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DESCRIPTION
SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a semiconductor device. The present invention
particularly relates to a semiconductor device in which the supply of power supply
voltage is stopped as appropriate.

[0002]
Note that in this specification, a semiconductor device means a device including

a semiconductor element or a circuit including a semiconductor element.

BACKGROUND ART
[0003]

A semiconductor device such as a programmable logic device (PLD) or a central
processing unit (CPU) has a variety of configurations depending on its application. The
semiconductor device generally includes a memory device; the PLD includes a register
and a configuration memory, and the CPU includes a register and a cache memory.
[0004] |

| These memory devices need to operate at higher speed in writing and reading
data than a main memory for which a DRAM is generally used. Thus, in many cases, a
flip-flop is used as a register, and a static random access memory (SRAM) is used as a
configuration memory and a cache memory.
[0005]

The SRAM achieves high-speed operation with miniaturization of a transistor;
however, there is a problem in that as the transistor is miniaturized, an increase in leakage
current becomes obvious and thus, power consumption is increased. In order to reduce
power consumption, an attempt has been made to stop the supply of power supply voltage
to a semiconductor device in a period when data is not input or output, for example.
[0006]

However, a flip-flop used as a register and an SRAM used as a cache memory are
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volatile memory devices. Therefore, in the case where the supply of power supply
voltage to a semiconductor device is stopped, data which has been lost in a volatile
memory device such as a register or a cache memory need to be restored after the supply
of power supply voltage is restarted.

[0007]

In view of'this, a semiconductor device in Which a nonvolatile memory device is
located on the periphery of a volatile memory device has been developed. For example,
Patent Document 1 discloses a technique in which data held by a flip-flop or the like is
stored in a ferroelectric memory before the supply of power supply voltage is stopped,
and the data stored in the ferroelectric memory is restored to the flip-flop or the like after
the supply of power supply voltage is restarted. '
[0008]

| One effective method for reducing power consumption of a semiconductor
device such as a PLD or a CPU is to decrease power supply voltage. Power
consumption is proportional to power supply voltage; therefore, as power supply
voltage decreases, power consumption can be reduced.
[0009]

However, a low power supply voltage results in a low ratio of on-state current
to off-state current of a transistor. This causes a logic circuit to have an unstable
output voltage and the transistor to have an increased leakage current. '
[0010]

In view of this, a circuit for ensuring a sufficient ratio of on-state current to
off-state - current of a transistor has been proposed. For éxample, Non-Patent
Document 1 discloses a flip-flop for which a Schmitt trigger circuit is used and which
can be driven at low voltage. With the use of a Schmitt trigger circuit for a flip-flop, a
stable output voltage can be obtained even at a low power supply voltage, and power
consumption can be reduced with a low flow-through current.

[Patent Document]

[0011]

[Patent Document 1] Japanese Published Patent Application No. H10-078836
[Non-Patent Document]

[0012]
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[Non-Patent Document 1] N. Lotze et al, “A 62 mV 0.13 pm CMOS
Standard-Cell-Based Design Technique Using Schmitt-Trigger Logic,” I[EEE
JOURNAL OF SOLID-STATE CIRCUITS, Vol. 47, No. 1, pp. 47-60, January 2012

DISCLOSURE OF INVENTION
[0013]

An object of one embodiment of the present invention is to provide a
nonvolatile semiconductor device which can be driven at low volitage. Another object
of one embodiment of the present invention is to provide a nonvolatile semiconductor
device which can be driven at low voltage and is resistant to process variations.
Another object of one embodiment of the present invention is to provide a nonvolatile
semiconductor device with low power consumption. |
[0014]

One embodiment of the present invention is a semiconductor device including
a Schmitt trigger NAND and a Schmitt trigger inverter. In the semiconductor device,
data is held in a period when the supply of power supply voltage is continued, and a
potential corresponding to the data is stored at a node electrically connected to a
capacitor before a period when the supply of power supply voltage is stopped. By
utilizing a change in channel resistance of a transistor whose gate is connected to the
node, the data is restored in response to the restart of the supply of power supply voltage.
[0015]

One embodiment of the present invention is a semiconductor device including
a first memory circuit portion and a sécond memory circuit portion. The first memory
circuit portion includes a Schmitt trigger NAND circuit, a first node capable of holding
one of a first potential and a second potential, and a second node capable of holding the
other of the first potential and the second potential. The second memory circuit
portion includes first and second Schmitt trigger inverters, first to sixth transistors, and
first and second capacitors. An input terminal of the first Schmitt trigger inverter is
electrically connected to the first node. An output terminal of the first Schmitt trigger
inverter is electrically connected to one of a source and a drain of the first transistor. A
gate of the first transistor is electrically connected to a wiring to which a first control

signal is supplied. The other of the source and the drain of the first transistor is
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electrically connected to a third node. A first electrode of the first capacitor is

electrically connected to the third node. A second electrode of the first capacitor is

electrically connected to a wiring to which the first potential is supplied. One of a

source and a drain of the second transistor is electrically connected to the first node. A
gate of the second transistor is electrically connected to a wiring to which a second
control signal is Supplied. The other of the source and the drain of the second
transistor is electrically connected to one of a source and a.drain of the third transistor.
A gate of the third transistor is electrically connected to the third node. The other of
the source and the drain of the third transistor is electrically connected to the wiring to
which the first potential is supplied. An input terminal of the second Schmitt trigger
inverter is electrically connected to the second node.  An output terminal of the second
Schmitt trigger inverter is electrically connected to one of a source and a drain of the
fourth transistor. A gate of the fourth transistor is electrically connected to the wiring
to which the first control signal is supplied. The other of the source and the drain of
the fourth transistor is electrically connected to a fourth node. A first electrode of the
second capacitor is electrically connected to the fourth node. A second electrode of the
second ‘cépacitor is electrically connected to the wiring to which the first potential is
supplied. One of a source and a drain of the fifth transistor is electrically connected to
the second node. A gate of the fifth transistor is electrically connected to the wiring to
which the second control signal is supplied. The other of the source and the drain of
the fifth transistor is electrically connected to one of a source and a drain of the sixth
transistor. A gate of the sixth transistor is electrically connected to the fourth node.
The other of the source and the drain of the sixth transistor is electrically connected to
the wiring to which the first potential is supplied. The first transistor and the fourth
transistor each include a semiconductor film containing an oxide semiconductor.

[0016]

In one embodiment of the present invention, it is preferable that the first
memory circuit portion hold the one of the first potential and the second potential at the
first node and the other of the first potential and the second potential at the second node in
a period when the supply of power supply voltage is continued, and that the second
memory circuit portion hold the other of the first potential and the second potential at the

third node and the one of the first potential and the second potential at the fourth node in a
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period when the supply of power supply voltage is stopped.
[0017]

According to one embodiment of the present invention, a nonvolatile
semiconductor device which can be driven at low voltage can be provided. According
to one embodiment of the present invention, a nonvolatile semiconductor device which
can be driven at low voltage and is resistant to process variations can be provided.
According to one embodiment of the present invention, a nonvolatile semiconductor

device with low power consumption can be provided.

BRIEF DESCRIPTION OF DRAWINGS
[0018]
FIG. 1 is a circuit diagram of a semiconductor device.
. FIGS. 2A and 2B are circuit diagrams of a semiconductor device.
FIGS. 3A and 3B are circuit diagrams of a semiconductor device.
FIG. 4 is a timing chart for a semiconductor device.
FIG. 5 is a circuit diagram of a semiconductor device.
FIG. 6 is a timing chart of a semiconductor device.
FIG. 7 is a circuit diagram of a semiconductor device.
FIGS. 8A and 8B are circuit diagrams of a semiconductor device.
FIG. 9 is a timing chart for a semiconductor device.
FIG. 10 is a block diagram of a semiconductor device.
FIG. 11 is a block diagram of a semiconductor device.
FIGS. 12A and 12B are circuit diagrams of semiconductor devices.
FIG. 13 is a block diagram of a semiconductor device.
FIG. 14 is a block diagram of a semiconductor device.
FIG. 15 illustrates an example of a structure of a semiconductor device.
FIGS. 16A and 16B each illustrate an example of a structure of a
semiconductor device.

FIGS. 17A to 17F illustrate examples of electronic devices.

BEST MODE FOR CARRYING OUT THE INVENTION
[0019]
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Examples of embodiments of the present invention will be described with
reference to the accompanying drawings. Note that the present invention is not limited
to the following description, and it will be easily understood by those skilled in the art that
various changes and modifications of embodiments and details of the present invention
can be made without departing from the spirit and scope of the present invention.
Therefore, the present invention should not be construed as being limited to the
description in the following embodiments. Note that, in description with reference to
the drawings, the same components in different diagrams may be commonly denoted by
the same reference numeral. Furthermore, the same hatch pattern is applied to similar
parts, and the similar parts are not especially denoted by reference numerals in some
cases.

[0020]
(Embodiment 1)

In this embodiment, an example of a semiconductor device including a
nonvolatile portion and a volatile portion is described.
[0021]

FIG. 1 is a circuit diagram of a latch circuit. The latch circuit illustrated in
FIG. 1 includes a first memory circuit portion 100 and a second memory circuit portion
150. The first memory circuit portion 100 has a function of holding a potential
corresponding to data in a period when power supply voltage is continuously supplied.
The second memory circuit portion 150 has a function of holding a potential
corresponding to data in a period when the supply of power supply voltage is stopped.
[0022]

The first memory circuit portion 100 includes a gate portion 101 and a latch
portion 102.

[0023]

The gate portion 101 includes a Schmitt trigger NAND circuit (hereinafter also
referred to as ST-NAND) 110 and an ST-NAND 111.

[0024]

A first input terminal of the ST-NAND 110 is electrically connected to a wiring
to which a data signal D is supplied. A second input terminal of the ST-NAND 110 is

eleétrically connected to a wiring to which a clock signal C is supplied. An output
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terminal of the ST-NAND 110 is electrically connected to a first input terminal of the
ST-NAND 111 and a first input terminal of an ST-NAND 112 of the latch portion 102.
[0025]

A second input terminal of the ST-NAND 111 is electrically connected to the
wiring to which the clock signal C is supplied. An output terminal of the ST-NAND

111 is electrically connected to a second input terminal of an ST-NAND 113 of the latch

. portion 102.

[0026]

The latch portion 102 includes the ST-NAND 112 and the ST-NAND 113.
[0027]

The first input terminal of the ST-NAND 112 is electrically connected to the
output terminal of the ST-NAND 110. A second input terminal of the ST-NAND 112
is electrically connected to an output terminal of the ST-NAND 113. An output
terminal of the ST-NAND 112 is electrically connected to a first input terminal of the
ST-NAND 113.

[0028]

The second input terminal of the ST-NAND 113 is electrically connected to the
output terminal of the ST-NAND 111.

[0029]

The second memory circuit portion 150 includes a first block 151 and a second
block 152.

[0030]

The first block 151 includes a Schmitt trigger inverter (hereinafter also referred
to as ST-INV) 160, an n-channel transistor 161, an n-channel transistor 162, an
n-channel transistor 163, and a capacitor 164.

[0031] _

An input terminal of the ST-INV 160 is electrically connected to the output
terminal of the ST-NAND 113 of the latch portion 102. An output terminal of the
ST-INV 160 is electrically connected to one of a source and a drain of the transistor 161.
[0032] _

A gate of the transistor 161 is electrically connected to a wiring to which a

control signal Save (hereinafter also referred to as control signal S) is supplied. The
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other of the source and the drain of the transistor 161 is electrically connected to a gate
of the transistor 163 and a first electrode of the capacitor 164.
[0033]

One of a source and a drain of the transistor 162 is electrically connected to the
output terminal of the ST-NAND 113 of the latch portion 102. The other of the source

and the drain of the transistor 162 is. electrically connected to one of a source and a

- drain of the transistor 163. A gate of the transistor 162 is electrically connected to a

wiring to which a control signal Load (hereinafter also referred to as control signal L) is
supplied.
[0034]

A second electrode of the capacitor 164 and the other of the source and the
drain of the transistor 163 are electrically connected to a wiring to which a potential V1
is supplied.

[0035]

The second block 152 includes an ST-INV 170, an n-channel transistor 171, an
n-channel transistor 172, an n-channel transistor 173, and a capacitor 174.

[0036]

An input terminal of the ST-INV 170 is electrically connected to the output
terminal of the ST-NAND 112 of the latch portion 102. An output terminal of the
ST-INV 170 is electrically connected to one of a source and a drain of the transistor 171.
[0037]

A gate of the transistor 171 is electrically connected to the wiring to which the
control signal S is supplied. The other of the source and the drain of the transistor 171
is electrically connected to a gate of the transistor 173 and a first electrode of the
capacitor 174.

[0038]

One of a source and a drain of the transistor 172 is electrically connected to the
output terminal of the ST-NAND 112 of the latch portion 102. The other of the source
and the drain of the transistor 172 is electrically connected to one of a source and a
drain of the transistor 173. A gate of the transistor 172 is electrically connected to the
wiring to which the control signal L is supplied.

[0039]
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A second electrode of the capacitor 174 and the other of the source and the
drain of the transistor 173 are electrically connected to the wiring to which the potential
V1 is supplied.

[0040]

Note that a point where the output terminal of the ST-NAND 112 and the input
terminal of the ST-INV 170 are electrically connected is referred to as a node 116, and a
point where the output terminal of the ST-NAND 113 and the input terminal of the
ST-INV 160 are electrically connected is referred to as a node 117.

[0041]

Note that thé number of inputs of each logic gate (ST-NAND or ST-INV) used
in the first memory circuit portion 100 and the second memory circuit portion 150 is
preferably 2 or less. This configuration can reduce the effect of variation in threshold
voltage of transistors.

[0042]

Note that it is preferable that the transistors 161 and 171 be transistors with
small leakage current in a non-conductive state (small off-state current). Here, the
term “small leakage current” means that a normalized off-state current per micrometer in
channel width at room temperature is less than or equal to 10 zA. Since the off-state
current is preferably as small as possible, the no'rmalized off-state current is preferably
less than or equal to 1 zA, more preferably less than or equal to 10 yA, still more
preferably less than or equal to 1 yA. Note that voltage between a source and a drain in
that case is, for example, approximately 0.1 V, 5 V,or 10 V.  An example of a transistor
with such a small off-state current is a transistor including an oxide semiconductor in a
channel. '
[0043]

An ST-NAND and an ST-INV are described here.

[0044]

FIG. 2A illustrates an ST-NAND 203 having a first input terminal, a second
input terminal, and an output terminal which are electrically connected to a wiring 200,
a wiring 201, and a wiring 202, respectively. FIG. 2B illustrates an example of a
specific configuration of the ST-NAND 203 illustrated in FIG. 2A.

