through the transistor 12.

[0074]

Then, when the potential of the node ND1 was increased from approximately
-1 Vto 1V, the transistor 12 was turned off; thus, the potential of the node ND2 was
increased to higher than 2 V because of the capacitance Cs of the transistor 11. Since
the potential of the node ND2 was sufficiently increased, it was confirmed that a desired
potential 1 V was able to be written to the node ND3 without a decrease in potential of
the node ND3 by the threshold voltage of the transistor 11.

[0075] |

If the logic element 13 has sufficiently high current supply capability and the
potential of the node ND1 is increased from 0 V to 1 V without a temporal decrease, the
potential of the node ND2 is not increased to higher than 2 V though it might be
increased to higher than 1 V because of the capacitance Cs of the transistor 11. On the
other hand, in one embodiment of the present invention, since the potential of the output
terminal of the logic element 13 is increased after it is decreased temporarily, the
potential of the node ND2, i.e., the gate potential of the transistor 11 can be high
compared with the case where the logic element 13 has sufficiently high current supply
capability. Consequently, it is possible to write a desired potential to the node ND3 in

the memory cell 14 without an increase in the number of power supply potentials.
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[0076]
<Structure Example 2 of Storage Device>

Then, examples of the structure of a storage device including a plurality of
memory cells and a method for driving the storage device are described.
[0077]

FIG. 5 is an example of a circuit diagram of a cell array 30 including the
plurality of memory cells 14. Unlike FIG. 1, FIG. 5 illustrates the case where the
semiconductor element 16 is included in the memory cell 14 and a transistor 16t is used
as the semiconductor element 16.

[0078]

In the cell array 30 in FIG. 5, a variety of wirings such as the plurality of
wirings WL, the plurality of wirings DL, the plurality of wirings VL, a plurality of
wirings CL, and a plurality of wirings SL are provided, and a signal or a potential from
a driver circuit is supplied to each memory cell 14 through the wirings.

{0079]

Note that the number of wirings can be determined by the number and
arrangement of the memory cells 14.  Specifically, in the case of the cell array 30 in
FIG. 5, the memory cells 14 in y rows and x columns (each of x and y is a natural
number of 2 or more) are connected in matrix, and wirings WL1 to WLy corresponding
to the plurality of wirings WL, wirings DL1 to DLx corresponding to the plurality of
wirings DL, wirings VL1 to VLy corresponding to the plurality of wirings VL, wirings
CL1 to CLy corresponding to the plurality of wirings CL, and wirings SL1 to SLy
corresponding to the plurality of wirings SL are provided in the cell array 30.

[0080]

In each of the memory cells 14, the input terminal of the logic element 13 is
connected to one of the wirings DL, and the output terminal of the logic element 13 is
connected to one of the source and the drain of the transistor 11. The gate of the
transistor 12 is connected to one of the wirings VL, one of the source and the drain of
the transistor 12 is connected to the wiring WL, and the other of the source and the drain
of the transistor 12 is connected to the gate of the transistor 11. The other of the source
and the drain of the transistor 11 is connected to the gate of the transistor 16t and one

electrode of the capacitor 15. The other electrode of the capacitor 15 is connected to
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one of the wirings CL. One of the source and the drain of the transistor 16t is
connected to one of the wirings DL, and the other of the source and the drain of the
transistor 16t is connected to one of the wirings SL.

[0081]

In FIG. 5, the transistor 11 and the transistor 12 are n-channel transistors, and
the transistor 16t is a p-channel transistor. One of the wiring DL and the wiring SL
corresponds to the wiring 17a (example of the wiring 17 in FIG. 1), and the other of the
wiring DL and the wiring SL corresponds to the wiring 17b (example of the wiring 17 in
FIG. 1).

[0082]

Next, the operation of the cell array 30 in FIG. § is described with reference to
a timing chart in FIG. 6. Note that FIG. 6 illustrates the case where data writing, data
retention, and data reading are performed on the memory cell 14 in a first row and a first
column, the memory cell 14 in the first row and an x-th column, the memory ceil 14 in a
y-th row and the first column, and the memory cell 14 in the y-th row and the x-th
column.

[0083]

[n FIG. 6, the ground potential (GND) is used as a low-level potential.
[0084]

First, in a period T1, the wiring WL1 and the wiring CL1 included in the
memory cells 14 in the first row are selected. Specifically, in FIG. 6, the high-level
potential (VDD) is supplied to the wiring WL1, and the low-level potential (GND) is
supplied to the wirings WL2 to WLy. In addition, the potential (VDD) is supplied to
the wiring SL and the wiring VL. Thus, the transistors 11 included in the memory
cells 14 in the first row are selectively turned on. Furthermore, the potential (GND) is
supplied to the wiring CL1, and the potential (VDD) is supplied to the wirings CL2 to
CLy.

[0085]

In a period during which the wiring WL1 and the wiring CL1 are selected,
potentials of signals including data are supplied to the wirings DL1 and DLx. The
levels of the potentials supplied to the wirings DL1 and DLx are naturally different

depending on the content of data. FIG. 6 illustrates the case where the potential
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(GND) is supplied to the wiring DL1 and the potential (VDD) is supplied to the wiring
DLx. The polarities of the potentials supplied to the wirings DL1 and DLx are
inverted by the logic elements 13, and then the inverted potentials are supplied to the
gates of the transistors 16t, i.e., the nodes ND3 through the transistors 11 that are on.
When the amount of electrical charge accumulated in the nodes ND3 is controlled in
accordance with the supplied potentials, data is written to the memory cell 14 in the first
row and the first column and the memory cell 14 in the ﬁfst row and the x-th column.
[0086]

