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(57) Abstract: An object is reduction in power
consumption of a semiconductor device includ-
ing a memory circuit. In the semiconductor de-
vice including a memory circuit, the memory

circuit includes a memory cell including a
semiconductor element and a memory cell that
does not include a semiconductor element in a
region defined by a word line and a bit line
which intersect with each other. A transistor
formed using an oxide semiconductor so as to

have extremely low off-state current is used as
the semiconductor element, so that the reading
precision is improved and thus low voltage op-
eration can be performed. The memory cells
store data high or data low. The memory cell
comprising a semiconductor element stores mi-
nor data of high and low, and the memory cell
that does not comprise the semiconductor ele-
ment stores major data of high and low.
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DESCRIPTION

SEMICONDUCTOR DEVICE

TECHNICAL FIELD
{0001]
One embodiment of the present invention relates to a semiconductor device

including a memory circuit.

BACKGROUND ART
[0002]

In recent years, products with central processing units (CPUs), such as
household electrical appliances and computers, have spread in the world and serve as
necessities in our life. Generally, these products are equipped with integrated circuit
components such as a dedicated circuit having a specific function, a memory circuit, in
addition to the CPU. For example, in a product with a CPU and a memory circuit, the
memory circuit functions as a program storage area or working area of the CPU.

[0003]

As a product with a CPU and a memory circuit, for example, a semiconductor
device capable of radio communication disclosed in Non-Patent Document 1 is well
known. Such a semiconductor device is called a wireless chip, wireless IC, or the like.
[Reference]

[Non-Patent Document]

[0004]

[Non-Patent Document 1]

Hiroki Dembo et al, "RFCPUs on Glass and Plastic Substrates Fabricated by TFT
Transfer Technology", IEEE, TECHNICAL DIGEST OF INTERNATIONAL
ELECTRON DEVICES MEETING, December 5, 2005, pp. 1067-1069

DISCLOSURE OF INVENTION
[0005]

For improvement in operation speed of the CPU, a memory circuit is required
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to operate at higher speed. As a result, power consumption of the memory circuit
accounts for the major part of that of a circuit portion.
[0006]

However, the problem is that there is no attempt to reduce power consumption
in the aspect of the whole system integrated with the CPU and memory circuit although
the power consumption of individual components is attempted to be cut down, for in
general the CPU and the memory circuit are designed separately as versatile
components. |
[0007]

Since the off-state current of the conventional transistor included in the above
circuit is high, there is a problem in that leakage current of the transistor causes noise of
a bit line in a memory circuit, for example.

[0008]

Therefore, an object of one embodiment of the invention disclosed in this
specification is to provide a semiconductor device by which the above problems are
solved. '

[0009]

One embodiment of the invention disclosed in this specification relates to a
semiconductor device in which a transistor including an oxide semiconductor is
employed as a transistor used in a memory circuit and a configuration of the memory
cell is determined depending on data stored in the memory circuit so that the power
consumption of the semiconductor device can be reduced.

[0010}

One embodiment of the present invention is a semiconductor device including
a memory circuit and a central processing unit, in which the memory circuit includes
word lines, bit lines intersecting the word lines, and memory cells provided in regions
defined by the word lines and the bit lines which intersect with each other; the memory
cells include a memory cell including a semiconductor element and a memory cell that
does not include the semiconductor element; the semiconductor element is a transistor
including an oxide semiconductor in a channel formation region; and a gate of the
transistor is electrically connected to the word line, a drain of the transistor is

electrically connected to the bit line, and a source of the transistor is electrically
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connected to a reference potential line.
[0011]

Another embodiment of the present invention is a semiconductor device
including a memory circuit and a dedicated circuit, in which the memory circuit
includes word lines, bit lines intersecting the word lines, and memory cells provided in
regions defined by the word lines and the bit lines which intersect with each other; the
memory cells include a memory cell including a semiconductor element and a memory
cell that does not include the semiconductor element; the semiconductor element is a
transistor including an oxide semiconductor in a channel formation region; and a gate of
the transistor is electrically connected to the word line, a drain of the transistor is
electrically connected to the bit line, and a source of the transistor is electrically
connected to a reference potential line.

[0012]

Another embodiment of the present invention is a semiconductor device
including a memory circuit, a central processing unit, and a dedicated circuit, in which
the memory circuit includes word lines, bit lines intersecting the word lines, and
memory cells provided in regions defined by the word lines and the bit lines which
intérsect with each other; the memory cells include a memory cell including a
semiconductor element and a memory cell that does not include the semiconductor
element; the semiconductor element is a transistor including an oxide semiconductor in
a channel formation region; and a gate of the transistor is electrically connected to the
word line, a drain of the transistor is electrically connected to the bit line, and a source
of the transistor is electrically connected to a reference potential line.

[0013]

Here, a2 "memory cell including a semiconductor element” indicates a memory cell in
which a semiconductor element is electrically connected to a word line and a bit line
which form the memory cell. Further, a memory cell which does not include a
semiconductor element indicates a memory cell in which a semiconductor element is
not formed and a memory cell in which a semiconductor element that is not electrically
connected to one or both of a word line and a bit line is formed. In the case of the
memory cell in which a semiconductor element that is not electrically connected to one

or both of a word line and a bit line is formed, the semiconductor element does not
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drive; thus, the memory cell can be regarded as a memory cell which does not include a
semiconductor element substantially.
[0014] |

The transistor including an oxide semiconductor is preferably formed with use
of a highly-purified oxide semiconductor in which the number of carries is extremely
small. In the transistor including the oxide semiconductor, the off-state current density
per a channel width of 1 um at room temperature can be less than or equal to 10 aA/um
(1 x 1077 A/um), further less than or equal to 1 aA/um (1 x 107'® A/um), still further
less than or equal to 10 zA/um (1 x 107 A/um). Therefore, in the memory circuit
which is one embodiment of the present invention, noise of a bit line can be prevented
and a signal can be output stably.

[0015]

Each bit line is connected to a pre-charge circuit including a transistor
including an oxide semiconductor in a channel formation region. The off-state current
of the transistor is extremely low like the transistor described above; thus, the potential
of a bit line can be kept stable.

[0016]

The memory cell including a semiconductor element and the memory cell
which does not include a semiconductor element each store data high or data low. The
memory cell including a semiconductor element stores minor data of high and low
which constitute the data, and the memory cell that does not include the semiconductor
element stores major data of high and low.

[0017]

In a semiconductor device to which one embodiment of the present invention is
applied, a transistor including an oxide semiconductor is used in a memory circuit,
whereby noise of a bit line can be prevented. Further, the memory circuit includes a
memory cell that does not include the semiconductor element, so that power

consumption of the semiconductor device can be reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0018]
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In the accompanying drawingé:

FIG. 1 is a diagram illustrating a memory circuit;

FIG. 2 is a timing chart illustrating operation of the memory circuit;

FIG. 3 is a block diagram illustrating a configuration example of a
semiconductor device including a memory circuit and a CPU;

FIG. 4 is a diagram illustrating a memory circuit;

FIG. 5 a timing chart illustrating operation of the memory circuit;

FIG. 6 is a diagram illustrating a memory circuit;

FIG. 7 is a diagram illustrating a memory circuit;

FIGS. 8A and 8B are each a block diagram illustrating a configuration example
of a semiconductor device including a memory circuit and a CPU;

FIG. 9 is a block diagram illustrating a configuration example of a wireless
chip;

FIGS. 10A to 10D are each a cross-sectional view illustrating a structure of a
transistor;

FIGS. 11A to 11E are cross-sectional views illustrating a manufacturing
process of a transistor;

FIGS. 12A to 12F are each a diagram illustrating use of the wireless chip; and

FIGS. 13A and 13B are each a diagram illustrating a latch circuit.