[0045]
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The ST-NAND 203 illustrated in FIG. 2B includes p-channel transistors 210,
211,216, 217, and 218 and n-channel transistors 212, 213, 214, 215, and 219.

[0046]

One of a source and a drain of the transistor 210 is electrically connected to a
wiring to which a potential V2 is supplied. A gate of the transistor 210 is electrically
connected to the wiring 200. The other of the source and the drain of the transistor 210
is electrically connected to one of a source and a drain of the transistor 211.

[0047]

A gate of the transistor 211 is electrically connected to the wiring 200. The
other of the source and the drain of the transistor 211 is electrically connected to one of
a source and a drain of the transistor 212 and the wiring 202.

[0048]

A gate of the transistor 212 is electrically connected to the wiring 200. The
other of the source and the drain of the transistor 212 is electrically connected to one of
a source and a drain of the transistor 213.

[0049]

A gate of the transistor 213 is electrically connected to the wiring 201. The
other of the source and the drain of the transistor 213 is electrically connected to one of a
source and a drain of the transistor 214 and one of a source and a drain of the transistor
219.

[0050]

A gate of the transistor 214 is electrically connected to the wiring 200. The
other of the source and the drain of the transistor 214 is electrically connected to one of
a source and a drain of the transistor 215.

[0051]

A gate of the transistor 215 is electrically connected to the wiring 201. The
other of the source and the drain of the transistor 215 is electrically connected to a
wiring to which a potential V1 is supplied.

[0052]

One of a source and a drain of the transistor 216 is electrically connected to the

wiring to which the potential V2 is supplied. The other of the source and the drain of

the transistor 216 is electrically connected to the other of the source and the drain of the
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transistor 210, the one of the source and the drain of the transistor 211,. one of a source
and a drain of fhe transistor 217, and one of a source and a drain of the transistor 218.
A gate of the transistor 216 is electrically connected to the wiring 201.

[0053]

A gate of the transistor 217 is electrically connected to the wiring 201.  The
other of the source and the drain of the transistor 217 is electrically connected to the
other of the source and the drain of the transistor 211, the one of the source and the
drain of the transistor 212, and the wiring 202.

[0054]

A gate of the transistor 218 is electrically connected to the other of the source
and the drain of the transistor 211, the one of the source and the drain of the transistor
212, the other of the source and the drain of the transistor 217, a gate of the transistor
219, and the wiring 202. The other of the source and the drain of the transistor 218 is
electrically connected to the wiring to which the potential V1 is supplied.

[0055]

The other of the source and the drain of the transistor 219 is electrically
connected to the wiring to which the potential V2 is supplied.
[0056]

The transistor 218 has a function of controlling an electrical connection
between a node where the other of the source and the drain of the transistor 210, the one
of the source and the drain of the transistor 211, the other of the source and the drain of
the transistor 216, and the one of the source and the drain of the transistor 217 are
electrically connected and the wiring to which the potential V1 is supplied, in
accordance with the potential of the wiring 202.

[0057]

The transistor 219 has a function of controlling an electrical connection
between a node where the other of the source and the drain of the transistor 213 and the
one of the source and the drain of the transistor 214 are electrically connected and the
wiring to which the potential V2 is supplied, in accordance with the potential of the
wiring 202.

[0058]

Note that in this specification, the potential V1 is a low power supply potential
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VSS, and the potential V2 is a high power supply potential VDD. Note that the

- potential V1 may be a ground potential GND.

[0059]

A potential held in accordance with the potential V1 may be referred to as a
potential at an “L level,” and a potential held in accordance with the potential V2 may
be referred to as a potential at an “H level.”

[0060]

The ST-NAND 203 illustrated in FIG. 2B can prevent the potential of the
wiring 202 from. decreasing when the potential of the wiring 202 should be at the H
level or prevent the potential of the wiring 202 from increasing when the potential of the
wiring 202 should be at the L level, even in the case where power supply voltage is low.
[0061]

FIG. 3A illustrates an ST-INV 302 having an input terminal and an output
terminal which are electrically connected to a wiring 300 and a wiring 301, respectively.
FIG. 3B illustrates an’example of a specific configuration of the ST-INV 302 illustrated
in FIG. 3A.

[0062]

The ST-INV 302 illustrated in FIG. 3B includes p-channel transistors 310, 311,
and 314 and n-channel transistors 312, 313, and 315.

[0063]

One of a source and a drain of the transistor 310 is electrically connected to a
wiring to which the potential V2 is supplied. The other of the source and the drain of the
transistor 310 is electrically connected to one of a source and a drain of the transistor 311
and one of a source and a drain of the transistor 314. A gate of the transistor 310 is
electrically connected to the wiring 300.

[0064]

A gate of the transistor 311 is electrically connected to the wiring 300. The
other of the source and the drain of the transistor 311 is electrically connected to one of
a source and a drain of the transistor 312 and the wiring 301.

[0065]
A gate of the transistor 312 is electrically connected to the wiring 300. The

other of the source and the drain of the transistor 312 is electrically connected to one of a
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source and a drain of the transistor 313 and one of a source and a drain of the transistor
31S.
[0066]

A gate of the transistor 313 is electrically connected to the wiriﬁg 300. The
other of the source and the drain of the transistor 313 is electrically connected to a
wiring to which the potential V1 is supplied.

[0067)

The other of the source and the drain of the transistor 314 is electrically
connected to the wiring to which the potential V1 is supplied. A gate of the transistor
314 is electrically connected to a gate of the transistor 315 and the wiring 301.

[0068]

The other of the source and the drain of the transistor 315 is electrically
connected to the wiring to which the potential V2 is supplied.
[0069]

The transistor 314 has a function of controlling an electrical connection
between a node where the other of the source and the drain of the transistor 310 and the
one of the source and the drain of the transistor 311 are electrically connected and the
wiring to which the potential V1 is supplied, in accordance with the potential of the
wiring 301.

[0070]

The transistor 315 has a function of controlling an electrical connection
between a node where the other of the source and the drain of the transistor 312 and the
one of the source and the drain of the transistor 313 are electrically connected and the
wiring to which the potential V2 is supplied, in accordance with the potential of the
wiring 301.

[0071]

The ST-INV 302 illustrated in FIG. 3B can prevent the potential of the wiring
301 from decreasing when the potential of the wiring 301 should be at the H level or
prevent the potential of the wiring 301 from increasing when the potential of the wiring
301 should be at the L level, even in the case where power supply voltage is low.

[0072] |

Next, the operation of the latch circuit illustrated in FIG. 1 is described with
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reference to a timing chart in FIG. 4.
[0073]

In FIG. 4, D denotes the potential of the wiring to which the data signal is
supplied; C denotes the potential of the wiring to which the clock signal is supplied; S
denotes the potential of the wiring to which the control signal Save is supplied; L
denotes the potential of the Wiring to which the control signal Load is supplied;
reference numeral 114 denotes the output potential of the ST-NAND 110; reference
numeral 115 denotes the output potential of the ST-NAND 111; reference numeral 116
denotes the potential of the node 116; reference numeral 117 denotes the potential of the
node 117; reference numeral 165 denotes the potential of a node 165 where the other of
the source and the drain of the transistor 161, the gate of the transistor 163, and the first
electrode of the capacitor 164 are electrically connected; and reference numeral 175
denotes the potential of a node 175 where the other of the source and the drain of the
transistor 171, the gate of the transistor 173, and the first electrode of the capacitor 174
are electrically connected.

[0074]

The data signal has a potential at the H level or at the L level, which is denoted
by “data0” here. An inverted data value of “data0” is represented with a slash as
“/data0.”

[0075]

The timing chart in FIG. 4 shows states of the latch circuit in periods P1 to P4.
The period P1 is a normal operation period. The period P2 is a data transfer period.
The period P3 is an operation stop period. The period P4 is a transition period for
operation restart.

[0076]

In the timing chart in FIG. 4, times TO to T4 are added in order to describe the
timings of operations in the periods P1 to P4.
[0077]

At the time TO, the data signal changes from data0 to datal. In addition, the
clock signal becomes the H level. At this time, the output potential 114 of the
ST-NAND 110 becomes /datal; the output potential 115 of the ST-NAND 111 becomes
datal; the potential of the node 116 becomes datal; the potential of the node 117
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becomes /datal; and the data are input to the latch portion 102.
[0078] _

At the time TO1, the clock signal becomes the L level. At this time, the output
potential 114 of the ST-NAND 110 and the output potential 115 of the ST-NAND 111
become the H level; the potential of the node 116 remains datal; the potential of the
node 117 remains /datal; and the data are held by the latch portion 102.

[0079]

At the time T1, the clock signal is fixed at the L level, and the control signal
Save becomes the H level. At this time, the latch portion 102 remains in a data
holding state; thus, the potential of the node 116 remains datal, and the potential of the
node 117 remains /datal. The potential of the node 116 is transmitted to the node 175
through the ST-INV 170, so that the potential of the node 175 becomes /datal. In
addition, the potential of the node 117 is transmitted to the node 165 through the
ST-INV 160, so that the potential of the node 165 becomes datal. In this manner, the
data can be transferred from the first memory circuit portion 100 to the second memory
circuit portion 150.

[0080]

At the time T2, the supply of the power supply voltage is stopped and the
control signal Save becomes the L level. At this time, the node 165 and the node 175
are brought into a floating state, where the data are held. In this manner, the second
memory circuit portion 150 holds the data, and the first memory circuit portion 100
loses the data.

[0081}]

At the time T3, the supply of the power supply voltage is restarted, so that the
control signal Load becomes the H level. At this time, the potential of the node 116
and the potential of the node 117 are determined by a difference in channel resistance
between the transistor 173 and the transistor- 163. For example, in the case where
datal is at the H level, the node 175 is at the L level and the node 165 is at the H level.
At this time, the transistor 173 is off, and the wiring for supplying the potential V1 at
the L level and the node 116 are not electrically connected to each other. On the other
hand, the transistor 163 is on, and the wiring for supplying the potential V1 at the L

level and the node 117 are electrically connected to each other. Thus, the potential of
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the node 117 is at the L level. The data values of the node 116 and the node 117 are
always inverses of each other; therefore, one of the nodes 116 and 117 is always
electrically connected to the wiring for supplying the potential V1 at the L level.

[0082]

When the supply of the power supply voltage is restarted, the potential D of the
wiring to which the data signal 1s supplied returns to datal, and the potential at the L
level is supplied to the wiring to which the clock signal is supplied. At this time, the
output potential 114 of the ST-NAND 110 and the output potential 115 of the ST-NAND
I'11 become the H level. In addition, owing to the second memory circuit portion 150,
one of the nodes 116 and 117 is at the L level and the other is at the H level.
Accordingly, the potential of the node 116 becomes datal and the potential of the node
117 becomes /datal, so that the data can be restored in the first memory circuit portion
100.

{0083]

At the time T4, the control signal Load becomes the L level, and the voltage
supply from the second memory circuit portion 150 to the first memory circuit portion
100 is stopped. After this, a normal operation period starts, in which data arithmetic
operation is performed.

[0084]

With the above-described configuration, a semiconductor device which can
easily achieve a stop and a.restart of supply of power supply voltage while holding data
can be provided. Data storage and restoration are performed with the first memory
circuit portion 100 and the second memory circuit portion 150, whereby the supply of
power supply voltage can be stopped as appropriate and power consumption can be
reduced.

[0085]

At the time of low voltage driving or at the time when there is large variation in
threshold voltage or mobility of transistors due to the manufacturing process, there is a
case where the transistor 173 cannot have a sufficient ratio of on-state current to
off-state current with respect to a voltage value held at the node 175. Similarly, there
is a case where the transistor 163 cannot have a sufficient ratio of on-state current to

off-state current with respect to a voltage value held at the node 165.
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[0086]

However, even in such cases, at the time of restart of supply of power supply
voltage, a potential difference can be generated between the node 116 and the node 117
owing to the difference in channel resistance between the transistor 173 and the
transistor 163; thus, data can be restored.

[0087]

The circuit illustrated in FIG. 1 preferably includes ST-NANDs and ST-INVs in
the case where the circuit is driven at low voltage. With the use of ST-NANDs and
ST-INVs for the circuit, a stable output voltage can be obtained even at a low power
supply voltage, and power consumption can be reduced with a low flow-through current.
In addition, with the use of ST-NANDs and ST-INVs, the circuit can be resistant to
variation in threshold voltage or mobility of transistors.

[0088]

With the above-described configuration, a semiconductor device which can
casily achieve a stop and a restart of supply of power supply voltage, which can be driven
at low voltage, and which is resistant to process variations can be provided.

[0089]
(Embodiment 2)

In this embodiment, an example of a semiconductor device including a
nonvolatile portion and a volatile portion is described.
[0090]

FIG. 5 is a circuit diagram of a flip-flop circuit. The flip-flop circuit
illustrated in FIG. 5 includes a first memory circuit portion 500 and a second memory
circuit portion 550.  The first memory circuit portion 500 has a function of holding a
potential corresponding to data in a period when power supply voltage is continuously
supplied.  The second memory circuit portion 550 has a function of holding a potential
corresponding to data in a period when the supply of power supply voltage is stopped.
[0091]

The first membry circuit portion 500 includes a gate portion 501, a master latch
502, a gate portion 503, and a slave latch 504. |
[0092]

The gate portion 501 includes an ST-NAND 510 and an ST-NAND 511.
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[0093]

A first input terminal of the ST-NAND 510 is electrically connected to a wiri‘n'g
to which a data signal D is supplied. A second input terminal of the ST-NAND 510 is
electrically connected to a wiring to which a first clock signal C1 is supplied. An
output terminal of the ST-NAND 510 is electrically connected to a first input terminal
of the ST-NAND 511 and a first input terminal of an ST-NAND 512 of the master latch
502.

[0094]

A second input terminal of the ST-NAND 511 is electrically connected to the
wiring to which the first clock signal C1 is supplied. An output terminal of the
ST-NAND 511 is electrically connected to a second input terminal of an ST-NAND 513
of the master latch 502.

[0095] | |

The master latch 502 includes the ST-NAND 512 and the ST-NAND 513.
[0096] ,

The first input terminal of the ST-NAND 512 is electrically connected to the
output terminal of the ST-NAND 510. A second input terminal of the ST-NAND 512
is electrically connected to an output terminal of the ST-NAND 513. An output
terminal of the ST-NAND 512 is electrically connected to a first input terminal of the
ST-NAND 513.