Note that since the logic element 13 has low current supply capability, with the
decrease in potential supplied to the wiring DL1 in the period T1, the potential of the
node ND] in the memory cell 14 connected to the wiring DL1 and the wiring WLI is
decreased because of the capacitance of the logic element 13. With the increase in
potential of the node NDI, the potential of the gate of the transistor 11, i.e., the node
ND?2 is started to be increased because of the capacitance Cs formed between the source
and the gate of the transistor 1'1. Thus, the potential of the other of the source and the
drain of the transistor 12 that is connected to the node ND2 becomes higher than the
potential (VDD — Vth), so that the transistor 12 is turned off. Consequently, the gate
of the transistor 11, i.e., the node ND2 becomes floating. Even after the node ND2

becomes floating, the potential of the node ND2 is continuously increased. Ideally, the

~ potential of the node ND2 can be increased to the potential (3VDD — Vth) obtained by

addition of a difference between the low-level potential (-VDD) and the high-level
potential (VDD) to the potential (VDD — Vth). Consequently, the potential (VDD)
supplied to the node ND1 in data writing can be prevented from being decreased by the
threshold voltage of the transistor 11, the potential (VDD) can be supplied to the node
ND3, and data can be written to the node ND3 at high speed.
[0087] |

Next, the potential (GND) is supplied to the wiring WL1, so that the transistors
11 included in the memory cells 14 in the first row are turned off. Furthermore, the
potential (VDD) is supplied to the wiring CL1, so that the potentials of the nodes ND3
are increased. Accordingly, the transistors 16t are turned off regardiess of data written

to the nodes ND3.
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[0088]

Next, in a period T2, the wiring WLy and the wiring CLy included in the
memory cells 14 in the y-th row are selected. Specifically, in FIG. 6, the potential
(VDD) is supplied to the wiring WLy, and the potential (GND) is supplied to the
wirings WL1 to WL(y—1). In addition, the potential (VDD) is supplied to the wiring
SL and the wiring VL. Thus, the transistors 11 included in the memory celis 14 in the
y-th row are selectively turned on. Furthermore, the potential (GND) is supplied to the
wiring CLy, and the potential (VDD) is supplied to the wirings CL1 to CL(y—1).

[0089]

In a period during which the wiring WLy and the wiring CLy are selected,
potentials of signals including data are supplied to the wirings DL1 and DLx. FIG. 6
illustrates the case where the potential (VDD) is supplied to the wiring DL1 and the
potential (GND) is supplied to the wiring DLx. The polarities of the potentials
supplied to the wirings DL1 and DLx are inverted by the logic elements 13, and then the
inverted potentials are supplied to the gates of the transistors 16t, i.e., the nodes ND3
‘through the transistors 11 that are on. When the amount of electrical charge
accumulated in the nodes ND3 is controlled in accordance with the supplied potentials,
data is written to the memory cell 14 in the y-th row and the first column and the
memory cell 14 in the y-th row and the x-th column.

[0090]

Note that as in the case of the memory cell 14 connected to the wiring DL1 ‘and
the wiring WL1 in the period T1, in the memory cell 14 connected to the wiring DLx
and the wiring WLy in the period T2, the potential of the gate of the transistor 11, i.e.,
the node ND2 can be increased to the potential (3VDD — Vth) ideally. Consequently,
the potential (VDD) supplied to the node ND1 in data writing can be prevented from
being decreased By the threshold voltage of the transistor 11, the potential (VDD) can be
supplied to the node ND3, and data can be written to the node ND3 at high speed.

[0091]

To prevent writing of incorrect data to the memory cell 14, it is preferable to

terminate supply of a signal including data to the wiring DL after a selection period of

the wiring WL and the wiring CL is terminated.
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[0092]

Next, the potential (GND) is supplied to the wiring WLy, so that the transistors
11 included in the memory cells 14 in the y-th row are turned off. Furthermore, the
potential (VDD) is supplied to the wiring CLy, so that the potentials of the nodes ND3
are increased. Accordingly, the transistors 16t are turned off regardless of data written
to the nodes ND3.

[0093]

In one embodiment of the present invention, the transistor 11 has extremely
low off-state current as described above. When the off-state current of the transistor
11 is low, electric charge accumulated in the node ND3 is less likely to leak; thus, data
can be retained for a long time.

[0094]

Next, as shown in a period T3, the wiring CL1 included in the memory cells 14
in the first row are selected. Specifically, in FIG. 6, the potential (GND) is supplied to
the wiring CL1, and the high-level potential (VDD) is supplied to the wirings CL2 to
CLy. In the period T3, none of the wirings WL is selected by supply of the potential
(GND). Furthermore, in a period during which the wiring CL1 is selected, the
potential (VDD) is supplied to the wiring SL and the wiring VL.

[0095]

Resistance between the source and the drain of the transistor 16t depehds on
the amount of electrical charge accumulated in the node ND3. Thus, a potential based
on the amount of electrical charge accumulated in the node ND3 is supplied to the
wirings DL1 and DLx. Then, by reading a difference in the amount of electrical
charge from the potential, data can be read from the memory cell 14 in the first row and
the first column and the memory cell 14 in the first row and the x-th column.

[0096]

Next, as shown in a period T4, the wiring CLy included in the memory cells 14
in the y-th row are selected. Specifically, in FIG. 6, the potential (GND) is supplied to
the wiring CLy, and the high-level potential (VDD) is supplied to the wirings CL1 to
CL(y—-1). In the period T4, none of the wirings WL is selected by supply of the
potential (GND). Furthermore, in a period during which the wiring CLy is selected,
the potential (VDD) is supplied to the wiring SL and the wiring VL.
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[0097]

The resistance between the source and the drain of the transistor 16t depends
on the amount of electrical charge accumulated in the node ND3. Thus, a potential
based on the amount of electrical charge accumulated in the node ND3 is supplied to the
wirings DL1 and DLx. Then, by reading a difference in the amount of electrical
charge from the potential, data can be read from the memory cell 14 in the y-th row and
the first column and the memory cell 14 in the y-th row and the x-th column.