BEST MODE FOR CARRYING OUT THE INVENTION
[0019]

Embodiments of the present invention will be described below with reference
to drawings. The present invention can be carried out in many different modes, and it
is easily understood by those skilled in the art that the modes and details disclosed
herein can be modified in various ways without departing from the spirit and the scope
of the present invention. Therefore, the present invention should not be interpreted as
being limited to the description of the Embodiments to be given below. Note that in all
the drawings that illustrate the Embodiments, the same reference numerals are used for
the same portions or the portions having similar functions, and the repeated description
thereof is omitted.

[0020]
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(Embodiment 1)

In this embodiment, a semiconductor device including a memory circuit and a
CPU will be described. FIG. 3 is a block diagram illustrating a configuration example
of the semiconductor device including the memory circuit and the CPU.

[0021]

The semiconductor device illustrated in FIG 3 includes a CPU 151, a main
memory 152, an input/output interface 153, an address bus 156, a data bus 157, and a
controller bus 158.

[0022]

The main memory 152 includes a ROM 154 and a RAM 155. The ROM 154
is used as a prograni memory which stores a program executed by the CPU 151. The
RAM 155 is used as a working memory for executing a program by the CPU 151.
[0023]

The CPU 151 and the main memory 152 are connected via the address bus 156.
Further, the CPU 151, the main memory 152, and the input/output interface 153 are
connected to each other via the data bus 157 and the controller bus 158.

[0024]

The CPU 151 controls operation of an apparatus. Data required for the CPU
151 to execute a program is stored in the ROM 154 included in the main memory 152.
[0025]

The ROM 154 is a memory circuit only for reading out data. Data stored in
the ROM 154 is fixed in a manufacturing stage.

[0026]

' Since programming data required for the CPU 151 to execute a command or a
process is stored in the ROM 154, the process operation of the CPU 151 and the data
reading from the main memory 152 are performed repeatedly. The ROM 154
consumes electricity in reading out the data required for the CPU 151 operation.

[0027]

The RAM 155 is a memory circuit which is capable of writing and rewriting
data. The RAM 155 is used mainly for storing a processing result of the CPU 151.
Input of a signal from an external device and output of a signal to an external device are

carried out via the input/output interface 153.
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[0028]

Data used in the semiconductor device illustrated in FIG. 3, such as data stored
in the main memory 152, is described in binary scale: that is, the data is described as "1"
or "0". Hereinafter, the "1" and "0" which constitute the data are described as "high"
and "low", respectively, depending on the potential of a signal.
[0029]

The address bus 156 is a wiring (route) for transmitting addresses of commands
or data required by the CPU 151 to the main memory 152. The data bus 157 is a
wiring (route) for reading out and writing data from/to the main memory 152, and for
obtaining and providing data from/for an external device via the input/output interface
153. The controller bus 158 is a wiring (route) for providing control information for
the main memory 152 and the input/output interface 153.
[0030]

Next, a configuration of the ROM 154 will be described with reference to FIG
1 and FIG 4. FIG 1 is a circuit diagram illustrating a configuration example where
"high" is a majority in the data stored in the ROM 154. FIG 4 is a circuit diagram
illustrating a configuration example where "low" is a majority in the data stored in the
ROM 154.
[0031]

In order to determine the configuration of the ROM 154, data stored in the
ROM 154, for example, a program required by the CPU 151, is analyzed to determine
which of "high" and "low" is the major data. By determining the configuration of the
ROM 154 depending on the result, the power consumption of the whole semiconductor
device can be reduced. First, a circuit configuration example of the ROM 154 where
"high" is the major data will be described with reference to FIG. 1.
[0032]

As illustrated in FIG. 1, the ROM 154 includes a first word line 101, a second
word line 102, a first bit line 103, a second bit line 104, a first memory cell 106, a
second memory cell 107, a third memory cell 108, and a fourth memory cell 109. '
[0033]

In order to read out data from these memory cells, the memory circuit of this

embodiment includes a first pre-charge circuit 110, a second pre-charge circuit 111, a
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first buffer 124, a second buffer 125, a first memory output line 126, and a second
memory output line 127.
[0034]

The first pre-charge circuit 110 can precharge the first bit line 103 which is
connected to the first pre-charge circuit 110. The second pre-charge circuit 111 can
precharge the second bit line 104 which is connected to the second pre-charge circuit
111.

[0035]

In a configuration example of the memory circuit (the ROM 154) in FIG. 1, the
number of word lines is two and the number of bit lines is two, and four memory cells
are arrayed in two columns and two rows. The number of word lines and bit lines, and
the array and the number of memory cells are not limited to the configuration example
illustrated in FIG 1. More than two word lines and more than two bit lines can be
provided. The array and the number of memory cells are determined depending on the
number of these wirings. This is also the same with configuration examples of
memory circuits illustrated in other drawings.

[0036] '

As illustrated in FIG. 1, the word lines and the bit lines are arranged to be
perpendicular to each other. The first memory cell 106, the second memory cell 107,
the third memory cell 108, and the fourth memory cell 109 are provided in four regions
(regions enclosed by dotted lines in FIG 1) defined by the word lines and the bit lines
which intersect with each other.

[0037]

The first memory cell 106 is a cell including a semiconductor element
connected to the bit line and the word line, and is provided in a region defined by the
first word line 101 and the first bit line 103 which intersect with each other.

[0038]

The second memory cell 107 is a vacant cell, and is provided in a region
defined by the first word line 101 and the second bit line 104 which intersect with each
other. Here, the vacant cell indicates a cell which does not include a semiconductor
element such as a diode, transistor, or memory element; that is, a memory cell whose

inside is vacant.
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[0039]

The third memory cell 108 is also a vacant cell, and is provided in a region
defined by the second word line 102 and the first bit line 103 which intersect with each
other.

[0040]

The fourth memory cell 109 is also a vacant cell, and is provided in a region
defined by the second word line 102 and the second bit line 104 which intersect with
each other.

[0041]

A transistor, diode, memory element (memory transistor), or the like can be
used as the semiconductor element included in the first memory cell 106. In this
embodiment, a transistor is used as the semiconductor element.

[0042]

A transistor 114 preferably has low off-state current characteristics in order to
prevent unnecessary leakage of charges which causes noise of the first bit line. Thus,
although a transistor including a silicon semiconductor can be used as the transistor 114,
it is preferable to use a transistor including an oxide semiconductor so as to have
extremely low off-state current characteristics. The same can be said for a first
pre-charging transistor 118 used in the first pre-charge circuit 110 and a second
pre-charging transistor 119 used in the second pre-charge circuit 111.