[0097]

The second input terminal of the ST-NAND 513 is electrically connected to the

output terminal of the ST-NAND 511.
[0098] _

The gate portion 503 includes an ST-NAND 530 and an ST-NAND 531.
[0099]

A first input terminal of the ST-NAND 530 is electrically connected to the
output terminal of the ST-NAND 512 of the master latch 502. A second input terminal
of the ST-NAND 530 is electrically connected to a wiring to which a second clock
signal C2 is supplied. An output terminal 'c_)f the ST-NAND 530 is electrically
connected to a first input terminal of the ST-NAND 531 and a first input terminal of an

ST-NAND 532 of the slave latch 504.
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[0100]

A second input terminal of the ST-NAND 531 is electrically connected to the
wiring to which the second clock signal C2 is supplied. An output terminal of the
ST-NAND 531 is electrically connected to a second input terminal of an ST-NAND 533
of the slave latch 504.

(0101} |
The slave latch 504 includes the ST-NAND 532 and the ST-NAND 533.

[0102]

| The first input terminal of the ST-NAND 532 is electrically connected to the
output terminal of the ST-NAND 530. A second input terminal of the ST-NAND 532
is electrically connected to an output terminal of the ST-NAND 533. An output
terminal of the ST-NAND 532 is electrically connected to a first input terminal of the
ST-NAND 533.
[0103]

The second input terminal of the ST-NAND 533 is electrically connected to the
output terminal of the ST-NAND 531.

[0104]

The second memory circuit portion 550 includes a first block 551, a second
block 552, a third block 553, and a fourth block 554.

[0105]

The first block 551 includes an ST-INV 560, an n-channel transistor 561, an
n-channel transistor 562, an n-channel transistor 563, and a capacitor 564.

[0106]

An input terminal of the ST-INV 560 is electrically connected to the output
terminal of the ST-NAND 513 of the master latch 502. An output terminal of the
ST-INV 560 is electrically connected to one of a source and a drain of the transistor 561.
[0107]

A gate of the transistor 561 is electrically connected to a wiring to which a
control signal S is supplied. The other of the source and the drain of the transistor 561
is electrically connected to a gate of the transistor 563 and a first electrode of the
capacitor 564.

[0108]
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One of a source and a drain of the transistor 562 is electrically connected to the
output terminal of the ST-NAND 513 of the master latch 502. The other of the source
and the drain of the transistor 562 is electrically connected to one of a source and a
drain of the transistor 563. A gate of the transistor 562 is electrically connected to a
wiring to which a control signal L is supplied.

[0109]

A second electrode of the capacitor 564 and the other of the source and the
drain of the transistor 563 are electrically connected to a wiring to which a potential V1
is supplied.

[0110]

The second block 552 includes an ST-INV 570, an n-channel transistor 571, an
n-channel transistor 572, an n-channel transistor 573, and a capacitor 574.

[0111]

An input terminal of the ST-INV 570 is electrically connected to the output
terminal of the ST-NAND 512 of the master latch 502. An output terminal of the
ST-INV 570 is electrically connected to one of a source and a drain of the transistor 571.
[0112] _

A gate of the transistor 571 is electrically connected to the wiring to which the
control signal S is supplied. The other of the source and the drain of the transistor 571
is eléctrically connected to a gate of the transistor 573 and a first electrode of the
capacitor 574.

[0113]

One of a source and a drain of the transistor 572 is electrically connected to the
output terminal of the ST-NAND 512 of the master latch 502. The other of the source
and the drain of the transistor 572 is electrically connected to one of a source and a
drain of the transistor 573. A gate of the transistor 572 is electrically connected to the
wiring to which the control signal L is supplied.

[0114]

A second electrode of the capacitor 574 and the other of the source and the
drain of the transistor 573 are electrically connected to the wiring to which the potential
V1 is supplied.

[0115]
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—

The third block 553 includes an ST-INV 580, an n-channel transistor 581, an
n-channel transistor 582, an n-channel transistor 583, and a capacitor 584.

[0116]

An input terminal of the ST-INV 580 is electrically connected to the output
terminal of the ST-NAND 533 of the slave latch 504. An output terminal of the
ST-INV 580 is electrically connected to one of a source and a drain of the transistor 581.
[0117]

A gate of the transistor 581 is electrically connected to the wiring to which the
control signal S is supplied. The other of the source and the drain of the transistor 581
is electrically connected to a gate of the transistor 583 and a first electrode of the
capacitor 584.

[0118]

One of a source and a drain of the transistor 582 is electrically connected to the
output terminal of the ST-NAND 533 of the slave latch 504. The other of the source
and the drain of the transistor 582 is electrically connected to one of a source and a
drain of the transistor 583. A gate of the transistor 582 is electrically connected to the
wiring to which the control signal L is supplied.

[0119]

A second electrode of the capacitor 584 and the other of the source and the
drain of the transistor 583 are electrically connected to the wiring to which the potential
V1 is supplied.

[0120]

The fourth block 554 includes an ST-INV 590, an n-channel transistor 591, an
n-channel transistor 592, an n-channel transistor 593, and a capacitor 594.

[0121]

An input terminal of the ST-INV 590 is electrically connected to the output
termiﬁal of the ST-NAND 532 of the slave latch 504. An output terminal of the
ST-INV 590 is electrically connected to one of a source and a drain of the transistor 591.
[0122]

A gate of the transistor 591 is electrically connected to the wiring to which the
control signal S is supplied. The other of the source and the drain of the transistor 591

is electrically connected to a gate of the transistor 593 and a first electrode of the
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capacitor 594.
[0123]

One of a source and a drain of the transistor 592 is electrically connected to the
output terminal of the ST-NAND 532 of the slave latch 504. The other of the source
and the drain of the transistor 592 is electrically connected to one of a source and a
drain of the transistor 593. A gate of the transistor 592 is electrically connected to the
wiring to which the control signal L is supplied.

[0124]

A second electrode of the capacitor 594 and the other of the source and the
drain of the transistor 593 are electrically connected to the wiring to which the potential
V1 is supplied. '

[0125]

Note that a point where the output terminal of the ST-NAND 512 and the input
terminal of the ST-INV 570 are electrically connected is referred to as a node 516, and a
point where the output terminal of the ST-NAND 513 and the input terminal of the
ST-INV 560 are electrically connected is referred to as a node 517. Furthermore, a
point where the output terminal of the ST-NAND 532 and the input terminal of the
ST-INV 590 are electrically connected is referred to as a node 536, and a point where
the output terminal of the ST-NAND 533 and‘the input terminal of the ST-INV 580 are
electrically connected is referred to as a node 537.

[0126]

Note that the number of inputs of each logic gate (ST-NAND or ST-INV) used
in the first memory circuit portion 500 and the second memory circuit portion 550 is
preferably 2 or less. This configuration can reduce the effect of variation in threshold
voltage of transistors.

[0127]

Note that it is preferable that the transistors 561, 571, 581, and 591 be
transistors wit_h small leakage current in a non-conductive state (small off-state current).
[0128]

The circuit illustrated in FIG. 5 preferably includes ST-NANDs and ST-INVs in
the case where the circuit is driven at low voltage. With the use of ST-NANDs and

ST-INVs for the circuit, a stable output voltage can be obtained even at a low power
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supply voltage, and power consumption can be reduced with a low flow-through current.
In addition, with the use of ST-NANDs and ST-INVs, the circuit can be resistant to
variation in threshold voltage or mobility of transistors.

[0129]

Next, the operation of the flip-flop circuit illustrated in FIG. 5 is described with
reference to a timing chart in FIG. 6.

[0130]

In FIG. 6, D denotes the potential of th.e wiring to which the data signal D is
supplied; C1 denotes the potential of the wiring to which the first clock signal Cl is
supplied; C2 denotes the potential of the wiring to which the second clock signal C2 is
supplied; S denotes the potential of the wiring to which the control signal Save is
supplied; L denotes the potential of the wiring to which the control signal Load is
supplied; reference numeral 514 denotes the output potential of the ST-NAND 510;
reference numeral 515 denotes the output potential of the ST-NAND 511; reference
numeral 516 denotes the potential of the node 516; reference numeral 517 denotes the
potential of the node 517; reference numeral 534 denotes the output potential of the:
ST-NAND 530; reference numeral 535 denotes the output potential of the ST-NAND
531; reference numeral 536 denotes the potential of the node 536; reference numeral
537 denotes the potential of the node 537; ret:erence numeral 565 denotes the potential
of a node 565 where the other of the source and the drain of the transistor 561, the gate |
of the transistor 563, and the first electrode of the capacitor 564 are electrically
connected; reference numeral 575 denotes the potential of a node 575 where the other of
the source and the drain of the transistor 571, the gate of the transistor 573, and the first
electrode of the capacitor 574 are electrically connected; reference numeral 585 denotes
the potential of a node S85 where the other of the source and the drain of the transistor
581, the gate of the transistor 583, and the first electrode of the capacitor 584 are
electrically connected; and reference numeral 595 denotes the potential of a node 595
where the other of the source and the drain of the transistor 591, the gate of the
transistor 593, and the first electrode of the capacitor 594 are electrically connected.
[0131]

" The data signal has a potential at the H level or at the L level, which is denoted

by “data0” here. An inverted data value of “data0” is represented with a slash as
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“/data0.”
[0132]

The timing chart in FIG. 6 shows states of the flip-flop circuit in periods P1 to
P4. The period P1 is a normal operation period. The period P2 is a data transfer
period. The period P3 is an operation stop period. The period P4 is a transition period
for operation restart.
[0133] _

In the timing chart in FIG. 6, times TO to T4 are added in order to describe the

timings of operations in the periods P1 to P4.

[0134]

At the time TO, the data signal changes from data0 to datal. In addition, the
first clock signal C1 becomes the H level. At this time, the output potential 514 of the
ST-NAND 510 becomes /datal; the output potential 515 of the ST-NAND 511 becomes
datal; the potential of the node 516 becomes datal; the potential of the node 517
becomes /datal; and the data are input to the master latch 502.

[0135]

At the time TO1, the first clock signal C1 becomes the L level. At this time,
the output potential 514 of the ST-NAND 510 and the output potential 515 of the
ST-NAND 511 become the H level; the potential of the node 516 remains datal; the
potential of the node 517 remains /datal; and the data are held by the master latch 502.
[0136]

At the time T02, the second clock signal C2 becomes the H level. At this time,
the output potential 534 of the ST-NAND 530 becomes /datal; the output potential 535
of the ST-NAND 531 becomes datal; the potential of the node 536 becomes datal; the
potential of the node 537 becomes /datal; and the data are input to the slave latch 504.
[0137]

At the time T03, the second clock signal C2 becomes the L level. At this time,
the output potential 534 of the ST-NAND 530 and the output potential 535 of the
ST-NAND 531 become the H level; the potential of the node 536 remains datal; the
potential of the node 537 remains /datal; and the data are held by the slave latch 504.
[0138]

At the time T1, the first clock signal Cl1 and the second clock signal C2 are
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fixed at the L level, and the control signal Save becomes the H level. At this time, the
master latch 502 and the slave latch 504 remain in a data holding state. Thus, the
potential of the node 516 remains datal; the potential of the node 517 remains /datal;
the potential of the node 536 remains datal; and the potential of the node 537 remains
/datal. The potential of the node 516 is transmitted to the node 575 through the
ST-INV 570, so that the potential of the node 575 becomes /datal. In addition, the
potential of the node 517 is transmitted to the node 565 through the ST-INV 560, so that
the potential of the node 565 becomes datal. In addition, the potential of the node 536
is transmitted to the node 595 through the ST-INV 590, so that the potential of the node
595 becomes /datal. In addition, the potential of the node 537 is transmitted to the
node 585 through the ST-INV 580, so that the potential of the node 585 becomes datal.
In this manner, the data can be transferred from the first memory circuit portion 500 to
the second memory circuit portion 550.

[0139]

At the time T2, the supply of the power supply voltage is stopped and the
control signal Save becomes the L level. At this time, the node 565, the node 575, the
node 585, and the node 595 are brought into a floating state, where the data are held.
In this manner, the second memory circuit portion 550 holds the data, and the first
memory circuit portion 500 loses the data.

[0140]

At the time T3, the supply of the power supply voltage is restarted, so that the
control signal Load becomes the H level. At this time, the potential of the node 516
and the potential of the node 517 are determined by a difference in channel resistance
between the transistor 573 and the transistor 563, and the potential of the node 536 and
the potential of the node 537 are determined by a difference in channel resistance
between the transistor 593 and the transistor 583. For example, in the case where
datal is at the H level, the node 575 is at the L level and the node 565 is at the H level.
At this time, the transistor 573 is off, and the wiring for supplying the potential V1 at
the L level and the node 516 are not electrically connected to each other. On the other
hand, the transistor 563 is on, and the wiring for supplying the potential V1 at the L
level and the node 517 are electrically connected to each other. Thus, the potential of

the node 517 is at the L level. The data values of the node 516 and the node 517 are
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always inverses of each other; therefore, one of the nodes 516 and 517 is always
electrically connected to the wiring for supplying the potential V1 at the L level.
Similarly, in the case where datal is at the H level, the node 595 is at the L level and the
node 585 is at the H level. At this time, the transistor 593 is off, and the wiring for
supplying the potential V1 at the L level and the node 536 are not electrically connected
to each other. On the other hand, the transistor 583 is oh, and the wiring for supplying
the potential V1 at the L level and the node 537 are electrically connected to each other.
Thus, the potential of the node 537 is at the L level. The data values of the node 536
and the node 537 are always inverses of each other; therefore, one of the nodes 536 and
537 is always electrically connected to the wiring for supplying the potential V1 at the L
level.

[0141]

When the supply of the power supply voltage is restarted, the potential D of the
wiring to which the data signal is supplied returns to datal, and the potential at the L
level is supplied to the wiring to which the first clock signal C1 is supplied. At this
time, the output potential 514 of the ST-NAND 510 and the output potential 515 of the
ST-NAND 511 become the H level. In addition, owing to the second memory circuit
portion 550, one of the nodes 516 and 517 is at the L level and the other is at the H level.
Accordingly, the potential of the node 516 becomes datal and the potential of the node
517 becomes /datal, so that the data can be restored in the first memory circuit portion
500. |
[0142]

At the same time, the potential at the L level is supplied to the wiring to which
the second clock signal C2 is supplied. At this time, the output potential 534 of the
ST-NAND 530 and the output potential 535 of the ST-NAND 531 become the H level.
In addition, owing to the second memory circuit portion 550, one of the nodes 536 and
537 is at the L level and the other is at the H level. Accordingly, the potential of the
node 536 becomes datal and the potential of the node 537 becomes /datal, so that the
data can be restored in the first memory circuit portion 500.