[0098]

Note that a reading circuit is connected to an end of each wiring DL, and a
signal output from the reading circuit includes data actually read from the cell array 30.
[0099]
<Structure Example of Semiconductor Device>

In a programmable logic device (PLD), which is one of semiconductor devices,
a logic circuit is formed using adequate-scale programmable logic blocks (PLE), and the
functions of the logic blocks and the connection between the logic blocks can be
changed (configured) after manufacture. Specifically, the PLD includes a plurality of
logic blocks and a routing resource for controlling the connection between the logic
blocks. The functions of the logic blocks and the connection between the logic blocks
formed using a routing resource are defined by configuration data, and the configuration
data is stored in a storage device included in each logic block or a storage device
included in the routing resource.

[0100]

FIG. 7 illustrates a PLD structure example in which a switch is used as the
semiconductor element 16 included in the storage device 10 in FIG. 1 and the electrical
connection between a plurality of logic blocks 41 is controlled by the semiconductor
element 16. |
[oro1

FIG. 7 illustrates the semiconductor element 16 formed using a transistor
functioning as a switch that is turned on or off in accordance with data retained in the
storage device 10 and logic blocks 41-1 and 41-2. The electrical connection between
the logic blocks 41-1 and 41-2 is controlled by the semiconductor element 16. The
logic blocks 41-1 and 41-2 are examples of the plurality of logic blocks (LB) 41.
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[0102]

Specifically, when the semiconductor element 16 is turned on in accordance
with data, the logic blocks 41-1 and 41-2 are electrically connected to each other.
When the semiconductor element 16 is turned off in accordance with the data, the logic
blocks 41-1 and 41-2 are electrically isolatéd from each other.

[0103]

Thus, it is possible to control the electrical connection between the logic blocks
41-1 and 41-2 in accordance with the configuration data retained in the storage device
10.

[0104]

Note that to detect loss of configuration data in the storage device 10 in
advance, the storage device 10 for detection may be provided in the PLD. The storage
device 10 for detection can have a structure in which an inverter is used as the
semiconductor element 16 in the storage device 10 in FIG. 4B, for example.
Capacitance of the capacitor 15 connected to the node ND3 and another parasitic
capacitance of the storage device 10 for detection are preferably set higher than those of
the storage device 10 used as a configuration memory. After configuration is
terminated, in the storage device 10 for detection, the potential of the wiring DL is set
high and a high-level potential is written to the node ND3. When the potential of the
node ND3 becomes lower than the threshold voltage of the semiconductor element 16
(inverter), a potential output from the semiconductor element 16 is changed from a
low-level potential into a high-level potential. Thus, by detecting a change in the
potential, timing of loss of configuration data can be determined. With such a
structure, before the configuration data is lost, it is possible to stop supply of a clock
signal and power supply voltage after data used in the PLD is backed up or to require an
external memory to rewrite configuration data. Furthermore, if a potential output from
the semiconductor element 16 (inverter) is a high-level potential when the PLD is
restarted, the PLD can require the external memory to rewrite configuration data.

[0105] ‘

Next, FIG. 8A illustrates one mode of the logic block (LB) 41. The logic

block 41 in FIG. 8A includes a look-up table (LUT) 42, a flip-flop 43, and the storage

device 10. Logical operation of the LUT 42 is determined in accordance with
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configuration data of the storage device 10. Specifically, one output value of the LUT
42 with respect to input values of a plurality of input signals supplied to input terminals
44 is determined. Then, the LUT 42 outputs a signal including the output value. The
flip-flop 43 holds the signal output from the LUT 42 and outputs an output signal
corresponding to the signal from a first output terminal 45 and a second output terminal
46 in synchronization with a clock signal CLK.

[0106]

Note that the logic block 41 may further include a multiplexer circuit. The
multiplexer circuit can select whether the output signal from the LUT 160 goes through
the flip-flop 43.

[0107]

Furthermore, the type of the flip-flop 43 may be determined by the
configuration data. Specifically, the flip-flop 43 may have a function of any of a D
flip-flop, a T flip-flop, a JK flip-flop, and an RS flip-flop depending on the
configuration data.

[0108]

FIG. 8B illustrates another mode of the logic block 41. The logic block 41 in
FIG. 8B has a structure in which an AND circuit 47 is added to the logic block 41 in
FIG. 8A. To the AND circuit 47, a signal from the flip-flop 43 is supplied as a positive
logic input, and a signal INIT is supplied as a negative logic input. With such a
structure, the potential of a wiring supplied with a signal output from the logic block 41
can be initialized. Consequently, a large amount of current can be prevented from
flowing between the logic blocks 41, so that breakage of the PLD can be prevented.
[0109] ‘

FIG. 8C illustrates another mode of the logic block 41. The logic block 41 in
FIG. 8C has a structure in which a multiplexer 48 is added to the logic block 41 in FIG.
8A. The logic block 41 in FIG. 8C further includes two storage devices 10 (storage
devices 10a and 10b). Logical operation of the LUT 42 is determinedAi'n accordance
with configuration data of the storage device 10a. A signal output from the LUT 42
and a signal output from the flip-flop 43 are input to the multiplexer 48. The
multiplexer 48 has functions of selecting and outputting one of the two output signals in

accordance with configuration data stored in the storage device 10b. The signal output
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from the multiplexer 48 is output from the first output terminal 45 and the second output
terminal 46.
[0110]

FIG. 9A schematically illustrates part of the structure of a PLD 40. The PLD
40 in FIG. 9A includes the plurality of logic blocks (LB) 41, a wiring group 121
connected to any of the‘plurality of logic blocks 41, and switch circuits 122 for
controlling the connection between the wirings included in the wiring group 121. The
wiring group 121 and the switch circuits 122 correspond to a routing resource 123,
The connection between the wirings controlled by the switch circuits 122 are
determined by the configuration data of the storage device 10.
(ot