[0043]

For example, for the oxide semiconductor, a thin film represented by the
chemical formula of InMO3(ZnO),, (m > 0) can be used. Here, M represents one or
more metal elements selected from Ga, Al, Mn, and Co. For example, M can be Ga,
Ga and Al, Ga and Mn, Ga and Co, or the like.

[0044]

In this embodiment, the transistor 114 formed in the memory cell illustrated in
FIG. 1 is an n-channel transistor whose channel formation region is formed using an
oxide semiconductor. A transistor connected to a bit line, a transistor connected to a
word line, and a transistor included in a CPU or a dedicated circuit which is connected
to a memory circuit, except for transistors used in pre-charge circuits described below,

may be formed using silicon or the like.
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[0045]

In the first memory cell 106, a gate electrode of the transistor 114 is connected
to the first word line 101; a drain electrode thereof is connected to the first bit line 103;
a source electrode thereof is connected to a reference potential line so as to have a fixed
potential. For example, the potential of the reference potential line connected to the
source electrode is a ground potential in the configuration example of FIG. 1.

[0046]

In this specification, a cell including a semiconductor element in which one of
the electrodes is connected to the reference potential line is referred to as a "grounded
cell"; accordingly, the first memory cell 106 is a grounded cell.

[0047]

The first pre-charge circuit 110 is connected to the first bit line 103, and an
input terminal of the first buffer 124 is connected to an output terminal of the first bit
line 103. In the same manner as that of the first bit line 103, the second pre-charge
circuit 111 is connected to the second bit line 104, and an input terminal of the second
buffer 125 is connected to an output terminal of the second bit line 104.

[0048]

In the case where a conventional transistor formed using silicon or the like is
used as the transistor 114, since the off-state current of the transistor is high, a potential
is output to a bit line from a memory element that is not supposed to supply a potential
to the bit line, so that it is difficult to keep the potential of the bit line. Accordingly,
false recognition of reading data occurs. Further, driving at low voltage is difficult.
[0049]

In one embodiment of the present invention, however, since the transistor
formed using an oxide semiconductor so as to have an extremely low off-state current
characteristics is used as described above, reading precision can be improved and
driving at low voltage is possible without consideration of the change in potential of a
bit line due to an off-state current. Further, since potential retention capability is high,
a configuration in which a capacitor or a sequential circuit such as a latch circuit is not
provided is possible.

[0050]

Needless to say, a sequential circuit or a capacitor may be provided; for
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example, a latch circuit illustrated in FIG. 13A or FIG 13B may be connected to a bit
line so as to be provided between a pre-charge circuit and a memory cell. The latch
circuit illustrated in FIG. 13A includes an inverter 1120 and an inverter 1121, and
connected to a bit line 1103. The latch circuit illustrated in FIG 13B includes an
inverter 1130 and a p-channel transistor 1131, and connected to the bit line 1103 as
illustrated.

[0051]

The first pre-charge circuit 110 and the second pre-charge circuit 111 have the
same configuration, and each of them has a transistor. The first pre-charge circuit 110
includes a first pre-charging transistor 118, and the second pre-charge circuit 111
includes a second pre-charging transistor 119.

[0052]

Gate electrodes of the first pre-charging transistor 118 and the second
pre-charging transistor 119 are connected in common to the pre-charge line 105, and
source electrodes thereof are connected in common to a power supply line 130. A
drain electrode of the first pre-charging transistor 118 is connected to the first bit line
103, and a source electrode of the second pre-charging transistor 119 is connected to the
second bit line 104. The potential of the power supply line 130 is fixed at a constant
potential.

[0053]

As the first pre-charging transistor 118 and the second pre-charging transistor
119, an n-channel transistor including an oxide semiconductor is employed like the
transistor 114. When the off-state current of the pre-charging transistor is suppressed
to be extremely low, unnecessary flow of charges from the power supply line 130 to the
first bit line 103 or the second bit line 104 can be prevented.

[0054]

' An output terminal of the first buffer 124 is connected to the first memory
output line 126, and an output terminal of the second buffer 125 is connected to the
second memory output line 127.

[0055]
Next, operation of reading out data from the memory circuit illustrated in FIG.

1 will be described with reference to the timing chart of FIG. 2. The memory circuit
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illustrated in FIG 1 is an example of a circuit including the two bit lines and the two
word lines; accordingly, the period of time for one data readout operation includes a
first pre-charge signal period 208, a first word signal period 209, a first data holding
period 210, a second pre-charge signal period 211, a second word signal period 212, and
a second data holding period 213, as is shown in the timing chart of FIG. 2.

[0056]

In FIG. 2, a potential 201 of the first word line, a potential 202 of the second
word line, a potential 203 of the first bit line, a potential 204 of the second bit line, a
potential 205 of the pre-charge line, a potential 206 of the first memory output line, and
a potential 207 of the second memory output line are shown sequentially from the top.
[0057]

First, when a potential 205 of the pre-charge line is set at "high" in the first
pre-charge signal period 208, the potentials of the gate electrodes of the first
pre-charging transistor 118 and the second pre-charging transistor 119 become "high".
[0058]

A potential is supplied to the first bit line 103 from the power supply line 130,
which is connected to the drain electrode of the first pre-charging transistor 118, via the
first pre-charging transistor 118. A potential is also supplied to the second bit line 104
from the power supply line 130, which is connected to the drain electrode of the second
pre-charging transistor 119, via the second pre-charging transistor 119.

[0059]

As a result, a potential 203 of the first bit line becomes "high" and a potential
204 of the second bit line becomes "high". At this time, the off-state current of the
transistor connected to the bit line is extremely low; thus, the potential of the bit line is
hardly changed and is kept.

[0060]

Next, the potential 205 of the pre-charge line is set at "low" and the potential
201 of the first word line is set at "high" in the first word signal period 209, so that
"high" is applied to the gate electrode of the transistor 114 in the first memory cell 106 .
[0061]

Upon application of "high" to the gate electrode, the potential 203 of the first

bit line becomes "low" since the potential of the source electrode of the transistor 114 is



10

15

20

25

30

WO 2011/118351 13 PCT/JP2011/054835

at the ground potential. In this state, the off-state current of the transistor connected to
the bit line is extremely low; thus, the potential of the bit line is hardly changed and is
kept.

[0062]

On the other hand, the potential 204 of the second bit line is not changed and is
kept at "high", since the second memory cell 107 is a vacant cell.  That is, the potential
203 of the first bit line becomes "low" and the potential 204 of the second bit line
becomes "high".

[0063]

Here, the potential 203 of the first bit line is output as a signal "low" to the first
memory output line 126 via the first buffer 124, and the potential 204 of the second bit
line is output as a signal "high" to the second memory output line 127 via the second
buffer 125. That is, "low" and "high" can be read out from the first memory cell 106
and the second memory cell 107, respectively, which correspond to the first word line
101.

[0064]

Also in the first data holding period 210, the off-state current of a transistor
connected to each bit line is extremely low; thus, the potential 203 of the first bit line
and the potential 204 of the second bit line are hardly changed and are kept.‘
Accordingly, the potential 206 of the first memory output line is kept at "low" and the
potential 207 of the second memory output line is kept at "high".