[0143] | |
At the time T4, the control signal Load becomes the L level, and the voltage

supply from the second memory circuit portion 550 to the first memory circuit portion
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500 is stopped. After this, a normal operation period starts, in which data arithmetic
operation is performed.
[0144]

With the above-described configuration, a semiconductor device which can
easily achieve a stop and a restart of supply of power supply voltage can be provided.
Data storage and restoration are performed with the first memory circuit portion 500
and the second memory circuit portion 550, whereby the supply of power supply
voltage can be stopped as appropriate and power consumption can be reduced.

[0145] _

At the time of low voltage driving or at the time when there is large variation in
threshold voltage or mobility of transistors due to the manufacturing process, there is a
case where the transistor 563 cannot have a sufficient ratio of on-state current to
off-state current with respect to a voltage value held at the node 565. " Similarly, there
is a case where the transistor 573, the transistor 583, and the transistor 593 cannot have
sufficient ratios of on-state current to off-state current with respect to voltage values
held at the node 575, the node 585, and the node 595, respectively.

[0146]

However, in such cases, at the time of restart of supply of power supply voltage,
a potential difference can be generated between the node 516 and the node 517 owing to
the difference in channel resistance between the transistor 573 and the transistor 563;
thus, data can be restored. Similarly, a potential difference can be generated between
the node 536 and the node 537 owing to the difference in channel resistance between
the transistor 593 and the transistor 583; thus, data can be restored.

[0147]

With the above-described configuration, a semiconductor device which can
easily achieve a stop and a restart of supply of power supply voltage, which can be driven
at low voltage, and which is resistant to process variations can be provided.

[0148] ’
(Embodiment 3)

In this embodiment, an example of a semiconductor device including a

nonvolatile portion and a volatile portion is described.

[0149]



10

15

20

25

30

WO 2014/157019 PCT/JP2014/057948

28

FIG. 7 is a circuit diagram of a flip-flop circuit. The flip-flop circuit
illustrated in FIG. 7 has a configuration different from that of the flip-flop circuit
illustrated in FIG. 5. The flip-flop circuit illustrated in FIG. 7 includes a first memory
circuit portion 400 and a second memory circuit portion 450.  The first memory circuit
portion 400 has a function of holding a potential corresponding to data in a period when
power supply voltage is continuously supplied. The second memory circuit portion 450
has a function of holding a potential corresponding to data in a period when the supply of
power supply voltage is stopped.

[0150]

The first memory circuit portion 400 includes a gate portion 401 and é latch
portion 402.

[0151]

The gate portion 401 includes an ST-NAND 410, an ST-NAND 411, an
ST-NAND 412, a Schmitt trigger AND circuit (hereinafter also referred to as ST-AND)
413, and an ST-NAND 414,

[0152]

A first input terminal of the ST-NAND 410 is electrically connected to a wiring
to which a data signal D is supplied. A second input terminal of the ST-NAND 410 is
electrically connected to an output terminal of the ST-NAND 414. An output terminal
of the ST-NAND 410 is electrically connected to a first input terminal of the ST-AND
413 and a first input terminal of the ST-NAND 411.

[0153] |

A second input terminal of the ST-NAND 411 is electrically connected to an

output terminal of the ST-NAND 412. An output terminal of the ST-NAND 411 is

-electrically connected to a first input terminal of the ST-NAND 412.

[0154]

A second input terminal of the ST-NAND 412 is electrically connected to a
wiring to which a clock signal C is supplied. The output terminal of the ST-NAND
412 is electrically connected to a second input terminal of the ST—AND 413.

[0155]
A first input terminal of the ST-NAND 414 is electrically connected to the

wiring to which the clock signal C is supplied. A second input terminal of the
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ST-NAND 414 is electrically connected to an output terminal of the ST-AND 413,
[0156]

The latch portion 402 includes an ST-NAND 415 and an ST-NAND 416.
[0157]

A first input terminal of the ST-NAND 415 is electrically connected to the
output terminal of the ST-NAND 412 of the gate portion 401. A second input terminal
of the ST-NAND 415 is electrically connected to an output terminal of the ST-NAND
416. An output terminal of the ST-NAND 415 is electrically connected to a first input
terminal of the ST-NAND 416.

[0158]

A second input terminal of the ST-NAND 416 is electrically connected to the
output terminal of the ST-NAND 414 of the gate portion 401.

[0159]

The second memory circuit portion 450 includes a first block 451 and a second
block 452.

[0160]

The first block 451 includes an ST-INV 460, an n-channel transistor 461, an
n-channel transistor 462, an n-channel transistor 463, and a capacitor 464.

[0161]

An input terminal of the ST-INV 460 is electrically connected to the output
terminal of the ST-NAND 416 of the latch portion 402. An output terminal of the
ST-INV 460 is electrically connected to one of a source and a drain of the transistor 461.
[0162]

A gate of the transistor 461 is electrically connected to a wiring to which a
control signal Save (hereinafter also referred to as control signal S) is supplied. The
other of the source and the drain of the transistor 461 is electrically connected to a gate
of the transistor 463 and a first electrode of the capacitor 464,

{0163}

One of a source and a drain of the transistor 462 is electrically connected to the
output terminal of the ST-NAND 416 of the latch portion 402. The other of the source
and the drain of the transistor 462 is electrically connected to one Qf a source and a

drain of the transistor 463. A gate of the transistor 462 is electrically connected to a
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wiring to which a control signal Load (hereafter also referred to as control signal L) is
supplied.
[0164]

A second electrode of the capacitor 464 and the other of the source and the
drain of the transistor 463 are electrically connected to a wiring to which a potential V1
is supplied.

[0165]

The second block 452 includes an ST-INV 470, an n—channel transistor 471, an
n-channel transistor 472, an n-channel transistor 473, and a capacitor 474.

[0166]

An input terminal of the ST-INV 470 is electrically connected to the output
terminal of the ST-NAND 415 of the latch portion 402. An output terminal of the
ST-INV 470 is electrically connected to one of a source and a drain of the transistor 471.
[0167)

A gate of the transistor 471 is electrically connected to the wiring to which the
control signal S is supplied. The other of the source and the drain of the transistor 471
is electrically connected to a gate of the transistor 473 and a first electrode of the
capacitor 474. | ’

[0168]

One of a source and a drain of the transistor 472 is electrically connected to the
output terminal of the ST-NAND 415 of the latch portion 402. The other of the source
and the drain of the transistor 472 is electrically connected to one of a source and a
drain of the transistor 473. A gate of the transistor 472 is electrically connected to the
wiring to which the control signal L is supplied.

[0169] |

A second electrode of the capacitor 474 and the other of the source and the
drain of the transistor 473 are electrically connécted to the wiring to which the potentiai
V1 is supplied.

[0170]

Note that a point where the output terminal of the ST-NAND 410, the first

input terminal of the ST-NAND 411, and the first input terminal of the ST-AND 413 are

electrically connected is referred to as a node 421. A point where the output terminal
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of the ST-NAND 412, the second input terminal of the ST-NAND 411, the second input
terminal of the ST-AND 413, and the first input terminal of the ST-NAND 415 are
elecfrically connected is referred to as a node 423. A point where the output terminal
of the ST-NAND 414, the second input terminal of the ST-NAND 410, and the second
input terminal of the ST-NAND 416 are electrically connected is referred to as a node
424. A point where the output terminal ofthe ST-NAND 415 and the input terminal of
the ST-INV 470 are electrically connected is referred to as a node 426. A point where
the output terminal of the ST-NAND 416 and the input terminal of the ST-INV 460 are
electrically connected is referred to as a node 427.

[0171]

Note that the number of inputs of each logic gate (ST-NAND, ST-INV, or
ST-AND) used in the first memory circuit portion 400 and the second memory circuit
portion 450 is preferably 2 or less. This configuration can reduce the effect of
variation in threshold voltage of transistors.

[0172]

Note that it is preferable that the transistors 461 and 471 be transistors with
small leakage current in a non-conductive state (small off-state current).
[0173]

The circuit illustrated in FIG. 7 preferably includes ST-NANDs, ST-INVs, and
an ST-AND in the case where the circuit is driven at low voltage. With the use of
ST-NANDs and ST-INVs for the circuit, a stable output voltage can be obtained even at
a low power supply voltage, and power consumption can be reduced with a low
flow-through current. In addition, with the use of ST-NANDs, ST-INVs, and an
ST-AND, the circuit can be fesistant to variation in threshold voltage or mobility of
transistors.

[0174]

An ST-AND is described here.
[0175] ’

FIG. 8A illustrates an ST-AND 253 having a first input terminal, a second input
terminal, and an output terminal which are electrically connected to a wiring 250, a
wiring 251, and a wiring 252, respectively. As illustrated in FIG. 8B, the ST-AND 253
includes an ST-NAND and an ST-INV, and an output terminal of the ST-NAND is
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electrically connected to an input terminal of the ST-INV. As the ST-NAND, the
configuration illustrated in FIG. 2B can be used. As the ST-INV, the configuration
illustrated in FIG. 3B can be used.

[0176] -

Next, the operation of the flip-flop circuit illustrated in FIG. 7 is described with
reference to a timing chart in FIG. 9.

[0177]

In FIG. 9, D denotes the potential of the wiring to which the data signal D is
supplied; C denotes the potential of the wiring to which the clock signal C is supplied; S
denotes the potential of the wiring to which the control signal Save is supplied; L
denotes the potential of the wiring to which the control signal Load is supplied;
reference numeral 422 denotes the output potential of the ST-NAND 411; reference
numeral 423 denotes the potential of the node 423; reference numeral 424 denotes the
potential of the node 424; reference numeral 425 denotes the output potential of the
ST-AND 413; reference numeral 426 denotes the potential of the node 426; reference
numeral 427 denotes the potential of the node 427; reference numeral 465 denotes the
potential of a node 465 where the other of the source and the drain of the transistor 461,
the gate of the transistor 463, and the first electrode of the capacitor 464 are electrically
connected; and reference numeral 475 denotes the potential of a node 475 where the
other of the source and the drain of the transistor 471, the gate of the transistor 473, and
the first electrode of the capacitor 474 are electrically connected. '
[0178]

The data signal has a potential at the H level or at the L level, which is denoted
by “datal” here. An inverted data value of “datal” is represented with a slash as
“/datal.”

[0179]

The timing chart in FIG. 9 shows states of the flip-flop circuit in periods P1 to
P4. The period P1 is a normal operation period. The period P2 is a data transfer
period. The period P3 is an operation stop period. The period P4 is a transition period
for operation restart.

[01180]
In the timing chart in FIG. 9, times TO to T4 are added in order to describe the
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timings of operations in the periods P1 to P4.
[0181]

Before the time TO, the data signal is datal and the clock signal is at the L level.
At this time, the potentials of the nodes 423 and 424 are at the H level; the potential of
the node 421 is /datal; the output potential 422 of the ST-NAND 411 is datal; and the
output potential 425 of the ST-AND 413 is /datal. The potential of the node 426 is
data0 that has been held before the time T0, and the potential of the node 427 is /data0
that has been held before the time TO.

[0182]

At the time TO, the clock signal becomes the H level. At this time, the
potential of the node 423 becomes /datal, and the potential of the node 424 becomes
datal. In addition, the potential of the node 426 becomes datal, and the potential of
the node 427 becomes /datal.

[0183] '

At the time TO1, the data signal changes from datal to data2. The potential of
the node 421 may change depending on the values of datal and data2, whereas the
output potential 422 of the ST-NAND 411, the potential of the node 423, the potential of
the node 424, and the output potential 425 of the ST-AND 413 do not change.
Accordingly, the potentials of the nodes 426 and 427 do not change.

[0184]

At the time T02, the clock signal becomes the L level. At this time, the
potentials of the nodes 423 and 424 become the H level, and the potentials of the nodes
426 and 427 are maintained. In addition, the potential of the node 421 becomes /data2;
the output potential 422 of the ST-NAND 411 becomes data2; and the output potential
425 of the ST-AND 413 becomes /data2.

[0185]

At the time T03, the clock signal becomes the H level. At this time, the
potential of the node 423 beéomes /data2, and the potential of the node 424 becomes
data2. In addition, the potential of the node 426 becomes data2, and the potential of
the node 427 becomes /data2.

[0186]
At the time T04, the data signal changes from data2 to data3. The potential of
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the node 421 may change depending on the values of data2 and data3, whereas the
output potential 422 of the ST-NAND 411, the potential of the node 423, the potential of
the node 424, and the output potential 425 of the ST-AND 413 do not change.
Accordingly, the potentials of the nodes 426 and 427 do not change. In this manner,
the first memory circuit portion 400 can hold the value of the data signal at the time
when the clock signal changes from the L level to the H level.

[0187]

At the time TOS5, the clock signal becomes the L level. At this time, the
potentials of the nodes 423 and 424 become the H level, and the potentials of the nodes
426 and 427 are maintained. In addition, the potential of the node 421 becomes /data3;
the output potential 422 of the ST-NAND 411 becomes data3; and the output potential
425 of the ST-AND 413 becomes /data3.

[0188]

At the time T1, the clock signal is fixed at the L level, and the control signal
Save becomes the H level. At this time, the latch portion 402 remains in a data
holding state; thus, the potential of the node 426 remains data2, and the potential of the
node 427 remains /data2. The potential of the node 426 is transmitted to the node 475
through the ST-INV 470, so that the potential of the node 475 becomes /data2. In
addition, the potential of the node 427 is transmitted to the node 465 through the
ST-INV 460, so that the potential of the node 465 becomes data2. In this manner, the
data can be transferred from the first memory circuit portion 400 to the second memory
circuit portion 450.

[0189]

At the time T2, the supply of the power supply voltage is stopped and the
control signal Save becomes the L level. At this time, the node 465 and the node 475
are brought into a floating state, where the data are held. In this manner, the second
memory circuit portion 450 holds the data, and the first memory circuit portion 400
loses the data.