FIG. 9B illustrates a structure example of the switch circuit 122. The switch
circuit 122 in FIG. 9B has a function of controlling the connection between a wiring
125 and a wiring 126 included in the wiring group 121. Specifically, the switch circuit
122 includes transistors 127 to 132. The transistors 127 to 132 each correspond to the
semiconductor element 16 included in the storage device 10. Thus, the switch circuit
122 and the storage device 10 share the transistors 127 to 132. The transistors 127 to
132 are connected to the nodes ND3 of the plurality of storage devices 10. Selection
(switching) of the on state or off state of each of the transistors 127 to 132 is determined
by data retained in the node ND3 of the storage device 10.
01121

The transistor 127 has a function of controlling the electrical connection
between a point A of the wiring 125 and a point C of the wiring 126. The transistor
128 has a function of controlling the electrical connection between a point B of the
wiring 125 and the point C of the wiring 126. The transistor 129 has a function of
controlling the electrical connection between the point A of the wiring 125 and a point
D of the wiring 126. The transistor 130 has a function of controlling the electrical
connection between the point B of the wiring 125 and the point D of the wiring 126.
The transistor 131 has a function of controlling the electrical connection between the
point A and the point B of the wiring 125. The transistor 132 has a function of
controlling the electrical connection between the point C and the point D of the wiring

126.



10

15

20

25

30

WO 2014/171500 PCT/JP2014/060887

27

[0113] _

The switch circuits 122 also have a function of controlling the electrical
connection between the wiring group 121 and output terminals 124 of the PLD 40.
[0114]

FIG. 10 illustrates a structure example of the entire PLD 40. In FIG. 10, I/O
elements 140, phase lock loops (PLL) 141, a RAM 142, and a multiplier 143 are
provided in the PLD 40. The I/O element 140 functions as an interface that controls
input and output of signals from and to an external circuit of the PLD 40. The PLL
141 has a function of generating a signal CK. The RAM 142 has a function of storing
data used for logical operation. The multiplier 143 corresponds to a logic circuit for
multiplication. When the PLD 40 has a function of executing multiplication, the
multiplier 143 is not necessarily provided.

[0115]
<Cross-Sectional Structure Example of Cell>

FIG. 11 illustrates a cross-sectional structure example of the transistor 11, the
transistor 12, the transistor 18, the transistor 19, and the capacitor 15 included in the
storage device 10 in FIG. 4A.

[0116]

In FIG. 11, the p-channel transistor 18, the n-channel transistor 19, and the
n-channel transistor 12 are formed in a silicon on insulator (SOI) substrate, and the
transistor 11 formed using an oxide semiconductor film is formed above the transistors
18, 19, and 12. The transistors 18, 19, and 12 may each include a semiconductor thin
film of silicon, germanium, or the like in an amorphous, microcrystalline,
polycrystalline, or single crystal state.  Alternatively, the transistors 18, 19, and 12 may
each include an oxide semiconductor film. In the case where the transistors each
include an oxide semiconductor film, the transistor 11 is not necessarily stacked above
the transistors 18, 19, and 12, and the transistors 11, 18, 19, and 12 may be formed over
the same insulating surface. The transistors 18, 19, and 12 may be formed using a
single crystal silicon substrate. Note that to prevent latch up when a negative potential
is supplied to the node NDI, in one embodiment of the present invention, it is preferable
‘to form the transistors 18, 19, and 12 by using a semiconductor thin film provided over

the insulating surface.
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[0117]

In the case where the transistors 18, 19, and 12 are each formed using a silicon
thin film, any of the following may be used: amorphous silicon formed by sputtering or
vapor phase growth such as plasma-enhanced CVD; polycrystalline silicon obtained by
crystallization of amorphous silicon by treatment such as laser annealing; and the like.
[0118]

In FIG. 11, the transistors 18, 19, and 12 are formed over a substrate 400
provided with an insulating film 401.

[0119]

Although there is no particular limitation on a material that can be used as the
substrate 400, it is necessary that the material have at least heat resistance high enough
to withstand heat treatment to be performed later. For example, a glass substrate
formed by a fusion process or a float process, a quartz substrate, a semiconductor
substrate, a ceramic substrate, or the like can be used as the substrate 400. In the case
where the temperature of the heat treatment to be performed later is high, a glass
substrate whose strain point is 730 °C or higher is preferably used as a glass substrate.
[0120]

In this embodiment, a semiconductor substrate of single crystal silicon is
preferably used as the substrate 400. A single crystal semiconductor substrate has
higher surface flatness than a glass substrate. Accordingly, variation in thickness of an
insulating film, a conductive film, or the like due to surface unevenness of the substrate
can be prevented; thus, electrical characteristics of semiconductor elements such as
transistors can be uniform even when the semiconductor elements are downsized.

[0121]

Specifically, the transistor 18 includes, over the insulating film 401, a
crystalline semiconductor film 402, a gate insulating film 403 over the semiconductor
film 402, and a gate electrode 404 overlapping with the semiconductor film 402 with
the gate insulating film 403 positioned therebetween. The semiconductor film 402
includes a first region 405 functioning as a channel formation region and second regions
406 and 407 that have p-type conductivity and function as a source and a drain. The
first region 405 is sandwiched between the second regions 406 and 407.

[0122]
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Specifically, the transistor 19 includes, over the insulating film 401, a
crystalline semiconductor film 408, a gate insulating film 409 over the semiconductor
film 408, and a gate electrode 410 overlapping with the semiconductor film 408 with
the gate insulating film 409 positioned therebetween. The semiconductor film 408
includes a first region 411 functioning as a channel formation region and second regions
412 and 413 that have n-type conductivity and function as a source and a drain. The
first region 411 is sandwiched between the second vregions 412 and 413.

[0123]

Specifically, the transistor 12 includes, over the insulating film 401, a

~ crystalline semiconductor film 414, a gate insulating film 415 over the semiconductor

film 414, and a gate electrode 416 overlapping with the semiconductor film 414 with
the gate insulating film 415 positioned therebetween. The semiconductor film 414
includes a first region 417 functioning as a channel formation region and second regions
418 and 419 that have n-type conductivity and function as a source and a drain. The
first region 417 is sandwiched between the second regions 418 and 419.