[0065]

Next, in the second pre-charge signal period 211, the potential 205 of the
pre-charge line is set at "high", and then the potentials of the gate electrodes of the first
pre-charging transistor 118 and the second pre-charging transistor 119 become "high".
[0066]

A potential is supplied to the first bit line 103 from the power supply line 130,
which is connected to the drain electrode of the first pre-charging transistor 118, via the
first pre-charging transistor 118. A potential is also supplied to the second bit line 104
from the power supply line 130, which is connected to the drain electrode of the second
pre-charging transistor 119, via the second pre-charging transistor 119.

[0067]
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As a result, the potential 203 of the first bit line becomes "high" and the
potential 204 of the second bit line is also kept at "high".
[0068]

Next, in the second word signal period 212, the potential 205 of the pre-charge
line is set at "low" and the potential 202 of the second word line is set at "high".
[0069]

The potential 203 of the first bit line and the potential 204 of the second bit line
are not changed and kept at "high", since no memory cell is electrically connected to the
second word line 102.

[0070]

After that, the potential 203 of the first bit line is output as a signal "high" to
the first memory output line 126 via the first buffer 124. The potential 204 of the
second bit line is output as a signal "high" to the second memory output line 127 via the
second buffer 125. That is, the data "high" and "high" can be read out from the third
memory cell 108 and the fourth memory cell 109, respectively.

[0071]

In the second data holding period 213, the off-state current of a tramsistor
connected to each bit line is extremely low; thus, the potential 203 of the first bit line
and the potential 204 of the second bit line are hardly changed and are kept.
Accordingly, the potential 206 of the first memory output line and the potential 207 of
the second memory output line are kept at "high".

[0072]

As described above, the data "low", "high", "high", and "high" is acquired from
the first to fourth memory cells 106 to 109, respectively.
[0073]

It is not necessary to drive transistors in the memory cells in readout operation
because in the second to fourth memory cells 107 to 109 storing the data "high", no
semiconductor elements are connected to the word lines. Accordingly, power
consumption of the semiconductor device can be reduced.

[0074]
In particular, in the second word line 102 to which no semiconductor elements

is connected, electric power for driving the word line is extremely small. Thus, in the
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case where "high" is the major data in the data stored in a memory circuit, it is
preferable that a vacant cell be used as a memory cell storing "high" like the
configuration example of the memory circuit illustrated in FIG. 1.

[0075]

Next, a circuit configuration example of a memory circuit where "low" is the
major data in the data stored in the ROM 154 will be described with reference to FIG. 4.
[0076]

In FIG 4, the same reference numerals as those in FIG. 1 indicate the same
components as those in FIG. 1. The configuration of the memory circuit illustrated in
FIG. 4 differs from that of FIG. 1 in that the first buffer 124 and the second buffer 125
illustrated in FIG. 1 are replaced with a first inverter 144 and a second inverter 145,
respectively. The other components are the same as those in the circuit illustrated in
FIG 1.

[0077]

Next, operation of reading out data from the memory circuit illustrated in FIG.
4 will be described with reference to the timing chart of FIG. 5. The memory circuit
illustrated in FIG. 4 is an example of a circuit including the two bit lines and the two
word lines; accordingly, the period of time for one data readout operation includes a
first pre-charge signal period 508, a first word signal period 509, a first data holding
period 510, a second pre-charge signal period 511, a second word signal period 512, and
a second data holding period 513, as is shown in the timing chart of FIG. 5.

[0078]

In FIG. 5, a potential 501 of the first word line, a potential 502 of the second
word line, a potential 503 of the first bit line, a potential 504 of the second bit line, a
potential 505 of the pre-charge line, a potential 506 of the first memory output line, and
a potential 507 of the second memory output line are shown sequentially from the top.
[0079]

First, the potential 505 of the pre-charge line is set at "high" in the first
pre-charge signal period 508. At this time, the potentials of the gate electrodes of the
first pre-charging transistor 118 and the second pre-charging transistor 119 become
"high".

[0080]
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A potential is supplied to the first bit line 103 from the power supply line 130,
which is connected to the drain electrode of the first pre-charging transistor 118, via the
first pre-charging transistor 118. A potential is also supplied to the second bit line 104
from the power supply line 130, which is connected to the drain electrode of the second
pre-charging transistor 119, via the second pre-charging transistor 119.

[0081]

As a result, the potential 503 of the first bit line becomes "high" and the
potential 504 of the second bit line becomes "high". At this time, the off-state current
of the transistor connected to the bit line is extremely low; thus, the potential of the bit
line is hardly changed and is kept.

[0082]

Next, the potential 505 of the pre-charge line is set at "low" and the potential
501 of the first word line is set at "high" in the first word signal period 509, so that
"high" is applied to the gate electrode of the transistor 114 in the first memory cell 106 .
[0083]

Upon application of "high" to the gate electrode, the potential 503 of the first
bit line becomes "low" since the potential of the source electrode of the transistor 114 is
at the ground potential. In this state, the off-state current of the transistor connected to
the bit line is extremely low; thus, the potential of the bit line is hardly changed and is
kept.

[0084]

On the other hand, the potential 504 of the second bit line is not changed and is
kept at "high", since the second memory cell 107 is a vacant cell. That is, the potential
503 of the first bit line becomes "low" and the potential 204 of the second bit line
becomes "high".

[0085]

The potential 503 of the first bit line and the potential 504 of the second bit line
are input to and inverted in the first inverter 144 and the second inverter 145,
respectively. Accordingly, a signal "high" is output via the first memory output line
126, and a signal "low" is output via the second memory output line 127. That is, the
data "high" and "low" is read out from the first memory cell 106 and the second

memory cell 107, respectively.
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[0086]

Also in the first data holding period 510, the off-state current of a transistor
connected to each bit line is extremely low; thus, the potential 503 of the first bit line
and the potential 504 of the second bit line are hardly changed and are kept.
Accordingly, the potential 506 of the first memory output line is kept at "high" and the
potential 507 of the second memory output line is kept at "low".

[0087]

Next, when- a potential 505 of the pre-charge line is set at "high" in the second
pre-charge signal period 511, the potentials of the gate electrodes of the first
pre-charging transistor 118 and the second pre-charging transistor 119 become "high".
[0088]

A potential is supplied to the first bit line 103 from the power supply line 130,
which is connected to the drain electrode of the first pre-charging transistor 118, via the
first pre-charging transistor 118. A potential is also supplied to the second bit line 104
from the power supply line 130, which is connected to the drain electrode of the second
pre-charging transistor 119, via the second pre-charging transistor 119.

[0089]

As a result, the potential 503 of the first bit line becomes "high" and the
potential 504 of the second bit line is kept at "high".
[0090]

Next, in the second word signal period 512, the potential 505 of the pre-charge
line is set at "low" and the potential 502 of the second word line is set at "high".
[0091]

The potential 503 of the first bit line and the potential 504 of the second bit line
are not changed and kept at "high", since no memory cell is electrically connected to the
second word line 102.