[0190]

At the time T3, the supply of the power supply voltage is restarted, so that the

control signal Load becomes the H level. At this time, the potential of the node 426

and the potential of the node 427 are determined by a difference in channel resistance
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between the transistor 473 and the transistor 463. For example, in the case where
data2 is at the H level, the node 475 is at the L level and the node 465 is at the H level.
At this time, the transistor 473 is off, and the wiring for supplying the potential V1 at
the L level and the node 426 are not electrically connected to each other. On the other
hand, the transistor 463 is on, and the wiring for supplying the potential V1 at the L
level and the node 427 are electrically connected to each other. "Thus, the potential of
the node 427 is at the L level. The data values of the node 426 and the node 427 are
always inverses of each other; therefore, one of the nodes 426 and 427 is always
electrically connected to the wiring for supplying the potential V1 at the L level.
[0191] _

When the supply of the power supply voltage is restarted, the potential D of the
wiring to which the data signal is supplied returns to data3, and the potential at the L
level is supplied to the wiring to which the clock signal is supplied. At this time, the
potentials of the nodes 423 and 424 become the H level. In addition, owing to the
second memory circuit portion 450, one of the nodes 426 and 427 is at the L level and
the other is at the H level. Accordingly, the potential of the node 426 becomes data2
and the potential of the node 427 becomes /data2, so that the data can be restored in the

first memory circuit portion 400. In addition, the potential of the node 421 becomes

- /data3; the output potential 422 of the ST-NAND 411 becomes data3; and the output

potential 425 of the ST-AND 413 becomes /data3.
[0192]

At the time T4, the control signal Load becomes the L level, and the voltage
supply from the second memory circuit portion 450 to the first memory circuit portion
400 is stopped. ~After this, a normal operation period starts, in which data arithmetic
operation is performed.

[0193]

With the above-described configuration, a semiconductor device which can
easily achieve a stop and a restart of supply of power supply voltage can be provided.
Data storage and restoration are performed with the first memory circuit portion 400
and the second memory circuit portion 450, whereby the supply of power supply
voltage can be stopped as appropriate and power consumption can be reduced.

[0194]
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At the time of low voltage driving or at the time when there is large variation in
threshold voltage or mobility of transistors due to the manufacturing process, there is a
case where the transistor 463 cannot have a sufficient ratio of on-state current to
off-state current with respect to a voltage value held at the node 465. Similarly, there
is a case where the transistor 473 cannot have a sufficient ratio of on-state current to
off-state current with respect to a voltage value held at the node 475.

[0195]

However, even in such cases, at the time of restart of supply of power supply
voltage, a potential difference can be generated between the node 426 and the node 427
owing to the difference in channel resistance between the transistor 473 and the
transistor 463; thus, data can be restored.

[0196]

With the above-describéd configuration, a semiconductor device which can
easily achieve a stop and a restart of supply of power supply voltage, which can be driven
at low voltage, and which is resistant to process variations can be provided.

[0197] |
(Embodiment 4)

In this embodiment, application examples of the semiconductor device are
described with specific examples.
[0198]

FIG. 10 is an example of a block diagram of a logic array included ina PLD. A
logic array 700 includes a plurality of logic elements (hereinafter referred to as LEs) 701
arranged in an array. Here, the expression “arranged in an array” means that the logic
elements are arranged in a matrix at regular intervals, and the arrangement is not limited
to that illustrated in FIG. 10.

[0199]

A plurality of wirings are formed to surround the LEs 701. In FIG. 10, these
wirings consist of a plurality of horizontal wiring groups 703 and a plurality of vertical
wiring groups 704. A wiring group is a bundle of a plurality of wirings. A switch
portion 702 is provided at an intersection of the horizontal wiring group 703 and the
vertical wiring group 704. The horizontal wiring groups 703 and the vertical wiring

groups 704 are electrically connected to input and output terminals 705 to transmit and.
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receive signals to and from a circuit provided outside the logic array 700.
[0200]

Input and output terminals of the plurality of LEs 701 are electrically connected
to the horizontal wiring groups 703 and the vertical wiring groups 704 provided around
thé LEs701. Forexample, in FIG. 10, the input and output terminals of the LEs 701 are
electrically connected to the horizontal wiring groups 703 and the vertical wiring groups
704 on the left, right, top, and bottom sides. With the use of these input and output
terminals, each of the LEs 701 can be electrically connected to another LE 701. A
connection path between one LE 701 and another LE 701 is determined by a switch for
switching connection between wirings which is provided in the switch portion 702.
[0201]

Whether the switch for switching connection between wirings in the switch
portion 702 is turned on or off is determined in accordance with a coﬁﬁguration memory
which stores configuration data. In the case of a rewritable structure, the configuration
memory provided in the switch portion 702 preferably includes a nonvolatile memory
element to prevent loss of stored configuration data due to a stop of supply of power
supply voltage.

[0202]

FIG. 11 is a block diagram of the LE 701 in FIG. 10. The LE 701 in FIG. 11
includes a lookup table (hereinafter referred to as an LUT) 711, a flip-flop 712, and a
multiplexer 713, for example. Further, in FIG. bl 1, configuration memories 714 and 715
electrically connected to the lookup table 711 and the multiplexer 713, respectively, are
provided.

[0203]

Note that the configuration data refers to data of the LUT 71 1, information on
selection of input signals of the multiplexer 713, and data on whether the switch portion
702 is conductive or not, for example. The configuration memory refers to a memory
element for storing the configuration data.

[0204]

A logic circuit determined by the LUT 711 varies depending on the content of

configuration data stored in the configuration memory 714. When the configuration

data is determined, one output value of the LUT 711 with respect to input values of a
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plurality of input signals supplied to input terminals 716 is determined. Then, the LUT
711 outputs a signal containing the output value. |
[0205]

The flip-flop 712 holds the signal output from the LUT 711 and outputs an
output signal corresponding to the signal to the multiplexer 713 in synchronization with a
clock signal C.

[0206]

The output signal from the LUT 711 and the output signal from the flip-flop 712
are input to the multiplexer 713. The multiplexer 713 outputs one of the above two
output signals in accordance with configuration data stored in the configuration memory
715. The output signal from the multiplexer 713 is output from an output terminal 717.
[0207]

When the semiconductor device described in the above embodiment is applied

to a circuit for temporarily storing data therein, e.g., the flip-flop 712, loss of data in the

flip-flop caused by a stop of supply of power supply voltage can be prevented. Further,

data held before the stop of the'supply of power supply voltage can be backed up in a
short time, and the data can be restored in a short time after the supply of power supply
voltage is restarted. Accordingly, the supply of power supply voltage can be stopped in
a plurality of logic elements included in the PLD. Thus, power consumption of the PLD
can be low.

[0208]

FIG. 12A shows an example of a nonvolatile memory element which can be used
as a configuration memory provided in the switch portion 702.  The nonvolatile memory
element in FIG. 12A has a structure in which a configuration memory is formed using a
transistor including an oxide semiconductor. When the nonvolatile memory element
used as the configuration memory is configured to hold data by utilizing a small off-state
current of the transistor including an oxide semiconductor, the configuration memory can
be manufactured through a manufacturing process of the transistor and by stacking the
transistors, for example. This is highly advantageous in reducing cost.

[0209]
FIG. 12A illustrates a configuration memory 900 provided in the switch portion

702, for example. The configuration memory 900 controls connection between a
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terminal S1 and a terminal S2 in accordance with configuration data held at a node mem.
[0210]

The configuration memory 900 in FIG. 12A includes a transistor 911, a transistor
912, a transistor 913, and a capacitor 914.
[0211]

FIG. 12B illustrates a configuration memory 920 that can control the LUT 711
and the multiplexer 713, for example. The configuration memory 920 controls signals
of an output terminal OUT in accordance with configuration data held at nodes mem1 and
mem?2. A potential VH and a potential VL are signals for controlling the LUT 711 or the
multiplexer 713.

[0212]

The configuration memory 920 in FIG. 12B includes a transistor 931, a transistor
932, a transistor 933, a capacitor 934, a transistor 935, a transistor 936, a transistor 937,
and a capacitor 938.

[0213]

‘For each of the transistor 911, the transistor 931, and the transistor 935, a
semiconductor material that has a wider band gap and a lower intrinsic carrier density
than silicon is used. For example, a transistor including an oxide semiconductor in a
channel formation region is used. On the other hand, each of the transistor 912, the
transistor 913, the transistor 932, the transistor 933, the transistor 936, and the transistor
937 may be a transistor which includes a semiconductor material such as silicon in a
channel formation region and which is capable of switching at a higher speed than that
of the transistor 911, the transistor 931, and the transistor 935. |
[0214]

Note that in the drawings, “OS” is written beside each of the transistor 911, the
transistor 931, and the transistor 935 to indicate that each of the transistor 911, the
transistor 931, and the transistor 935 includes an oxide semiconductor in the channel
formation region.

[0215]

The details of the configuration memory 900 are described with reference to FIG.

12A. As illustrated in FIG. 12A, a gate of the transistor 911 is electrically connected to

a first word line 902. One of a source and a drain of the transistor 911 is electrically
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connected to a data line 901. The other of the source and the drain of the transistor 911
is electrically connected to a gate of the transistor 912 and the capacitor 914. One of a
source and a drain of the transistor 912 is electrically connected to the terminal SI.
The other of the source and the drain of the transistor 912 is electrically connected to
one of a source and a drain of the transistor 913. A gate'of the transistor 913 is
electrically connected to a second word line 903.  The other of the source and the drain
of the transistor 913 is electrically connected to the terminal S2.

[0216]

In the configuration memory 900 in FIG. 12A, a potential corresponding to an H
level or an L level is held at the node mem as configuration data. Configuration data can
be stored at the node mem by using a transistor with extremely small off-state current as
the transistor 911. In the configuration memory 900, whether the transistor 912 is
turned on or off is controlled in accordance with the potential of configuration data. At
timing of turning on the transistor 913, electrical connection between the terminal S1 and
the terminal S2 can be controlled.

(0217}

Next, the details of the configuration memory 920 are described with reference
to FIG. 12B. As illustrated in FIG. 12B, a gate of the transistor 931 is electrically
connected to a first word line 942. One of a source and a drain of the transistor 931 is
electrically connected to a data line 941. The other of the source and the drain of the
transistor 931 is electrically connected to a gate of the transistor 932 and the capacitor
934. One of a source and a drain of the transistor 932 is electrically connected to a
wiring to which the potential VH is supplied. The other of the source and the drain of
the transistor 932 is electrically connected to one of a source and a drain of the transistor
933. A gate of the transistor 933 is electrically connected to a second word line 943.
The other of the source and the drain of the transistor 933 is electrically connected to the
output terminal OUT. A gate of the transistor 935 is electrically connected to the first
word line 942. One of a source and a drain of the transistor 935 is electrically
connected to the data line 941 through an inverter circuit 940. The other of the source
and the drain of the transistor 935 is electrically connected to a gate of the transistor 936
and the capacitor 938. One of a source and a drain of the transistor 936 is electrically

connected to a wiring to which the potential VL is suppjied. The other of the source and
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the drain of the transistor 936 is electrically connected to one of a source and a drain of
the transistor 937. A gate of the transistor 937 is electrically bonnected to the second
word line 943. The other of the source and the drain of the transistor 937 is
electrically connected to the output terminal OUT.

[0218]

In the configuration memory 920 in FIG. 12B, as configuration data, a potential
cofresponding to an H level and a potential corresponding to an L level are held at fhe
nodes mem1 and mem?2, respectively, or a potential corresponding to an L level and a
potential corresponding to an H level are held at the nodes mem1 and mem2, respectively.
Configuration data can be stored at the nodes mem1 and mem?2 by using a transistor with
extremely small off-state current as each of the transistors 931 and 935. In the
configuration memory 920, whether each of the transistors 932 and 936 is turned on or
off is controlled in accordance with the potential of configuration data. Af timing of
turning on each of the transistors 933 and 937, a signal output frvom the output terminal
OUT can be set to the potential VH or the potential VL.

[0219]

FIG. 13 illustrates an example of a block diagram of a CPU.
[0220]

A CPU 1000 includes a program counter 1011, an instruction register 1012, an
instruction decoder 1013, a general-purpose register 1014, and an arithmetic logic unit
(ALU) 1015, for eXample. A main memory device 1001 for inputting and outputting
data to and from the CPU 1000 is provided outside the CPU 1000.

[0221]

The program counter 1011 is a register which stores an address of an instruction
(command) to be read (fetched). The instruction register 1012 is a register for
temporarily storing data transmitted to the instruction decoder 1013 from the main
memory device 1001. The instruction decoder 1013 is a circuit which decodes input
data and generates signals for specifying a register in the general-purpose register 1014, a
signal for specifying an arithmetic method in the ALU 1015, and the like. The
general-purpose register 1014 can store data read from the main memory device 1001,
data obtained during the arithmetic operations in the ALU 1015, data obtained as a result

of the arithmetic operations of the ALU 1015, or the like. The ALU 1015 has a function
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of performing a variety of arithmetic operations such as four arithmetic operations and
logic operations. In the CPU 1000, a data cache or the like, that is, a circuit which
temporarily stores an arithmetic result or the like, may be additionally provided.
[0222] , |

Next, the operation of the CPU 1000 will be described.
[0223]

The CPU 1000 gives an instruction to output an address of a read out instruction
which is specified by the program counter 1011 to the main memory device 1001. Next,
data, which is stored in the main memory device 1001, is read from an address of the
instruction to be carried out and stored in the instruction register 1012.

[0224] -

The instruction decoder 1013 decodes the data stored in the instruction register
1012 and generates signals for performing the instruction. Specifically, the instruction
decoder 1013 generates a signal for specifying a register in the general-purpose register
1014, a signal for specifying an arithmetic method in the ALU 1015, and the like.

[0225]

The general-purpose register 1014 outputs data specified by the instruction
decoder 1013 to the ALU 1015 or the main memory device 1001 in accordance with the
instruction. In the ALU, arithmetic operations are carried out in accordance with an
arithmetic method specified by the instruction decoder 1013, and an arithmetic result is
stored in the general-purpose regist'er. 1014.

[0226]

After the CPU 1000 carries out the instruction, the CPU 1000 reads an
instruction, decodes data read from the instruction register 1012, and carries out the
instruction. The CPU 1000 repeats this operation.

[0227]

When the semiconductor device described in the above embodiment is applied to
registers for temporarily storing data in circuits, such as the program counter 1011, the
instruction register 1012, the instruction decoder 1013, and the general-purpose register
1014, loss of data in the registers caused by a stop of the supply of power supply voltage
can be prevented. Further, data held before the stop of the supply of power supply

voltage can be backed up in a short time, and the data can be restored in a short time after
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the supply of power supply voltage is restarted. Accordingly, the supply of power
supply voltage can be stopped in the entire CPU 1000 or the circuits included in the CPU
1000. Thus, power consumption of the CPU 1000 can be low.

[0228]

FIG. 14 illustrates an example of a configuration for stopping or restarting the
supply of power supply voltage to the CPU 1000. In FIG. 14, the CPU 1000, a power
switch 1021, and a power supply control circuit 1022 are provided.