[0124]

An insulating film 420 is provided on the transistors 18, 19, and 12. Openings
are formed in the insulating film 420. Through the openings, a wiring 423 connected
to the second region 406, a wiring 424 connected to the second regions 407 and 412, a
wiring 425 connected to the second region 413, a wiring 426 connected to the second
region 418, and a wiring 427 connected to the second region 419 are formed on the
insulating film 420.

[0125]

An insulating film 430 is formed over the wirings 423 to 427. The transistor
11, the capacitor 15, and a wiring 445 are formed over the insulating film 430.

[0126]

The transistor 11 includes, over the insulating film 430, a semiconductor film
431 including an oxide semiconductor; conductive films 432 and 433 that are provided
over the semiconductor film 431 and function as source and drain electrodes; a gate
insulating film 434 over the semiconductor film 431 and the conductive films 432 and
433; and a gate electrode 435 that overlaps with the semiconductor film 431 in a region

between the conductive films 432 and 433 with the gate insulating film 434 positioned
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between the gate electrode 435 and the semiconductor film 431.
[0127]

The conductive film 432 is connected to the wiring 424 through the opening
formed in the insulating film 430. The wiring 445 is connected to the wiring 426
through the opening formed in the insulating film 430.

[0128]

A conductive film 436 is provided over the gate insulating film 431 to overlap
with the conductive film 433. A portion where the conductive fiims 433 and 436
overlap with each other with the gate insulating film 434 positioned therebetween |
functions as the capacitor 15.

[0129]

Note that FIG. 11 illustrates an example in which the capacitor 15 is provided
over the insulating film 430 together with the transistor 11. However, the capacitor 15
may be provided below the insulating film 430 together with the transistors 18, 19, and
12.

[0130]

An insulating film 441 and an insulating film 442 are stacked in that order over
the transistor 11 and the capacitor 15. The insulating film 441 is preferably an
insulating film of silicon nitride or the like that can prevent hydrogen released from the
insulating film 442 from entering the semiconductor film 431.

[0131]

Openings are formed in the insulating films 441 and 442 and the gate insulating
film 434. A conductive film 443 that is connected to the gate electrode 435 and the
wiring 445 through the openings is provided over the insulating film 442.

[0132]

Note that in FIG. 11, the transistor 11 includes the gate electrode 435 on at least
one side of the semiconductor film 431. Alternatively, the transistor 11 may include a
pair of gate electrodes with the semiconductor film 431 positioned therebetween.

[0133]

When the transistor 11 includes a pair of gate electrodes with the

semiconductor film 431 positioned therebetween, a signal for controlling an on state or

an off state may be supplied to one of the gate electrodes, and the other of the gate
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electrodes may be supplied with a potential from another element. In that case,
potentials at the same level may be supplied to the pair of gate electrodes, or a fixed
potential such as a ground potential may be supplied only to the other of the gate
electrodes. By controlling the level of a potential applied to the other of the gate
electrodes, the threshold voltage of the transistor can be controlled.
[0134]

| In FIG. 11, the transistor 11 has a single-gate structure where one channel
formation region corresponding to one gate electrode 435 is provided. However, the
transistor 11 may have a multi-gate structure where a plurality of channel formation
regions are formed in one active layer by providing a plurality of gate electrodes
electrically connected to each other.
[0135]
<Semiconductor Film>

A highly-purified oxide semiconductor (purified oxide semiconductor)
obtained by reduction of impurities such as moisture or hydrogen that serve as electron
donors (donors) and reduction of oxygen vacancies is an intrinsic (i-type)
semiconductor or a substantially intrinsic semiconductor. Thus, a transistor including
a channel formation region in a highly-purified oxide semiconductor film has extremely
low off-state current and high reliability.

[0136]

Specifically, various experiments can prove low off-state current of a transistor
including a channel formation region in a highly-purified oxide semiconductor film.
For example, even when an element has a channel width of 1 x 10° um and a channel
length of 10 um, off-state current can be lower than or equal to the measurement limit
of a semiconductor parameter analyzer, i.c., lower than or equal to 1 x 107 A, at a
voltage (drain voltage) between a source electrode and a drain electrode of 1 to 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 zAum. In addition, a capacitor and a transistor
were connected to each other and off-state current was measured using a circuit in
which electric charge flowing to or from the capacitor is controlled by the transistor.

In the measurement, a highly-purified oxide semiconductor film was used in the channel
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formation region of the transistor, and the off-state current of the transistor was
measured from a change in the amount of electric charge of the capacitor per unit hour.
As a result, it can be seen 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 yoctoamperes per micrometer is obtained. Accordingly, the transistor
including the highly-purified oxide semiconductor film in the channel formation region
has much lower off-state current than a crystalline silicon transistor.

[0137]

In the case where an oxide semiconductor film is used as the 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. Aluminum (Al) is preferably contained as a
stabilizer. Zirconium (Zr) is preferably contained as a stabilizer.

[0138]

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 sputtering or a wet process. Furthermore, 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.

[0139]

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.

[0140]

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
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oxide (also referred to as IGZO), 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, or an In-Hf-Al-Zn-based
oxide can be used as an oxide semiconductor.

[0141] ‘

Note that, for example, an In-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. Furthermore, the
In-Ga-Zn-based oxide has high mobility.

[0142]

For example, an In-Ga-Zn-based oxide with an atomic ratio of In:Ga:Zn =
1:1:1 (= 1/3:1/3:1/3) or In:Ga:Zn = 2:2:1 (= 2/5:2/5:1/5), or an oxide whose composition
is in the neighborhood of the above composition can be used. Alternatively, an
In-Sn-Zn-based oxide with an atomic ratio of In:Sn:Zn = 1:1:1 (= 1/3:1/3:1/3), In:Sn:Zn
= 2:13 (= 1/3:1/6:1/2), or In:Sn:Zn = 2:1:5 (= 1/4:1/8:5/8), or an oxide whose
composition is in the neighborhood of the above composition is preferably used.