[0092]

The potential 503 of the first bit line and the potential 504 of the second bit line
are input to and inverted in the first inverter 144 and the second inverter 145,
respectively. Accordingly, a signal "low" is output via the first memory output line
126, and a signal "low" is output via the second memory output line 127. That is, the

data "low" and "low" is read out from the third memory cell 108 and the fourth memory
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cell 109, respectively.
[0093]

Also in the second data holding period 513, the off-state current of a transistor
connected to each bit line is extremely low; thus, without a sequential circuit or a
capacitor, the potential 503 of the first bit line and the potential 504 of the second bit
line are hardly changed and are kept. Accordingly, the potential 506 of the first
memory output line is kept at "low" and the potential 507 of the second memory output
line is kept at "low".

[0094]

As described above, the data "high", "low", "low", and "low" is acquired from
the first to fourth memory cells 106 to 109, respectiQely.
[0095]

It is not necessary to drive transistors in the memory cells in readout operation
because in the second to fourth memory cells 107 to 109 storing the data "low", no
semiconductor elements are connected to the word lines. Accordingly, power
consumption of the whole semiconductor device can be reduced.

[0096]

In particular, in the second word line 102 to which no semiconductor elements
is connected, electric power for driving the word line is extremely small. Thus, in the
case where "low" is the major data in the data stored in a memory circuit, it is preferable
that a vacant cell be used as a memory cell storing "low" like the configuration example
of the memory circuit illustrated in FIG. 4.

[0097]

In this manner, power consumption can be reduced quite effectively by setting
the memory cell storing major data of "high" and "low" vacant depending on the data
stored in the ROM 154 (e.g., the programming data of‘ the CPU 151). Further, heat
generation can be suppressed since the power consumption can be reduced. Thus, the
configuration of the memory circuit described in this embodiment can provide a
semiconductor device with low power consumption and low heat generation.

[0098]
The memory circuits illustrated in FIG. 1 and FIG. 4 in this embodiment are

suitable particularly for a memory circuit (e.g., a mask ROM) in which data stored in
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each memory cell is fixed in a manufacturing stage.
[0099]

Note that this embodiment can be combined with any of the other embodiments
and examples as appropriate.
[0100]

(Embodiment 2)

As is described in Embodiment 1, a memory circuit can be configured to
minimize the power consumption by analyzing the data of a program required by the
CPU in the CPU and the memory circuit storing a program (a program memory), which
have a close relation with each other in a configuration of a semiconductor device.
[0101]

In addition, even when the data of a program is not analyzed, the power
consumption can be effectively reduced by changing the configuration of the memory
circuit depending on data of NOP commands of the CPU. In this embodiment, such an
example will be described.

[0102]

In this embodiment, a plurality of memory cells storing NOP commands are
composed of vacant cells in the memory circuit. For example, in the case where a
NOP command consists of data "high" (or "1") only, the memory circuit (the ROM 154)
as in FIG. 1 can be used for a program memory.

[0103]

In the configuration example of the memory circuit illustrated in FIG 1, the
data of the NOP command is stored in the third memory cell 108 and the fourth memory
cell 109 which are arrayed in the second row (the second word line 102) of the memory
circuit. All the memory cells in the second row are vacant cells, and the signals "high"
and "high" can be read out from the third memory cell 108 and the fourth memory cell
109, respectively.

[0104]

That is, the NOP command described in "1" only can be acquired. The above
configuration of the memory circuit can reduce the power consumption required for
reading out the NOP command. In addition, heat generation can be suppressed owing

to the reduction in the power consumption.
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[0105]

In the case where the NOP command is composed of data "low" (or "0") only,
the memory circuit as in FIG. 4 can be employed.
[0106]

Also in the configuration example illustrated in FIG. 4, the data of the NOP
command is stored in the memory cells arrayed in the second row; thus, the signals
"low" and "low" are read out from the third memory cell 108 and the fourth memory
cell 109, respectively. That is, the NOP command described in "0" only can be
acquired.

[0107]

As described above, the power cdnsumption required for reading out the NOP
command of the CPU can be reduced by setting a plurality of memory cells storing the
NOP command vacant. The power consumption can be effectively reduced in
particular by setting all the memory cells formed corresponding to at least one word line
vacant.

[0108]

Although the NOP command is stored in the memory cells (the third memory
cell 108 and the fourth memory cell 109) formed corresponding to the one word line
(the second word line 102) in the configuration examples illustrated in FIG. 1 and FIG. 4,
the NOP command can also be stored in memory cells formed corresponding to a
plurality of word lines.

[0109]

Note that this embodiment can be combined with any of the other embodiments
and examples as appropriate.
[0110]

(Embodiment 3)

In this embodiment, an example of a memory circuit provided with memory
cells in place of vacant cells will be described. The memory cells have functions
similar to those of the vacant cells.

[0111]
In this embodiment, in order that the memory cell has a function similar to that

of a vacant cell, a semiconductor element such as a transistor is provided in a memory
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cell and the semiconductor element is not electrically connected to a word line. The
memory cell including the semiconductor element which is not electrically connected to
the word line as described above will be referred to as an "open cell”.

[0112]

A configuration example of a memory circuit of this embodiment will be
described below with reference to FIG 6. In this embodiment, a configuration
example is described where "high" is the major data in the data stored in a memory
circuit. The memory circuit illustrated in FIG. 6 has the same data array as that
illustrated in FIG. 1, and the reference numerals in FIG. 1 which are the same as those in
FIG. 6 indicate the same components.

[0113]

The memory circuit (the ROM 154) illustrated in FIG. 6 has the second to
fourth memory cells 607 to 609 whose configurations are different from those illustrated
in FIG. 1, and the configurations of the other components in FIG 6 are the same as those
illustrated in FIG. 1. A transistor is formed in each of the memory cells in the memory
circuit in FIG 6.

[0114]

The first memory cell 606 is a grounded cell like the first memory cell 106 in
FIG. 1. A source electrode of the transistor 616 is connected to the reference potential
line; a drain electrode thereof is connected to the first bit line 103; and a gate electrode
thereof is connected to the first word line 101.

[0115]

A transistor 616 preferably has low off-state current characteristics in order to
prevent unnecessary leakage of charges which causes noise of the first bit line. Thus,
although a transistor including a silicon semiconductor can be used as the transistor 616,
it is preferable to use a transistor including an oxide semiconductor so as to have
extremely low off-state current characteristics. The same can be said for a first
pre-charging transistor 118 used in the first pre-charge circuit 110 and a second
pre-charging transistor 119 used in the second pre-charge circuit 111.

[0116]
For example, for the oxide semiconductor, a thin film represented by the

chemical formula of InMO3(Zn0O),, (m > 0) can be used. Here, M represents one or
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more metal elements selected from Ga, Al, Mn, and Co. For example, M can be Ga,
Ga and Al, Ga and Mn, Ga and Co, or the like.
[0117]

In this embodiment, the transistor 616 formed in the memory cell and the first
pre-charging transistor 118 and the second pre-charging transistor 119 formed in the
pre-charge circuits illustrated in FIG. 6 are each an n-channel transistor whose channel
formation region is formed using an oxide semiconductor. A transistor connected to a
bit line, a transistor connected to a word line, and a transistor included in a CPU or a
dedicated circuit which is connected to a memory circuit, except for transistors used in
pre-charge circuits, may be formed using silicon or the like.