[0229]

The power switch 1021 can control a stop or a restart of the supply of power
supply voltage to the CPU 1000 in accordance with its on state or off state. ~ Specifically,
the power supply control circuit 1022 outputs a power control signal Power EN for
turning on or off the power switch 1021 to control the stop or the restart of the supply of
power supply voltage to the CPU 1000. By turning on the power switch 1021, power
supply voltage is supplied to the CPU 1000 through wirings to which the power supply
potentials V1 and V2 are supplied. Further, by turning off the power switch 1021, a path
of current between the wirings to which the power supply potentials V1 and V2 are
supplied is cut, so that the supply of power supply voltage to the CPU 1000 is stopped.
[0230]

The power supply control circuit 1022 has a function of collectively controlling
operations of the power switch 1021 and the CPU 1000 in accordance with the frequency
of input of data Data. Specifically, the power supply control circuit 1022 outputs a
power control signal Power EN for turning on or off the power switch 1021 and control
signals Save and Load for controlling data backed up and restored in the register. As
described above, the control signals Save and Load are signals for backing up and
restoring potentials in the registers in the volatile memory -circuit portion and the
nonvolatile memory circuit portion.

[0231] .

Next, an example of operations of the CPU 1000, the power switch 1021, and the

power supply control circuit 1022 which are illustrated in FIG. 14 is described.
[0232]
When the supply of power supply voltage is continued, stopped, or restarted,
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determination is made in accordance with the frequency of input of data Data to the
power supply control circuit 1022.  Specifically, in the case where data Data is
continuously input to the CPU 1000, the power supply control circuit 1022 outputs the
power control signal so that the supply of power supply voltage is continued. In the case
where data Data is input to the CPU 1000 intermittently, at timing wheﬁ the data Data is
input, the power supply control circuit 1022 outputs the power control signal so that the
supply of power supply voltage is stopped or restarted.

[0233]

It is preferable that the power supply control circuit 1022 be configured such
that power supply voltage is continuously supplied even while the supply of power
supply voltage to the CPU 1000 is stopped.  With the above configuration, the supply of
power supply voltage to the CPU 1000 can be stopped or restarted at desired timing.
[0234]

(Embodiment 5)

An oxide semiconductor that can be used for a channel of a transistor will be
described in this embodiment.
[0235]

In this specification, the term "parallel" indicates that the angle formed between
two straight lines is greater than or equal to —10° and less than or equal to 10°, and
accordingly also includes the case where the angle is greater than or equal to —5° and less
than or equal to 5°. In addition, the term "perpendicular” indicates that the angle
formed between two straight lines is greater than or equal to 80° and less than or equal to
100°, and accordingly also includes the case where the angle is greater than or equal to
85° and less than or equal to 95°.

[0236]

In this specification, trigonal and rhombohedral crystal systems are included in a
hexagonal crystal system.
[0237]

A highly purified oxide semiconductor (purified OS) obtained by reduction of
impurities such as moisture or hydrogen which serves as an electron donor (donor) and by

reduction of oxygen vacancies is an intrinsic (i-type) semiconductor or a substantially
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i-type semiconductor. Thus, a transistor including a channel in a highly purified oxide
semiconductor has extremely low off-state current and high reliability.
[0238]

. Specifically, various experiments can prove low off-state current of a transistor
including a channel in a highly purified oxide semiconductor. ~ For example, the off-state
current of even an element having a channel width of 1 x 10° um and a channel length of
10 pum can be less than or equal to the measurement limit of a semiconductor parameter
analyzer, that is, less than or equal to 1 x 107" A at a voltage between the source electrode
and the drain electrode (a drain voltage) of 1 Vto 10 V. In this case, it can be seen that
off-state current normalized by the channel width of the transistor is less than or equal to
100 zA/pm. In addition, the off-state current is measured using a circuit in which a
capacitor and a transistor are connected to each other and charge flowing into or from the
capacitor is controlled by the transistor. In the measurement, a highly purified oxide
semiconductor is used for a channel formation region of the transistor, and the off-state
current of the transistor is measured from a change in the amount of charge of the
capacitor per unit time. As a result, it is found that, in the case where the voltage
between the source electrode and the drain electrode of the transistor is 3 V, a lower
off-state current of several tens of yA/um is obtained. Consequently, the off-state
current of the transistor in which a highly purified oxide semiconductor is used for a
channel formation region is much lower than that of a transistor including crystalline
silicon.

[0239]

Unless otherwise specified, in this specification, the off-state current of an
n-channel transistor is a current that flows between a source and a drain when the
potential of a gate is lower than or equal to 0 with the potential of the source as a reference
potential while the potential of the drain is higher than those of the source and the gate.
Moreover, in this specification, the off-state current of a p-channel transistor is a current
that flows between a source and a drain when the potential of a gate is higher than or equal
to 0 with the potential of the source as a reference potential while the potential of the drain
is lower than those of the source and the gate.

[0240]
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The oxide semiconductor preferably contains at least indium (In) or zinc (Zn).
In addition, as a stabilizer for reducing the variation in electrical characteristics of a
transistor using the oxide semiconductor, it is preferable that gallium (Ga) be additionally
contained. 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.

[0241]

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

[0242]

As another stabilizer, one or more lanthanoids selected from 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), and lutetium (Lu) may be contained.

[0243]

As the oxide semiconductor, for example, an indium oxide, a gallium oxide, a tin
oxide, a zinc oxide, an In-Zn-based oxide, a Sn-Zn-based oxide, an Al-Zn-based oxide, a
Zn-Mg-based oxide, a Sn-Mg-based oxide, an In-Mg-based oxide, an In-Ga-based oxide,
an In-Ga-Zn-based oxide (also referred to as 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-Sm-Zn-based oxide, an
In-Eu-Zn-based oxide, an In-Gd-Zn-based oxide, an In-Tb-Zn-based oxide, an
[n-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
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oxide can be used.
(0244}

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:Zn. In addition, the oxide
may contain a metal element other than In, Ga, and Zn. The In-Ga-Zn-based oxide has
sufficiently high resistance when no electric field is applied thereto, so that off-state
current can be sufficiently reduced. Further, the In-Ga-Zn-based oxide has high
mobility.

[0245] _

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 with an atomic ratio close
to the above atomic ratios 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 = 2:1:3 (= 1/3:1/6:1/2), or
In:Sn:Zn = 2:1:5 (= 1/4:1/8:5/8), or an oxide with an atomic ratio close to the above
atomic ratios may be used.

[0246]

For example, with the In-Sn-Zn-based oxide, a high mobility can be relatively
easily obtained. However, mobility can be increased by reducing the defect density in
the bulk also in the case of using the In-Ga-Zn-based oxide.

[0247]

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

[0248]
First,a CAAC-OS film is described.
[0249]
The CAAC-OS film is one of oxide semiconductor films including a plurality of

crystal parts, and most of the crystal parts each fit inside a cube whose one side is less
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than 100 nm. Thus, there is a case where a crystal part included in the CAAC-OS film
fits inside a cube whose one side is less than 10 nm, less than 5 nm, or less than 3 nm.
[0250]

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.
[0251]

According to a 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 where the CAAC-OS film is formed (hereinafter, a
surface where the CAAC-OS film is formed is also referred to as a formation surface) ora
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.

[0252]

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

[0253]

From the results of the cross-sectional TEM image and the plan TEM image,
alignment is found in the crystal parts in the CAAC-OS film.
[0254] ,

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 InGaZnO4
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, crystal, whi_ch 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.
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[0255]

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 InGaZnO, crystal. Here, analysis (¢ scan) is performed under conditions
where the sample is rotated around a normal vector of a sample surface as an axis (¢ axis)
with 20 fixed at around 56°. In the case where the sample is a single crystal oxide
semiconductor film of InGaZnOs, 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°.

[0256]

According to the above results, in the CAAC-OS film having c-axis alignment,
while the directions of a-axes and b-axes are different between crystal parts, the c-axes
are aligned in a direction parallel to a normal vector of a formation surface or a normal
vector of a top surface. Thus, each metal atom layer arranged in a layered manner
observed in the cross-sectional TEM image corresponds to a plane parallel to the a-b
plane of the crystal. |
[0257]

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-axié 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 of the CAAC-OS film.
Thus, for example, in the case where a shape of the CAAC-OS film is changed by etching
or the like, the c-axis might not be necessarily parallel to a normal vector of a formation
surface or a normal vector of a top surface of the CAAC-OS film.

[0258]

Further, the degree of crystallinity in the CAAC-OS film is not necessarily
uniform. For example, in the case where crystal growth leading to the CAAC-OS film
occurs from the vicinity of the top surface of the film, the degree of the crystallinity in the -

vicinity of the top surface is higher than that in the vicinity of the formation surface in
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some cases. Further, when an impurity is added to the CAAC-OS film, the crystallinity
in a region to which the impurity is added is changed, and the degree of crystallinity in the
CAAC-OS film varies depending on regions.

[0259]

Note that when the CAAC-OS film with an InGaZnOj, 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 20 at around 31°.  The peak of 20 at around 36° indicates that a crystal having no
c-axis alignment is included in part of the CAAC-OS film. It is preferable that in the
CAAC-OS film, a peak of 26 appear at around 31° and a peak of 20 do not appear at

around 36°.
[0260]

The CAAC-0S film is an oxide semiconductor film with a low impurity
concentration. The impurity is an element other than the main components of the oxide
semiconductor film, such as hydrogen, carbon, silicon, or a transition metal element. In
particular, an element that has higher bonding strength to oxygen than a metal element
included in the oxide semiconductor film, such as silicon, disturbs the atomic
arrangement of the oxide semiconductor film by depriving the oxide semiconductor film
of oxygen and causes a decrease in crystallinity. Further, a heavy metal such as iron or
nickel, argon, carbon dioxide, or the like has a large atomic radius (molecular radius), and
thus disturbs the atomic arrangement of the oxide semiconductor film and causes a
decrease in crystallinity when it is contained in the oxide semiconductor film. Note that
the impurity contained in the oxide semiconductor film might serve as a carrier trap or a
carrier generation source.

[0261]

The CAAC-OS film is an oxide semiconductor film having a low density of
defect states.  In some cases, oxygen vacancies in the oxide semiconductor film serve as
carrier traps or serve as carrier generation sources when hydrogen is captured therein.
[0262]

The state in which impurity concentration is low and density of defect states is
low (the number of oxygen vacancies is small) is referred to as a- "highly purified

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

[0263]

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

[0264]

Next, a microcrystalline oxide semiconductor film is described.
[0265]

‘ In an image obtained with the TEM, crystal parts cannot be found clearly in the
microcrystalline oxide semiconductor film in some cases. In most cases, the size of a
crystal part in the microcrystalline oxide semiconductor film is greater than or equal to 1
nm and less than or equal to 100 nm, or greater than or equal to 1 nm and less than or
equalto 10 nm. A microcrystal with a size gréater than or equal to 1 nm and less than or
equal to 10 nm, or a size greater than or equal to 1 nm and less than or equal to 3 nm, is
specifically referred to as nanocrystal (nc). An oxide semiconductor film including
nanocrystal is referred to as an nc-OS (nanocrystalline oxide semiconductor) film. Inan
image of the nc-OS film which is obtained with the TEM, for example, a boundary
between crystal parts is not clearly detected in some cases.

[0266]

In the nc-OS film, a microscopic region (for example, a region with a size

greater than or equal to | nm and less than or equal to 10 nm, in particular, a region with a

size greater than or equal to 1 nm and less than or equal to 3 nm) has a periodic atomic
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order in some cases. Note that there is no regularity of atomic arrangement between
different crystal parts in the nc-OS film. Thus, there is no regularity of atomic
arrangement in the film as a whole. Accordingly, in some cases, the nc-OS film cannot
be distinguished from an amorphous oxide semiconductor film depending on an analysis
method. For example, when the nc-OS film is subjected to structural analysis by an
out-of-plane method with an XRD apparatus using an X-ray having a beam diameter
larger than the size of a crystal part, a peak which shows a crystal plane does not appear in
some cases. Further, a halo pattern is shown in some cases in an electron diffraction
pattern of the nc-OS film which is obtained by using an electron beam having a beam
diameter larger than the size of a crystal part (e.g., a beam diameter of 20 nm¢ or more,
or 50 nm¢ or more). Furthermore, spots are shown in some cases in an electron
diffraction (referred to as nanobeam electron diffraction) pattern of the nc-OS film
obtained by using an electron beam having a beam diameter smaller than or equal to the
size of a crystal part (e.g., a beam diameter of 10 nm¢ or less, or 3 nm¢ or less). Ina
nanobeam electron diffraction pattern of the nc-OS film, for example, regions with high
luminance in a circular (or ring-shaped) pattern are shown in some cases. In a
nanobeam electron diffraction pattern of the nc-OS film, for example, a plurality of spots
is shown in a ring-shaped region in some cases.

[0267]

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

[0268]

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

[0269]
For example, the CAAC-OS ﬁlrﬁ is formed by a sputtering method with a
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polycrystalline metal oxide target. When ions collide with the target, a crystal region
included in the target may be separated from the target along an a-b plane; in other words,
a sputtered particle having a plane parallel to an a-b plane (flat-plate-like sputtered
particle or pellet-like sputtered particle) may flake off from the target. In that case, the
flat-plate-like or pellet-like sputtered particle reaches a substrate while maintaining their
crystal state, whereby the CAAC-OS film can be formed.
[0270]

For the deposition of the CAAC-OS film, the following conditions are

preferably used.

[0271]

By reducing the amount of impurities entering the CAAC-OS film during .the
deposition, the crystal state can be prevented from being broken by the impurities. For
example, the concentration of impurities (e.g., hydrogen, water, carbon dioxide, or
nitrogen) which exist in a treatment chamber may be reduced. Furthermore, the
concentration of impurities in a deposition gas may be reduced. Specifically, a
deposition gas whose dew point is —80 °C or lower, preferably —100 °C or lower is used.
[0272]

By increasing the substrate heating temperature during the deposition, migration
of a sputtered particle is likely to occur after the sputtered particle reaches a substrate
surface. Specifically, the substrate heating temperature during the deposition is higher
than or equal to 100 °C and lower than or equal to 740 °C, preferably higher than or equal
to 200 °C and lower than or equal to 500 °C. By increaéing the substrate heating
temperature during the deposition, when the flat-plate-like or pellet-like sputtered
particle reaches the substrate, migration occurs on the substrate surface, so that a flat
plane of the flat-plate-like sputtered particle is attached to the substrate.