[0143]

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

[0144] ‘
The structure of the oxide semiconductor film is described below.

[0145]
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An oxide semiconductor film is roughly classified into a single-crystal oxide
semiconductor film and a non-single-crystal oxide semiconductor film.  The
non-single-crystal oxide semiconductor film means any of an amorphous oxide
semiconductor film, a microcrystalline oxide semiconductor film, a polycrystalline
oxide semiconductor film, a c-axis aligned crystalline oxide semiconductor (CAAC-OS)
film, and the like.

[0146]

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

[0147]

The microcrystalline oxide semiconductor film includes a microcrystal (also
referred to as nanocrystal) of greater than or equal to 1 nm and less than 10 nm, for
example. Thus, the miérocrystalline oxide semiconductor film has higher degree of
atomic order than the amorphous oxide semiconductor film. Hencé, the density of
defect states of the microcrystalline oxide semiconductof film is lower than that of the
amorphous oxide semiconductor film.

[0148]

The CAAC-OS film is one of oxide semiconductor films including a plurality
of crystal parts, and most of the crystal parts each fit into 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 into 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. The CAAC-OS film is described in detail
below.

[0149]

In a transmission electron microscope (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. '

[0150]
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According to the TEM image of the CAAC-OS film observed in a direction
substantially parallel to a sample surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each metal atom layer has a
morphology reflected by a surface over which the CAAC-OS film is formed (hereinafter,
a surface over which the CAAC-OS film is formed is referred to as a formation surface)
or a top surface of the CAAC-OS film, and is arranged in parallel to the formation
surface or the top surface of the CAAC-OS film.

[0151]

In this specification, the term “parallel” indicates that an angle formed between
two straight lines is —10 to 10°, and accordingly includes the case where the angle is —5
to 5°. In addition, the term “perpendicular” indicates that an angle formed between
two straight lines is 80 to 100°, and accordingly includes the case where the angle is 85
to 95°.

[0152]

On the other hand, according to the TEM image of the CAAC-OS film
observed in a direction substantially perpendicular to the sample surface (planar 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.

[0153]

From the results of the cross-sectional TEM image and the planar TEM image,
alignment is found in the crystal parts in the CAAC-OS film.
[0154]

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
InGaZnO;4 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.

[0155]
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On the other hand, when the CAAC-OS film is analyzed by an in-plane method
in which an X-ray enters a sample in a direction substantially perpendicular to the c-axis,
a peak appears frequently when 26 is around 56°. This peak is derived from the (110)
plane of the InGaZnOj4 crystal. Here, analysis (¢ scan) is performed under conditions
where the sample is rotated around a normal vector of a sample surface as an axis (¢
axis) with 26 fixed at around 56°. In the case. where the sample is a single-crystal
oxide semiconductor film of InGaZnO,, six peaks appear. The six peaks are derived
from crystal planes equivalent to the (110) plane. On the other hand, in the case of a
CAAC-OS film, a peak is not clearly observed even when ¢ scan is performed with 26
fixed at around 56°.

[0156]

According to the above resuits, in the CAAC-OS film having c-axis alignment,
while the directions of a-axes and b-axes are different between érystal 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 which is arranged in a layered
manner and observed in the cross-sectional TEM image corresponds to a plane parallel
to the a-b plane of the crystal.

[0157]
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 the 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.
[0158]

Furthermore, the 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 crystallinity in the vicinity of the top
surface is higher than that in the vicinity of the formation surface in some cases.

Furthermore, when an impurity is added to the CAAC-OS film, the crystallinity in a
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region to which the impurity is added is changed, and the crystallinity in the CAAC-OS
film varies depending on regions.
[0159] ,

Note that when the CAAC-OS film with an InGaZhO4 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 28 appear at around 31° and a peak of 26 do not

appear at around 36°.
[0160] _

In a transistor including the CAAC-OS film, changes in electrical
characteristics of the transistor due to irradiation with visible light or ultraviolet light are
small. Thus, the transistor has high reliability.

[0161]

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.

[0162]
<Electronic Device Examples>

A storage device or semiconductor device according to one embodiment of the
present invention can be used for display devices, personal computers, or image
reproducing devices provided with recording media (typically, devices that reproduce
the content of recording media such as digital versatile discs (DVD) and have displays
for displaying the reproduced images). Furthermore, as electronic devices that can
include the storage device or semiconductor device according to one embodiment of the
present invention, cellular phones, game machines (including portable game machines),
portable information terminals, e-book readers, cameras such as video cameras and
digital still cameras, goggle-type displays (head mounted displays), navigation systems,
audio reproducing devices (e.g., car audio systems and digital audio players), copiers,
facsimiles, printers, multifunction printers, automated teller machines (ATM), vending

machines, and the like can be given. FIGS. 12A to 12F illustrate specific examples of
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these electronic devices.
[0163]

FIG. 12A illustrates a portable game machine, which includes a housing 5001,
a housing 5002, a display portion 5003, a display portion 5004, a microphone 5005,
speakers 5006, an operation key 5007, a stylus 5008, and the like. Note that although
the portable game machine in FIG. 12A has the two display portions 5003 and 5004, the
number of display portions included in the portable game machine is not limited thereto.
[0164]

FIG. 12B illustrates a portable information terminal, 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.