[0118]

On the other hand, the second memory cell 607, the third memory cell 608, and
the fourth memory cell 609 are open cells.
[0119]

In the second memory cell 607, the source electrode of the transistor 616 is
connected to the reference potential line; the drain electrode thereof is connected to the
second bit line 104; and the gate electrode thereof is not electrically connected to the
first word line 101.

[0120]
In the third memory cell 608, a source electrode of the transistor 618 is

connected to the reference potential line; a drain electrode thereof is connected to the

first bit line 103; and a gate electrode thereof is not electrically connected to the second
word line 102.
[0121]

In the fourth memory cell 609, a source electrode of a transistor 619 is
connected to the reference potential line; a drain electrode thereof is connected to the
second bit line 104; and a gate electrode thereof is not electrically connected to the
second word line 102.

[0122]

Note that "open" in the "open cell" in this embodiment indicates that a word

line and a gate electrode of a transistor are not connected to each other. In order to

form an open cell like the second to fourth memory cells 607 to 609, a word line is
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formed so that the word line and a gate electrode of a transistor are not connected to
each other, for example.
[0123]

Since readout operation of the memory circuit (the ROM 154) in this
embodiment is the same as that of the memory circuit illustrated in FIG 1, data readout
operation in this embodiment will be described with reference to the timing chart of FIG
2.

[0124]

First, in the first pre-charge signal period 208, the potential 205 of the
pre-charge line is set at "high". At this time, the potential of the gate electrode of the
first pre-charging transistor 118 becomes "high".

[0125]

A potential is supplied to the first bit line 103 from the power supply line 130,
which is connected to the drain electrode of the first pre-charging transistor 118, via the
first pre-charging transistor 118. A potential is also supplied to the second bit line 104
from the power supply line 130, which is connected to the drain electrode of the second
pre-charging transistor 119, via the second pre-charging transistor 119. As a result, the
potential 203 of the first bit line and the potential 204 of the second bit line become
"high". At this time, the off-state current of the transistor connected to the bit line is
extremely low; thus, the potential of the bit line is hardly changed and is kept.

[0126]

Next, in the first word signal period 209, the potential 205 of the pre-charge
line is set at "low" and the potential 201 of the first word line is also set at "high", so
that in the first memory cell 606, "high" is applied to the gate electrode of the transistor
616, which is connected to the first word line 101. In this state, the off-state current of
the transistor connected to the bit line is extremely low; thus, the potential of the bit line
is hardly changed and is kept.

[0127]

At this time, the potential 203 of the first bit line becomes "low" since the

potential of the source electrode of the transistor 616 is at the ground potential.
[0128]
On the other hand, the potential 204 of the second bit line is hardly changed
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and is kept at "high" since the first word line 101 and the gate electrode of the transistor
617 are not connected in the second memory cell 607.
[0129]

That is, in the first word signal period 209, the potential 203 of the first bit line
and the potential 204 of the second bit line become "low" and "high", respectively.
[0130]

At this time, the potential 203 of the first bit line and the potential 204 of the
second bit line are input to the first buffer 124 and the second buffer 125, respectively.
The potentials of the input signals ("low" and "high") are not changed in the first buffer
124 and the second buffer 125, and are output to the first memory output line 126 and
the second memory output line 127, respectively.

[0131]

Accordingly, the signal "low" is output via the first memory output line 126,
and the signal "high" is output via the second memory output line 127. That is, the
data "low" and "high" can be read out from the first memory cell 606 and the second
memory cell 607, respectively.

[0132]

In the first data holding period 210, the off-state current of the 'transistor
connected to the bit line is low; thus, the potential 203 of the first bit line and the
potential 204 of the second bit line are kept. Accordingly, the potential of the first
memory output line 126 is kept at "low", and the potential of the second memory output
line 127 is kept at "high".

[0133]

Next, when a potential 205 of the pre-charge line is set at "high" in the second
pre-charge signal period 211, the potentials of the gate electrodes of the first
pre-charging transistor 118 and the second pre-charging transistor 119 become "high".
[0134]

A potential is supplied to the first bit line 103 from the power supply line 130,
which is connected to the drain electrode of the first pre-charging transistor 118, via the
first pre-charging transistor 118. A potential is also supplied to the second bit line 104
from the power supply line 130, which is connected to the drain electrode of the second

pre-charging transistor 119, via the second pre-charging transistor 119.
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[0135]

As a result, the potential 203 of the first bit line becomes "high" and the
potential 204 of the second bit line is kept at "high". At this time, the off-state current
of the transistor connected to the bit line is extremely low; thus, the potential of the bit
line is hardly changed and is kept.

[0136]

Next, in the second word signal period 212, the potential 205 of the pre-charge
line is set at "low" and the potential 202 of the second word line is set at "high".
[0137]

The potential 203 of the first bit line and the potential 204 of the second bit line
are not changed and kept at "high", since no memory cell is electrically connected to the
second word line 102.

[0138]

After that, the potential 203 of the first bit line is output as a signal "high" to
the first memory output line 126 via the first buffer 124. The potential 204 of the
second bit line is output as a signal "high" to the second memory output line 127 via the
second buffer 125. That is, the data "high" and "high" can be read out from the first
memory cell 608 and the second memory cell 609, respectively.

[0139]

In the second data holding period 213, the off-state current of a transistor
connected to each bit line is low; thus, the potential 203 of the first bit line and the
potential 204 of the second bit line are kept. Accordingly, the potential 206 of the first
memory output line and the potential 207 of the second memory output line are kept at
"high".

{0140]

As described above, the data "low", "high", "high", and "high" is acquired from
the first to fourth memory cells 606 to 609, respectively.
[0141]

In this embodiment, extra power consumption in reading out data can be
reduced since the word line and the gate electrode of the memory cell storing the data
"high" are not connected to each other.

[0142]
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In particular, in the case of the second word line 102 which is not connected to
a semiconductor element, electric power is not consumed in the word line.
Accordingly, the electric power necessary for driving the word line can be reduced.
[0143]

FIG 6 illustrates a configuration in which open cells are used for the cells
storing "high" when the data "high" is the major data in the data. In the case where
"low" is the major data, the open cells may be used as the memory cells storing "low".
The configurations of the components other than the memory cells are the same as those
illustrated in FIG. 4; thus, a memory circuit can be configured to reduce the power
consumption in the case where "low" is the major data in the stored data.

[0144]

According to this embodiment, the electric power consumed in row decoders
connected to word lines can be reduced in a memory circuit. Further, this embodiment
is suitable particularly for manufacturing a plurality of memory circuits having different
data arrays since data stored in each memory cell can be changed only by changing
exposure masks of a photoresist for forming a word line.