[0273]

Furthermore, preferably, the proportion of oxygen in the deposition gas is
increased and the power is optimized in order to reduce plasma damage at the deposition.
The proportion of oxygen in the deposition gas is 30 vol% or higher, preferably 100 vol%.
[0274] |

As an example of the target, an In-Ga-Zn-based oxide target is described below.
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[0275]

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

[0276]

An alkali metal is not an element included in an oxide semiconductor and thus is
an impurity. Likewise, an alkaline earth metal is an impurity when the alkaline earth
metal is not a component of the oxide semiconductor. When an insulating film in
contact with an oxide semiconductor layer is an oxide, Na, among the alkali metals,
diffuses into the insulating film and becomes Na*.  Further, in the oxide semiconductor
layer, Na cuts or enters a bond between metal and oxygen which are components of the
oxide semiconductor. As a result, the electrical characteristics of the transistor
deteriorate; for example, the transistor is placed in a normally-on state due to a negative
shift of the threshold voltage or the mobility is decreased. In addition, the
characteristics of transistors vary. Specifically, the measurement value of a Na
concentration by secondary ion mass spectrometry is preferably 5 x 10'® /cm® or lower,
further preferably 1 x 10'® /em® or lower, still further preferably 1 x 10" /cm? or lower.
Similarly, the measurement value of a Li concentration is preferably 5 x 10" /cm® or
lower, further preferably 1 x 10'° /cm® or lower. - Similarly, the measurement value of a
K concentration is preferably 5 x 10'> /em? or lower, further preferably 1 x 10"° /em® or
lower.

[0277]

When metal oxide containing indium is used, silicon or carbon having higher
bond energy with oxygen than indium might cut the bond between indium and oxygen, SO
that an oxygen vacancy may be formed. Accordingly, when silicon or carbon is

contained in the oxide semiconductor layer, the electrical characteristics of the transistor
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are likely to deteriorate as in the case of using an alkali metal or an alkaline earth metal.
Thus, the concentrations of silicon and carbon in the oxide semiconductor layer are
preferably low. Specifically, the carbon concentration or the silicon concentration
measured by secondary ion mass spectrometry is 1 x 10'® /cm® or lower. In this case, the
deterioration of the electrical characteristics of the transistor can be prevented, so that the
reliability of a semiconductor device can be improved.

[0278]

A metal in the source electrode and the drain electrode might extract oxygen
from the oxide semiconductor layer depending on a conductive material used for the
source and drain electrodes. In such a case, a region of the oxide semiconductor layer in
contact with the source electrode or the drain electrode becomes an n-type region due to
the formation of an oxygen vacancy.

[0279]

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

[0280]

Note that the extraction of oxygen by a metal in the source electrode and the
drain electrode is probably caused when the source electrode and the drain electrode are
formed by a sputtering method or the like or when heat treatment is performed after the
formation of the source electrode and the drain electrode.

[0281]

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

[0282]

The oxide semiconductor layer is not limited to a single metal oxide film and
may have a stacked structure of a plurality of metal oxide films. In a semiconductor
film in which first to third metal oxide films are sequentially stacked, for example, the

first metal oxide film and the third metal oxide film are each an oxide film which contains



10

15

20

25

30

WO 2014/157019 PCT/JP2014/057948

56

at least one of the metal elements contained in the second metal oxide ﬂlrﬁ and whose
energy at the bottom of the conduction band is closer to the vacuum level than that of the
second metal oxide film by 0.05 eV or more, 0.07 ¢V or more, 0.1 eV or more, or 0.15 eV
or more and 2 eV or less, 1 eV or less, 0.5 eV or less, or 0.4 eV or less. Further, the
second metal oxide film preferably contains at least indium in order to increase the carrier
mobility.

[0283]

In the transistor including the above semiconductor film, when a voltage is
applied to the gate electrode so that an electric field is applied to the semiconductor ﬁlm,
a channel region is formed in the second metal oxide film, whose energy at the bottom of
the conduction band is the lowest. That is, since the third metal oxide film is provided
between the second metal oxide film and the gate insulating film, a channel region can be
formed in the second metal oxide film which is insulated from the gate insulating film.
[0284]

Since the third metal oxide film contains at least one of the metal elements
contained in the second metal oxide film, interface scattering is unlikely to occur at the
interface between the second metal oxide film and the third metal oxide film. Thus, the
movement of carriers is unlikely to be inhibited at the interface, which results in an
increase in the field-effect mobility of the transistor.

[0285]

If an interface level is formed at the interface between the second metal oxide
film and the first metal oxide film, a channel region is formed also in the vicinity of the
interface, which causes a change in the threshold voltage of the transistor. However,
since the first metal oxide film contains at least one of the metal elements contained in the
second metal oxide film, an interface level is unlikely to be formed at the interface
between the second metal oxide film and the first metal oxide film. Accordingly, the
above structure can reduce variations in the electrical characteristics of the transistor,
such as the threshold voltage.

[0286]

Further, it is preferable that a plurality of metal oxide films be stacked so that an

interface lével due to impurities existing between the metal oxide films, which inhibits

carrier flow, is not formed at the interface between the metal oxide films. This is



10

15

20

25

30

WO 2014/157019 PCT/JP2014/057948

57

because if impurities exist between the stacked metal oxide films, the continuity of the
energy at the bottom of the conduction band between the metal oxide films is lost, and
carriers are trapped or disappear by recombination in the vicinity of the interface. By
reducing impurities existing between the films, a céntinuousjunction (here, particularly a
U-shape well structure with the energy at the bottom of the conduction band changed
continuously between the films) is formed more easily than the case of merely stacking a
plurality of metal oxide films that contain at least one common metal as a main
component.

[0287]

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

[0288]

Not only high vacuum evaporation in a chamber but also high purity of a
sputtering gas is necessary to obtain a high-purity intrinsic oxide semiconductor. As an
oxygen gas or an argon gas used as the sputtering gas, a gas that is highly purified to have
a dew point of —40 °C or lower, preferably —80 °C or lower, more preferably —100 °C or
lower is used, so that entry of moisture or the like into the oxide semiconductor film can
be prevented as much as possible.

[0289]

For example, the first metal oxide film and/or the third metal oxide film can be
an oxide film that contains aluminum, silicon, titanium, gallium, germanium, yttrium,
zirconium, tin, lanthanum, cerium, or hafnium at a higher atomic ratio than the second
metal oxide film. Specifically, the first metal oxide film and/or the third metal oxide

film is preferably an oxide film with a content of any of the above elements 1.5 or more



15

20

25

30

WO 2014/157019 PCT/JP2014/057948

58

times, preferably 2 or more times, further preferably 3 or more times that of the second
metal oxide film in an atomic ratio. The above element is strongly bonded to oxygen
and thus has a function of suppressing generation of oxygen vacancies in the oxide film.
Accordingly, the first metal oxide film and/or the third metal oxide film can be an oxide
film in which oxygen vacancies are less likely to be generated than in the second metal
oxide film.

[0290]

Specifically, when both the second metal oxide film and the first or third metal
oxide film are In-M-Zn-based oxide films and the atomic ratio in the first or third metal
oxide film is In:M:Zn = x;:y,:z, and that in the second metal oxide film is n:M:Zn =
X2.y2:z2, the atomic ratios are set so that yi/x; is larger than y»/x;. Note that the element
M is a metal element whose bonding strength to oxygen is larger than that of In, and can
be AL, Ti, Ga, Y, Zr, Sn, La, Ce, Nd, or Hf, for example. The atomic ratios are preferably
set so that y,/x) is 1.5 or more times, preferably 2 or more times, further preferably 3 or
more times y2/x;. Here, in the second metal oxide film, y, is preferably larger than or
equal to x; because the transistor can have stable electrical characteristics. Note that the
field-effect mobility of the transistor is reduced when y; is 3 or more times x»; accordingly,
y2 is preferably smaller than 3 times x;.

[0291]

The thickness of the first metal oxide film and the third metal oxide film is
greater than or equal to 3 nm and less than or equal to 100 nm, preferably greater than or
equal to 3 nm and less than or equal to 50 nm. The thickness of the second metal oxide
film is greater than or equal to 3 nm and less than or equal to 200 nm, preferably greater
than or equal to 3 nm and less than or equal to 100 nm, further preferably greater than or
equal to 3 nm and less than or equal to 50 nm.

[0292]

In the three-layer semiconductor film, the first to third metal oxide films can be
amorphous or crystalline.  Note that the transistor can have stable electrical
characteristics when the second metal oxide film where a channel region is formed is
crystalline; therefore, the second metal oxide film is preferably crystalline.

[0293]

Note that a channel formation region refers to a region of a semiconductor film



10

15

20

25

-30

WO 2014/157019 PCT/JP2014/057948

59

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

[0294]

For example, when an In-Ga-Zn-based oxide film formed by a sputtering
method is used as the first and third metal oxide films, a target that is an In-Ga-Zn-based
oxide containing In, Ga, and Zn at an atomic ratio of 1:3:2 can be used to deposit the first
and third metal oxide films. The deposition conditions can be as follows, for example:
an argon gas (flow rate: 30 sccm) and an oxygen gas (flow rate: 15 sccm) are used as the
deposition gas; the pressure is 0.4 Pa; the substrate temperature is 200 °C; and the DC
power is 0.5 kW.

[0295]

Further, when the second metal oxide film is a CAAC-OS film, a target including
polycrystalline In-Ga-Zn-based oxide containing In, Ga, and Zn at an atomic ratio of.
1:1:1 is preferably used to deposit the second metal oxide film. The deposition
conditions can be as follows, for example: an argon gas (flow rate: 30 sccm) and an
oxygen gas (flow rate: 15 sccm) are used as the deposition gas; the pressure is 0.4 Pa; the
substrate temperature is 300 °C; and the DC power is 0.5 kW. k
[0296]

Note that the end portions of the semiconductor film in the transistor may be
tapered or rounded.

[0297]

Also in the case where a semiconductor film including stacked metal oxide films
is used in the transistor, a region in contact with the source electrode or the drain electrode
may be an n-type region. Such a structure increases the mobility and on-state current of
the transistor and achieves high-speed operation of a semiconductor device. Further,
when the semiconductor film including the stacked metal oxide films is used in the
transistor, the n-type region particularly preferably reaches the second metal oxide film
part of which is to be a channel region, because the mobility and on-state current of the
transistor are further increased and higher-speed operation of the semiconductor device is

achieved.
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[0298]

This embodiment can be implemented in appropriate combinations with any of
the other embodiments.
[0299]

(Embodiment 6)

In this embodiment, an example of a semiconductor device will be described.
FIG. 15 illustrates an example of a cross-sectional structure of a transistor 610 and a
transistor 611 included in the semiconductor device illustrated in FIG. 1, 5, or 7.

[0300]

A channel of the transistor 610 is included in an oxide semiconductor layer.
FIG. 15 shows the case where the transistor 610 is formed over the transistor 611 that has
a channel formation region in a single crystal silicon substrate.

[03011]

Note that an active layer in the transistor 611 can be an amorphous,
microcrystalline, polycrystalline, or single crystal semiconductor film of "silicon,
germanium, or the like. Alternatively, the transistor 611 may include an active layer
containing an oxide semiconductor. In the case where all of the transistors include an
active layer containing an oxide semiconductor, the transistor 610 is not necessarily
stacked over the transistor 611, and the transistors 610 and 611 may be formed in the same
layer.

[0302]

When the transistor 611 is formed using a thin silicon film, any of the following
can be used, for example: amorphous silicon formed by a sputtering method or a vapor
phase growth method such as a plasma-enhanced CVD method, polycrystalline silicon
obtained by crystallization of amorphous silicon by laser irradiation, and single crystal
silicon obtained by separation of a surface portion of a single crystal silicon wafer by
implantation of hydrogen ions or the like into the silicon wafer.

[0303]

Examples of a semiconductor substrate 1400 where the transistor 611 is formed
are an n-type or p-type silicon substrate, germanium substrate, silicon germanium
substrate, and compound semiconductor substrate (e.g., GaAs substrate, InP substrate,

GaN substrate, SiC substrate, GaP substrate, GalnAsP substrate, and ZnSe substrate).
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As an example, FIG. 15 shows the case where an n-type single crystal silicon substrate is
used.
[0304]

The transistor 611 is electrically isolated from other transistors by an element
isolation insulating film 1401. The element isolation insulating film 1401 can be
formed by local oxidation of silicon (LOCOS), trench isolation, or the like.

[0305] '

Specifically, the transistor 611 includes impurity regions 1402 and 1403 that are
formed in the semiconductor substrate 1400 and function as source and drain regions, a
gate electrode 1404, and a gate insulating film 1405 between the semiconductor substrate
1400 and the gate electrode 1404. The gate electrode 1404 overlaps with a channel
formation region formed between the impurity regions 1402 and 1403, with the gate
insulating film 1405 placed therebetween.

[0306]

An insulating film 1409 is provided over the transistor 611. Openings are
formed in the insulating film 1409. A wiring 1410 in contact with the impurity region
1402, a wiring 1411 in contact with the impurity region 1403, and a wiring 1412
electrically connected to the gate electrode 1404 are formed in the openings.

[0307]

The wiring 1410 is electrically connected to a wiring 1415 over the insulating
film 1409. The wiring 1411 is electrically connected to a wiring 1416 over the
insulating film 1409. The wiring 1412 is electrically connected to a wiring 1417 over
the insulating film 1409.

[0308].

An insulating film 1420 and an insulating film 1440 are formed to be stacked in
this order over the wirings 1415 to 1417. An opening is formed in the insulating films
1420 and 1440. A wiring 1421 electrically connected to the wiring 1417 is formed in

the opening.

[0309]

~ InFIG. 15, the transistor 610 is formed over the insulating film 1440.
[0310]

The transistor 610 includes, over the insulating film 1440, a semiconductor film
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1430 cbntaining an oxide semiconductor; conductive films 1432 and 1433 that function
as source and drain electrodes and are provided over the semiconductor film 1430; a gate
insulating film 1431 over the semiconductor film 1430 and the conductive films 1432 and
1433; and a gate electrode 1434 that is provided over the gate insulating film 1431 and
overlaps with the semiconductor film 1430 in the region between the conductive films
1432 and 1433. Note that the conductive film 1433 is electrically connected to the
wiring 1421.

[0311]

An insulating film 1441 and an insulating film 1442 are formed to be stacked in
this order over the transistor 610. An opening is formed in the insulating films 1441 and
1442. A conductive film 1443 that is in contact with the gate electrode 1434 in the
opening is provided over the insulating film 144].

[0312]

In FIG. 15, the transistor 610 includes the gate electrode 1434 on at least one side
of the semiconductor film 1430. Alternatively, the transistor 610 may include a pair of
gate electrodes with the semiconductor film 1430 placed therebetween.