- An image on the first display portion 5603 may be switched depending on the angle

between the first housing 5601 and the second housing 5602 at the joint 5605. A
display device with a position input function may be used as at least one of the first
display portion 5603 and the second display portion 5604. Note that the position input
function can be added by providing a touch panel in a display device. Alternatively,
the position input function can be added by providing a photoelectric conversion
element called a photosensor in a pixel portion of a display device.
[0165]

FIG. 12C illustrates a laptop, which includes a housing 5401, a display portion
5402, a keyboard 5403, a pointing device 5404, and the like.
[0166]

FIG. 12D illustrates an electric refrigerator-freezer, which includes a housing
5301, a refrigerator door 5302, a freezer door 5303, and the like.
[0167]

FIG. 12E 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
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housing 5801, and the display portion 5803 is provided in the second housing 5802.
The first housing 5801 and the second housing 5802 are connected to each other with
the joint 5806, and an angle between the first housing 5801 and the second housing
5802 can be changed with the joint 5806. An image on the display portion 5803 may
be switched depending on the angle between the first housing 5801 and the second
housing 5802 at the joint 5806.
[0168]

FI1G. 12F illustrates an ordinary motor vehicle, which includes a car body 5101,

wheels 5102, a dashboard 5103, lights 5104, and the like.

REFERENCE NUMERALS

[0169]

10: storage device, 10a: storage device, 10b: storage device, 11: transistor, 12: transistor,
13: logic element, 14: memory cell, 15: capacitor, 16: semiconductor element, 16t:
transistor, 17: wiring, 17a: wiring, 17b: wiring, 18: transistor, 19: transistor, 20: wiring,
21: wiring, 22: inverter, 30: celf array, 40: PLD, 41: logic block, 41-1: logic block, 41-2:
logic block, 42: LUT, 43: flip-flop, 44: input terminal, 45: output terminal, 46: output
terminal, 47: AND circuit, 48: multiplexer, 121: wiring group, 122: switch circuit, 123:
routing resource, 124: output terminal, 125: wiring, 126: wiring, 127: transistor, 128:
transistor, 129: transistor, 130: transistor, 131: transistor, 132: transistor, 140: /O
element, 141: PLL, 142: RAM, 143: multiplier, 400: substrate, 401: insulating film,
402: semiconductor film, 403: gate insulating film, 404: gate electrode, 405: first region,
406: second region, 407: second region, 408: semiconductor film, 409: gate insulating
film, 410: gate electrode, 411: first region, 412: second region, 413: second region, 414:
semiconductor film, 415: gate insulating film, 416: gate electrode, 417: first region,
418: second region, 419: second region, 420: insulating film, 423: wiring, 424: wiring,
425: wiring, 426: wiring, 427: wiring, 430: insulating film, 431: semiconductor film,
432: conductive film, 433: conductive film, 434: gate insulating film, 435: gate
electrode, 436: conductive film, 441: insulating film, 442: insulating film, 443:
conductive film, 445: wiring, 5001: housing, 5002: housing, 5003: display portion,
5004: display portion, 5005: microphone, 5006: speaker, 5007: operation key, 5008:
stylus, 5101: car body, 5102: wheel, 5103: dashboard, 5104: light, 5301: housing, 5302:
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refrigerator door, 5303: freezer door, 5401: housing, 5402: display portion, 5403:
keyboard, 5404: pointing device, 5601: housing, 5602: housing, 5603: display portion,
5604: display portion, 5605: hinge, 5606: operation key, 5801: housing, 5802: housing,
5803: display portion, 5804: operation key, 5805: lens, and 5806: hinge.

This application is based on Japanese Patent Application serial No.
2013-087938 filed with Japan Patent Office on April 19, 2013, the entire contents of

which are hereby incorporated by reference.
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CLAIMS

l. A semiconductor device comprising:
a first transistor; and
5 a logic element,
wherein a first terminal of the first transistor is electrically connected to an
output terminal of the logic element,
wherein the logic element is configured to change a potential of the first
terminal of the first transistor from a first potential into a second potential and then into
10 athird potential when a first signal is input to an input terminal of the logic element,
wherein the second potential is lower than the first potential, and

wherein the third potential is higher than the first potential.

2. The semiconductor device according to claim 1,
15 wherein the logic element comprises a second transistor and a third transistor,
wherein a first terminal of the second transistor is electrically connected to a
first wiri'ng having the first potential,
wherein a first terminal of the third transistor is electrically connected to a
second wiring having the third potential, and
20 wherein a second terminal of the second transistor is electrically connected to a

second terminal of the third transistor.

3. The semiconductor device according to claim 1,
wherein the logic element is configured to change the potential of the first
25  terminal of the first transistor from the first potential into the second potential and then
into the third potential when a potential of the first signal changes from the third

potential into the first potential.

4. The semiconductor device according to claim 1, further comprising a first
30 inverter,
wherein the logic element comprises a second inverter,

wherein the first inverter comprises a second transistor,
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wherein the second inverter comprises a third transistor,

wherein an output terminal of the first inverter is electrically connected to an
input terminal of the second inverter,

wherein an output terminal of the second inverter is electrically connected to
the first terminal of the first transistor, and

wherein a channel length of the third transistor is more than twice a channel

length of the second transistor.

5. The semiconductor device according to claim 1, further comprising a
second transistor,

wherein a first terminal of the second transistor is electrically connected to a
gate of the first transistor, ‘

wherein the logic element comprises a third transistor and a fourth transistor,

wherein a first terminal of the third transistor is electrically connected to a first
wiring having the first potential,

wherein a first terminal of the fourth transistor is electrically connected to a
second wiring having the third potential,

wherein a second terminal of the third transistor is electrically connected to a
second terminal of the fourth transistor,

wherein the logic element is configured to change the potential of the first
terminal of the first transistor from the first botential into the second potential and then
into the third potential when a potential of the first signal changes from the third
potential into the first potential, and

wherein the third potential is supplied to a gate of the second transistor and a
second terminal of the second transistor when the potential of the first signal changes

from the third potential into the first potential.

6. The semiconductor device according to claim 5,
wherein the first transistor is configured to supply a second signal having the
third potential from a second terminal of the first transistor when the potential of the

first signal changes from the third potential into the first potential.
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7. The semiconductor device according to claim 6, further comprising a
capacitor,
wherein the second terminal of the first transistor is electrically connected to a

terminal of the capacitor.