[0145]

The configuration described above can provide a semiconductor device
equipped with a memory circuit with reduced power consumption.
[0146]

Note that this embodiment can be combined with any of the other embodiments
and examples as appropriate.
[0147]

(Embodiment 4)

In this embodiment, a memory circuit including a memory cell capable of
rewriting data and a memory cell incapable of rewriting data will be described.
[0148]

FIG. 7 is a circuit diagram illustrating a configuration example of a memory
circuit of this embodiment. The same components in FIG. 1 and FIG. 7 are given the
same reference numerals. In the memory circuit illustrated in FIG. 7, a semiconductor
element formed in a memory cell is 2 memory transistor. The memory transistor is, for

example, a transistor including a control gate electrode and a floating gate electrode as a
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gate electrode; or a transistor including a gate insulating film capable of trapping
charges. A
[0149]

The memory circuit of this embodiment includes a data non-rewritable region
and a data rewritable region. Hence, the memory circuit of this embodiment can be
used as the main memory 152 including the ROM 154 and the RAM 155 in FIG. 3.
[0150]

Programming data required by a CPU is stored in advance in the
non-rewritable region as non-rewritable data, whereas data which is output from the
CPU when the CPU executes arithmetic operation is stored in the rewritable region.
The memory circuit of this embodiment can execute the two operations in one memory
circuit.

[0151]

In the memory circuit illustrated in FIG 7, all the memory cells formed
corresponding to the first word line 101 store fixed non-rewritable data.
[0152]

In this embodiment, an example is described in which a first memory cell 706
and a second memory cell 707 are vacant cells. The vacant cell indicates a cell which
does not include a semiconductor element (in this embodiment, a memory element).
In the memory circuit illustrated in FIG. 7, an example is shown in which data "high" is
stored in vacant cells.

[0153]

On the other hand, all the memory cells formed corresponding to the second
word line 102 are grounded cells including memory transistors.
[0154] ‘

In a third memory cell 708, a memory transistor 718 is formed; a gate electrode
thereof is connected to the second word line 102; a drain electrode thereof is connected
to the first bit line 103; and a source electrode thereof is connected to the reference
potential line.

[0155]
In a fourth memory cell 709, a memory transistor 719 is formed; a gate

electrode thereof is connected to the second word line 102; a drain electrode thereof is
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connected to the second bit line 104; and a source electrode thereof is connected to the
reference potential line.
[0156]

In the case where the memory transistors 718 and 719 include control gate
electrodes and floating gate electrodes as gate electrodes, the control gate electrodes are
connected to the second word line 102.

[0157]

Next, data writing operation of the memory circuit illustrated in FIG. 7 will be
described.
[0158]

Data is written to each memory cell on a row basis (on a word line basis).
Here, an example is shown in which a transistor including a control gate electrode and a
floating gate electrode is used as the memory transistors 718 and 719, and data is
written using electrons which are hot carriers. In addition, operation of writing data
"high" and "low" to the third memory cell 708 and the fourth memory cell 709,
respectively, will be described.

[0159]

Data writing operation is not executed via the first word line 101 since it is not
necessary for the memory cells formed corresponding to the first word line 101.

[0160]

First, a high potential (a potential higher than the ground potential) is applied to
the second word line 102.

[0161]

Then, a high potential (a potential for turning on a memory transistor) is
applied to the first bit line 103. At this time, in the third memory cell 708, current
flows into a channel of the memory transistor 718; high-energy electrons (hot carriers)
are generated around the drain electrode; and charges are accumulated in the floating
gate. The charges of the floating gate electrode make the threshold voltage of the
memory transistor 718 shift in the positive direction, and the data "high" is stored.
[0162]

In the fourth memory cell 709, on the other hand, the second bit line 104 is set

at the ground potential, hot carriers are not generated around the drain electrode of the
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memory transistor 719, and charges are not accumulated in the floating gate electrode.
Accordingly, the threshold voltage of the memory transistor 719 does not change and
the data "low" is stored.

[0163]

As described above, the memory transistor stores the data "high" or "low"
depending on a potential state of the floating gate electrode.
[0164]

The data written in the memory transistors is erased by opening a drain
electrode, connecting a control gate electrode to the ground, and applying a high voltage
to a source electrode. Electrons in the floating gate electrode get a high-energy state
by the application of the high voltage to the source electrode, and the electrons can be
extracted from the floating gate electrode by tunnel effect. Note that the data stored in
all the memory cells including the memory elements is erased since a high voltage is
applied to the source electrodes of all the memory cells.

[0165]

Next, data reading operation will be described.
[0166]

First, the potential of the pre-charge line 105 is set at "high", and then the
potentials of the gate electrodes of the first pre-charging transistor 118 and the second
pre-charging transistor 119 become "high".

[0167]

Then, a potential is supplied to the first bit line 103 from the power supply line
130 via the first pre-charging transistor 118. A potential is supplied to the second bit
line 104 from the power supply line 130 via the second pre-charging transistor 119.
[0168]

As a result, the potential of the first bit line 103 becomes "high", and the
potential of the second bit line 104 also becomes "high".

{0169]

Next, the potential of the pre-charge line 105 is set at "low", and the potential
of the second word line 102 is set at "high". Thus, in the third memory cell 708,
"high" is applied to the control gate electrode of the memory transistor 718.

[0170]
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At this time, current hardly flows in the memory transistor 718 whose threshold
voltage shifts in the positive direction. Thus, the potential of the first bit line 103 is
not changed and is kept at "high".

[0171]

In the fourth memory cell 709, on the other hand, "high" is also applied to a
control gate electrode of the memory transistor 719.

[0172]

At this time, current flows in the memory transistor 719 whose threshold
voltage does not change. Thus, the potential of the second bit line 104 decreases and
becomes "low".

[0173]

As described above, the data "high" stored in the third memory cell 708 and
"low" stored in the fourth memory cell 709 can be read out.

[0174]

The first memory cell 706 and the second memory cell 707 are vacant cells;
thus, the potentials of the first bit line 103 and the second bit line 104 do not change
even when the potential of the first word line 101 is set at "high". Therefore, the data
"high" can be read out from each of the first memory cell 706 and the second memory
cell 707.

[0175]

In this manner, the data "high", "high", "high", and "low" can be acquired from
the first to fourth memory cells 706 to 709, respectively. That is, the data "high" can
be read out from the vacant cells, and the data "high" and "low" can be read out from
the memory cells including memory transistors.

[0176]

In the configuration example of the memory circuit illustrated in FIG. 7, a NOP
command described in "high" can be stored by employing vacant cells for all the
memory cells formed corresponding to the first word line 101.

[0177]

In the configuration example of the memory circuit illustrated in FIG. 7, "high" -

is stored in vacant cells; however, data "low" can be stored in the vacant cells by

configuring the components other than the first to fourth memory cells 706 to 709 as in
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the memory circuit illustrated in FIG. 4.
[0178]

In that case, the first inverter 144 and the second inverter 145 are connected to
the input sides of the first memory output line 126 and the second memory output line
127, respectively. Therefore, the configuration example in FIG. 7 is the same as that
described above, the data "low", "low", "low", and "high" can be read out from the first
to fourth memory cells 706 to 709, respectively.

[0179]

In the configuration example illustrated in FIG. 7, the fixed data is stored in the
memory cells formed corresponding to one word line. However, the fixed data can be
stored in memory cells formed corresponding to a plurality of word lines.