[0313]

In the case where the transistor 610 has a pair of gate electrodes with the
semiconductor film 1430 therebetWeen, one of the gate electrodes may be supplied with a
signal for controlling whether to turn on or off the transistor 610, and the other of the gate
electrodes may be supplied with a potential from another element. In this case,
potentials with the same level may be supplied to the pair of gate electrodes, or a fixed
potential such as the ground potential may be supplied only to the other of the gate
electrodes. By controlling the level of a potential supplied to the other of the gate
electrodes, the threshold voltage of the transistor can be controlled.

[0314]

In FIG. 15, the transistor 610 has a single-gate structure in which one channel
formation region corresponding to one gate electrode 1434 is provided. Alternatively,
the transistor 610 may have a multi-gate structure in which a plurality of gate electrodes
electrically connected to each other are provided and thus a plurality of channel formation
regions are included in one active layer.

[0315]
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The semiconductor film 1430 is not limited to a single film of an oxide
semiconductor and may be a stack including a plurality of oxide semiconductor films.
FIG. 16A illustrates a structural example of a transistor 1110A in which the
semiconductor film 1430 has a three-layer structure.

[0316]

The transiétor 1110A illustrated in FIG. 16A includes the semiconductor film
830 over an insulating film 820 or the like, conductive films 832 and 833 electrically
connected to the semiconductor film 830, a gate insulating film 831, and a gate electrode
834 provided over the gate insulating film 831 so as to overlap with the serﬁiconductor
film 830.

[0317]

In the transistor 1110A, as the semiconductor film 830, oxide semiconductor
layers 830a to 830c are stacked in this order from the insulating film 820 side.
[0318]

The oxide semiconductor layers 830a and 830c are each an oxide film that
contains at least one of metal elements contained in the oxide semiconductor layer 830b.
The energy at the bottom of the conduction band of the oxide semiconductor layers 830a
and 830c is closer to a vacuum level than that of the oxide semiconductor layer 830b by
0.05 eV or more, 0.07 €V or more, 0.1 ¢V or more, or 0.15 €V or more and 2 eV or less, 1
eV or less, 0.5 €V or less, or 0.4 eV or less. The oxide semiconductor layer 830b
preferably contains at least indium in order to increase carrier mobility.

[0319]

As illustrated in FIG. 16B, the oxide semiconductor layer 830c overlapping with
the gate insulating film 831 may be partly provided over the conductive films 832 and
833.

[0320]
(Embodiment 7)

The semiconductor device according. to an embodiment of the present invention

can be used for display devices, personal computers, or image reproducing devices

provided with recording media (typically, devices which reproduce the content of

- recording media such as digital versatile discs (DVDs) and have displays for displaying

the reproduced images). Other than the above, as an electronic device which can use the
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semiconductor device according to an embodiment of the present invention, mobile
phones, game machines including portable game machines, portable information
terminals, electronic books, video cameras, 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.
Specific examples of these electronic devices are illustrated in FIGS. 17A to 17F.

[0321] _

FIG. 17A illustrates a portable game machine including 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.  Although the portable
game machine illustrated in FIG. 17A has the two display portions 5003 and 5004, the
number of display portions included in the portable game machine is not limited to this.
[0322]

FIG. 17B illustrates a portable information terminal including a housing 5601, a
housing 5602, a display portion 5603, a display portion 5604, a joint 5605, an operation
key 5606, and the like. The display portion 5603 is provided in the housing 5601, and
the display portion 5604 is provided in the housing 5602. The housing 5601 and the
housing 5602 are connected to each other with the joint 5605, and the angle between the
housing 5601 and the housing 5602 can be changed with the joint 5605. Images
displayed on the display portion 5603 may be switched in accordance with the angle at
the joint 5605 between the housing 5601 and the housing 5602. A display device with a
position input function may be used as at least one of the display portion 5603 and the
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 area of a
display device.

[0323]
FIG. 17C illustrates a notebook type personal computer including a housing

5401, a display portion 5402, a keyboard 5403, a pointing device 5404, and the like.

' [0324]

FIG. 17D illustrates an electric refrigerator-freezer including a housing 5301, a
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refrigerator door 5302, a freezer door 5303, and the like.
[0325]

FIG. 17E illustrates a video camera including a housing 5801, a 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 housing 5801, and the display
portion 5803 is provided in the housing 5802. The housing 5801 and the housing 5802
are connected to each other with the joint 5806, and the angle between the housing 5801
and the housing 5802 can be changed with the joint 5806. Images displayed on the
display portion 5803 may be switched in accordance with the angle at the joint 5806
between the housing 5801 and the housing 5802.

[0326]

FIG. 17F illustrates a passenger car including a car body 5101, wheels 5102, a

dashboard 5103, lights 5104, and the like.
[0327]
This embodiment can be implemented in appropriate combinations with any of

the other embodiments.

EXPLANATION OF REFERENCE

[0328]

100: first memory circuit portion, 101: gate portion, 102: latch portion, 110: ST-NAND,
111: ST-NAND, 112: ST-NAND, 113: ST-NAND, 116: node, 117: node, 150: second
memory circuit porfion, 151: first block, 152: second block, 160: ST-INV, 161: transistor,
162: transistor, 163: transistor, 164: capacitor, 165: node, 170: ST-INV, 171: transistor,
172: transistor, 173: transistor, 174: capacitor, 175: node, 200: wiring, 201: wiring, 202:
wiring, 203: ST-NAND, 210: transistor, 211: transistor, 212: transistor, 213: transistor,
214: transistor, 215: transistor, 216: transistor, 217: transistor, 218: transistor, 219;
transistor, 250: wiring, 251: wiring, 252: wiring, 253: ST-AND, 300: wiring, 301: wiring,
302: ST-INV, 310: transistor, 311: transistor, 312: transistor, 313: transistor, 314:
transistor, 315: trénsistor, 400: first memory circuit portion, 401: gate portion, 402: latch
portion, 410: ST-NAND, 411: ST-NAND, 412: ST-NAND, 413: ST-AND, 414:
ST-NAND, 415: ST-NAND, 416: ST-NAND, 421: node, 423: node, 424: node, 426:
node, 427: node, 450: second memory circuit portion, 451: first block, 452: second
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block, 460: ST-INV, 461: transistor, 462: transistor, 463: transistor, 464: capacitor, 465:
node, 470: ST-INV, 471: transistor, 472: transistor, 473: transistor, 474: capacitor, 475:
node, 500: first memory circuit portion, 501: gate portion, 502: master latch, 503: gate

- portion, 504: slave latch, 510: ST-NAND, 511: ST-NAND, 512: ST-NAND, 513:

ST-NAND, 516: node, 517: node, 530: ST-NAND, 531: ST-NAND, 532: ST-NAND,
533: ST-NAND, 536: node, 537: node, 550: second memory circuit portion, 551: first
block, 552: second block, 553: third block, 554: fourth block, 560: ST-INV, 561:
transistor, 562: transistor, 563: transistor, 564: capacitor, 565: node, 570: ST-INV, 571:
transistor, 572: transistor, 573: transistor, 574: capacitor, 575: node, 580: ST-INV, 581:
transistor, 582: transistor, 583: transistor, 584: capacitor, 585: node, 590: ST-INV, 591:
transistor, 592: transistor, 593: transistor, 594: capacitor, 595: node, 610: transistor, 611:
transistor, 700: logic array, 701: LE, 702: switch portion, 703: wiring group, 704: wiring
group, 705: input and output terminal, 711: LUT, 712: flip-flop, 713: multiplexer, 714:
configuration memory, 715: configuration memory, 716: input terminal, 717: output
terminal, 820: insulating film, 830: semiconductor film, 830a: oxide semiconductor
layer, 830b: oxide semiconductor layer, 830c: oxide semiconductor layer, 831: gate
insulating film, 832: conductive film, 833: conductive film, 834: gate electrode, 900:
configuration memory, 901: data line, 902: word line, 903: word line, 911: transistor,
912: transistor, 913: transistor, 914: capacitor, 920: configuration memory, 931:
transistor, 932: transistor, 933: transistor, 934: capacitor, 935: transistor, 936: transistor,
937: transistor, 938: capacitor, 940: inverter circuit, 941: data line, 942: word line, 943:
word line, 1000: CPU, 1001: main memory device, 1011: program counter, 1012:

instruction register, 1013: instruction decoder, 1014: general-use register, 1015: ALU,

1021: power switch, 1022: power supply control circuit, 1110A: transistor, 1400:

semiconductor substrate, 1401: element isolation insulating film, 1402: impurity region,
1403: impurity region, 1404: gate electrode, 1405: gate insulating film, 1409: insulating
film, 1410: wiring, 1411: wiring, 1412: wiring, 1415: wiring, 1416: wiring, 1417: wiring,
1420: insulating film, 1421: wiring, 1430: semiconductor film, 1431: gate insulating
film, 1432: conductive film, 1433: conductive film, 1434: gate electrode, 1440:
insulating film, 1441: insulating film, 1442: insulating film, 1443: conductive film,
5001: housing, 5002: housing, 5003: display portion, 5004: display portion, 5005:
microphone, 5006: speaker, 5007: operation key, 5008: stylus, 5101: car body, 5102:
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wheel, 5103: dashboard, 5104: light, 5301: housing, 5302: 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: joint, S606: operation key, 5801: housing, 5802: housing, 5803: display portion,
5804: operation key, 5805: lens, and 5806: joint.

This application is based on Japanese Patent Application serial no. 2013-061969
filed with Japan Patent Office on March 25, 2013, the entire contents of which are hereby

incorporated by reference.
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CLAIMS

1. A semiconductor device comprising:

a memory circuit portion;

a Schmitt trigger inverter;

a first transistor;

a second transistor;

a third transistor; and

a capacitor,

wherein an input terminal of the Schmitt trigger inverter and one of a source and a drain
of the first transistor are electrically connected to the memory circuit portion,

wherein an output terminal of the Schmitt trigger inverter is electrically connected to
one of a source and a drain of the second transistor,

wherein the other of the source and the drain of the second transistor, a first electrode of
the capacitor, and a gate of the third transistor are electrically connected to one another,

wherein a second electrode of the capacitor and one of a source and a drain of the third
transistor are electrically connected to a wiring, and

wherein the other of the source and the drain of the third transistor is electrically

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

2. The semiconductor device according to claim 1,
wherein the memory circuit portion comprises a latch circuit, and

wherein the latch circuit comprises a Schmitt trigger NAND circuit.

3. The semiconductor device according to claim 1,
wherein the memory circuit portion comprises a flip-flop circuit, and

wherein the flip-flop circuit comprises a Schmitt trigger NAND circuit.

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

comprises an oxide semiconductor.

5. The semiconductor device according to claim 4, wherein each of the first transistor

and the third transistor comprises a semiconductor material other than the oxide semiconductor.
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6. A semiconductor device comprising:
a latch circuit comprising a first node and a second node; and
a circuit comprising a first block and a second block,
wherein each of the first block and the second block comprises
a Schmitt trigger inverter;
a first transistor;
a second transistor;
a third transistor;
a capacitor; and
a third node where one of a source and a drain of the second transistor, a first
electrode of the capacitor, and a gate of the third transistor are electrically connected to one
another,
wherein an output terminal of the Schmitt trigger inverter is electrically
connected to the other of the source and the drain of the second transistor,
wherein a second electrode of the capacitor and one of a sourcve and a drain of
the third transistor are electrically connected to a first wiring, and
wherein the other of the source and the drain of the third transistor is
electrically connected to one of a source and a drain of the first transistor,
wherein an input terminal of the Schmitt trigger inverter and the other of the source and
the drain of the first transistor in the first block are electrically connected to the first node, and
wherein an input terminal of the Schmitt trigger inverter and the other of the source and

the drain of the first transistor in the second block are electrically connected to the second node.

7. The semiconductor device according to claim 6, further comprising:

a second wiring electrically connected to a gate of the first transistor in each of the first
block and the second block, and

a third wiring electrically connected to a gate of the third transistor in each of the first

block and the second block.

8. The semiconductor device according to claim 6,
wherein the latch circuit is configured to hold one of a first potential and a second
potential at the first node and the other of the first potential and the second potential at the second

node in a period when a supply of a power supply voltage is continued, and
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wherein the circuit is configured to hold the other of the first potential and the second
potential-at the third node in the first block and the one of the first potential and the second
potential at the third node in the second block in a period when the supply of the power supply

voltage is stopped.

9. The semiconductor device according to claim 6,

wherein the latch circuit comprises a Schmitt trigger NAND circuit.

10. The semiconductor device according to claim 6, wherein the second transistor

comprises an oxide semiconductor.

11. The semiconductor device according to claim 6, wherein each of the first transistor

and the third transistor comprises a semiconductor material other than the oxide semiconductor.

12. A semiconductor device comprising:
a flip-flop circuit comprising a first node and a second node; and
a circuit comprising a first block and a second biock,
wherein each of the first block and the second block comprises
a Schmitt trigger inverter;
a first transistor;
a second transistor;
a third transistor;
a capacitor; and
a third node where one of a source and a drain of the second transistor, a first
electrode of the capacitor, and a gate of the third transistor are electrically connected to one
another,
wherein an output terminal of the Schmitt trigger inverter is electrically
connected to the other of the source and the drain of the second transistor,
wherein a second electrode of the capacitor and one of a source and a drain of
the third transistor are electrically connected to a first wiring, and
wherein the other of the source and the drain of the third transistor is
electrically connected to one of a source and a drain of the first transistor,
wherein an input terminal of the Schmitt trigger inverter and the other of the source and

the drain of the first transistor in the first block are electrically connected to the first node, and
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wherein an input terminal of the Schmitt trigger inverter and the other of the source and

the drain of the first transistor in the second block are electrically connected to the second node.

13. The semiconductor device according to claim 12, further comprising:
a second wiring electrically connected to a gate of the first transistor in each of the first

block and the second block, and

a third wiring electrically connected to a gate of the third transistor in each of the first

block and the second block.

14. The semiconductor device according to claim 12,

wherein the flip-flop circuit is configured to hold one of a first potential and a second
potential at the first node and the other of the first potential and the second potential at the second
node in a period when a supply of a power supply voltage is continued, and

wherein the circuit is configured to hold the other of the first potential and the second
potential at the third node in the first block and the one of the first potential and the second
potential at the third node in the second block in a period when the supply of the power supply

voltage is stopped.

15. The semiconductor device according to claim 12,

wherein the flip-flop circuit comprises a Schmitt trigger NAND circuit.

16. The semiconductor device according to claim 15,

wherein the flip-flop circuit further comprises a Schmitt trigger AND circuit.

17. The semiconductor device according to claim 12, wherein the second transistor

comprises an oxide semiconductor.

18. The semiconductor device according to claim 12, wherein each of the first transistor

and the third transistor comprises a semiconductor material other than the oxide semiconductor.
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