8. A semiconductor device comprising:

a first transistor; and

a logic element,

wherein a first terminal of the first transistor is electrically connected to an
output terminal of the logic element,

wherein the logic element is configured to change a potential of the first
terminal of the first transistor from a first potential into a second potential and then into
a third potential when a first signal is input to an input terminal of the logic element,

wherein the second potential is lower than the first potential,

wherein the third potential is higher than the first potential, and .

wherein the first transistor comprises a channel formation region comprising an

oxide semiconductor.

9. The semiconductor device according to claim 8,

wherein the logic element comprises a second transistor and a third transistor,

wherein a first terminal of the second transistor is electrically connected to a
first wiring having the first potential,

wherein a first terminal of the third transistor is electrically connected to a
second wiring having the third potential, and

wherein a second terminal of the second transistor is electrically connected to a

second terminal of the third transistor.

10. The semiconductor device according to claim 8,

wherein the logic element is configured to change the potential of the first
terminal of the first transistor from the first potential into the second potential and then
into the third potential when a potential of the first signal changes from the third

potential into the first potential.
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I1.  The semiconductor device according to claim 8, further comprising a first
inverter,

wherein the logic element comprises a second inverter,

wherein the first inverter comprises a second transistor,

wherein the second inverter comprises a third transistor,

wherein an output terminal of the first inverter is electrically connected to an
input terminal of the second inverter,

wherein an output terminal of the second inverter is electrically connected to
the first terminal of the first transistor, and

wherein a channel length of the third transistor is more than twice a channel

length of the second transistor.

12.  The semiconductor device according to claim 8, further comprising a
second transistor,

wherein a first terminal of the second transistor is electrically connected to a
gate of the first transistor,

wherein the logic element comprises a third transistor and a fourth transistor,

wherein a first terminal of the third transistor is electrically connected to a first
wiring having the first potential,

wherein a first terminal of the fourth transistor is electrically connected to a
second wiring having the third potential, )

wherein a second terminal of the third transistor is electrically connected to a
second terminal of the fourth transistor,

wherein the logic element is configured to change the potential of the first
terminal of the first transistor from the first potential into the second potential and then
into the third potential when a potential of the first signal changes from the third
potential into the first potential, and

wherein the third\potential is supplied to a gate of the second transistor and a
second terminal of the second transistor when the potential of the first signal changes

from the third potential into the first potential.



10

15

20

25

30

WO 2014/171500 PCT/JP2014/060887

45

13.  The semiconductor device according to claim 12,
wherein the first transistor is configured to supply a second signal having the
third potential from a second terminal of the first transistor when the potential of the

first signal changes from the third potential into the first potential.

14. The semiconductor device according to claim 13, wherein the oxide

semiconductor comprises In, Ga, and Zn.

15. A semiconductor device comprising:

a first transistor;

a fifth transistor;

a logic element;

a first logic block; and

a second logic block,

wherein a first terminal of the first transistor is electrically connected to an
output terminal of the logic element,

wherein a second terminal of the first transistor is electrically connected to a
gate of the fifth transistor,

wherein a first terminal of the fifth transistor is electrically connected to an
output terminal of the first logic block,

wherein a second terminal of the fifth transistor is electrically connected to an
input terminal of the second logic block, |

wherein the first logic block comprises a first configuration memory
configured to store first configuration data,

wherein the second logic block comprises a second configuration memory
configured to store second configuration data,

wherein the logic element is configured to change a potential of the first
terminal of the first transistor from a first potential into a second potential and then into
a third potential when a first signal is input to an input terminal of the logic element,

wherein the second potential is lower than the first potential,

wherein the third potential is higher than the first potential, and

wherein the first transistor comprises a channel formation region comprising an
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oxide semiconductor.

16. The semiconductor device according to claim 15,

wherein the logic element comprises a second transistor and a third transistor,

wherein a first terminal of the second transistor is electrically connected to a
first wiring having the first potential,

wherein a first terminal of the third transistor is electrically connected to a
second wiring having the third potential, and

wherein a second terminal of the second transistor is electrically connected to a

second terminal of the third transistor.

17. The semiconductor device according to claim 15,

wherein the logic element is configured to change the potential of the first
terminal of the first transistor from the first potential into the second potential and then
into the third potential when a potential -of the first signal changes from the third

potential into the first potential.

18. The semiconductor device according to claim 15, further comprising a
first inverter,

wherein the logic element comprises a second inverter,

wherein the first inverter comprises a second transistor,

wherein the second inverter comprises a third transistor,

wherein an output terminal of the first inverter is electrically connected to an
input terminal of the second inverter, |

wherein an output terminal of the second inverter is electrically connected to
the first terminal of the first transistor, and

wherein a channel length of the third transistor is more than twice a channel

length of the second transistor.

19.  The semiconductor device according to claim 15, further comprising a
second transistor,

wherein a first terminal of the second transistor is electrically connected to a
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gate of the first transistor,
wherein the logic element comprises a third transistor and a fourth transistor,
wherein a first terminal of the third transistor is electrically connected to a first
wiring having the first potential,
5 wherein a first terminal of the fourth transistor is electrically connected to a
second wiring having the third potential,
wherein a second terminal of the third transistor is electrically connected to a
second terminal of the fourth transistor,
wherein the logic element is configured to change the potential of the first
10 terminal of the first transistor from the first potential into the second potential and then
into the third potential when a potential of the first signal changes from the third
potential into the first potential, and
wherein the third potential is supplied to a gate of the second transistor and a
second terminal of the second transistor when the potential of the first signal changes

15 from the third potential into the first potential.

20. The semiconductor device according to claim 19,
wherein the first transistor is configured to supply a second signal having the
third potential from a second terminal of the first transistor when the potential of the

20  first signal changes from the third potential into the first potential.
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