[0180]

In the configuration example illustrated in FIG. 7, the memory cells storing the
fixed data (the non-rewritable data) are composed of vacant cells only. However, data
composed of both "high" and "low" can be stored as non-rewritable fixed data when
grounded cells including a transistor like the first memory cell 106 illustrated in FIG. 1
and FIG. 4 are used in addition to the vacant cells.

[0181]

According to this embodiment, the power consumption of the whole
semiconductor device including the memory circuit and the CPU can be reduced
effectively. Further, heat generation of the semiconductor device can be suppressed
owing to the reduction in power consumption.

[0182]

Note that this embodiment can be combined with any of the other embodiments
and examples as appropriate.
[0183]

(Embodiment 5)

In this embodiment, a configuration example of a semiconductor device
including a memory circuit and a dedicated circuit will be described.

[0184]
FIG. 8A is a block diagram illustrating a configuration example of a

semiconductor device including a memory circuit and a dedicated circuit. The
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semiconductor device illustrated in FIG. 8A includes a main memory 801, a dedicated
circuit 802, an input/output interface 803, an address bus 804, a data bus 805, and a
controller bus 806.

[0185]

The main memory 801 and the dedicated circuit 802 are connected to each
other via the address bus 804. Further, the main memory 801, the dedicated circuit
802, and the input/output interface 803 are connected to each other via the data bus 805
and the controller bus 806.

[0186]

The dedicated circuit 802 is, for example, an image processing circuit or a code
processing circuit. Since arithmetic operation is executed in the dedicated circuit 802
with the use of data stored in the main memory 801, data required is stored in the main
memory 801.

[0187]

The power consumption of the whole semiconductor device can be reduced and
heat generation can be suppressed by applying any of the memory circuits described in
Embodiments 1 to 4 to the main memory 80‘1. Any of the memory circuits described
in Embodiments 1 to 3 is applied to a non-rewritable memory circuit which is incapable
of rewriting data of the main memory 801. A main memory including a data
non-rewritable region and a data rewritable region can be formed by applying the
memory circuit described in Embodiment 4.

[0188]

Next, a configuration example of a semiconductor device including a CPU, a
dedicated circuit, and a memory circuit will be described with reference to a block
diagram of FIG. 8B. |
[0189]

The semiconductor device illustrated in FIG. 8B includes an arithmetic circuit
810, a main memory 813, an input/output interface 816, an address bus 817, a data bus
818, and a controller bus 819. The arithmetic circuit 810 includes a CPU 811 and a -
dedicated circuit 812, and the main memory 813 includes a ROM 814 and a RAM 815.
[0190]

The ROM 814 functions as a programming memory which stores a program
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executed by the CPU 811, and also stores data required for operating the dedicated
circuit 812. The RAM 815 functions as a memory used for executing a program by the
CPU 811.

[0191]

The arithmetic circuit 810 and the main memory 813 are connected to each
other via the address bus 817. Further, the CPU 811, the main memory 813, and the
input/output interface 816 are connected to each other via the data bus 818 and the
controller bus 819.

[0192]

The CPU 811 controls operation of an apparatus. Data required for the CPU
811 to execute a program is stored in the ROM 814 included in the main memory 813.
[0193]

The ROM 814 is a memory circuit only for reading out data. Data stored in
the ROM 814 is fixed in a manufacturing stage.

[0194]

Process operation of the CPU 811 and data reading from the main memory 813
are performed repeatedly since programming data necessary for the CPU 811 to execute
a command or a process is stored in the ROM 814. The ROM 814 consumes e¢lectric
power in reading out data necessary for operating the CPU 811.

[0195]

The RAM 815 is a memory circuit which is capable of writing or rewriting data.
The RAM 815 is used mainly for storing a processing result of the CPU 811.

[0196]

On the other hand, the dedicated circuit 812 is a circuit for executing fixed
operation, and operates processing in response to a predetermined command only.
Programming data necessary for the dedicated circuit 812 to execute processing is
stored in the ROM 814, and the dedicated circuit 812 can execute the processing by
reading out the programming data from the ROM 814. Input of a signal from an
external device and output of a signal to an external device are executed via the
input/output interface 816.

[0197]

The address bus 817 is a wiring (route) for transmitting commands or data
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necessary for the CPU 811 to the main memory 813. The data bus 818 is a wiring
(route) for reading and writing from/to the main memory 813 and for acquiring and
providing data from/for external devices via the input/output interface 816. The
controller bus 819 is a wiring (route) for providing controlling information to the main
memory 813 and the input/output interface 816.

[0198]

Any of the memory circuits described in Embodiments 1 to 3 can be applied to
the ROM 814. The memory circuit described in Embodiment 4 can be applied to the
main memory 813 including the ROM 814 and the RAM 815.

[0199] '

Note that this embodiment can be combined with any of the other embodiments
and examples as appropriate.
[0200]

(Embodiment 6)

In this embodiment, an example of a transistor including an oxide
semiconductor will be described.
[0201]

There is no particular limitation on the structure of the transistor including an
oxide semiconductor which is disclosed in this specification; for example, a staggered
type or a planar type having a top-gate structure or a bottom-gate structure can be
employed. The transistor may have a single-gate structure in which one channel
formation region is formed, a double-gate structure in which two channel formation
regions are formed, or a triple-gate structure in which three channel formation regions
are formed.

[0202]

FIGS. 10A to 10D each illustrate an example of a cross-sectional structure of a
transistor.
[0203]

Transistors illustrated in FIGS. 10A to 10D each include an oxide
semiconductor. An advantage of using an oxide semiconductor is that high mobility
and extremely low off-state current can be obtained; however, needless to say, another

semiconductor can be used.
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[0204]

A transistor 3410 illustrated in FIG. 10A is one of bottom-gate transistors and is
also called an inverted staggered transistor.
[0205]

The transistor 3410 includes, over a substrate 2400 having an insulating surface,
a gate electrode layer 2401, a gate insulating layer 2402, an oxide semiconductor layer
2403, a source electrode layer 2405a, and a drain electrode layer 2405b. In addition,
an insulating layer 2407 and a protective insulating layer 2409 are formed so as to cover
these components.

[0206]

A transistor 3420 illustrated in FIG. 10B is one of bottom-gate transistors called
channel protective transistors and is also referred to as an inverted staggered transistor.
[0207]

The transistor 3420 includes, over the substrate 2400 having an insulating
surface, the gate electrode layer 2401, the gate insulating layer 2402, the oxide
semiconductor layer 2403, an insulating layer 2427 functioning as a channel protective
layer which covers a channel formation region of the oxide semiconductor layer 2403,
the source electrode layer 2405a, and the drain electrode layer 2405b. In addition, the
protective insulating layer 2409 is formed so as to cover these components.

[0208]

A transistor 3430 illustrated in FIG. 10C is a bottom-gate transistor, and
includes, over the substrate 2400 having an insulating surface, the gate electrode layer
2401, the gate insulating layer 2402, the source electrode layer 2405a, the drain
electrode layer 2405b, and the oxide semiconductor layer 2403. The insulating layer
2407 and the protective insulating layer 2409 are formed so as to cover these
components.

[0209]

In the transistor 3430, the gate insulating layer 2402 is provided on and in
contact with the substrate 2400 and the gate electrode layer 2401, and the source
electrode layer 2405a and the drain electrode layer 2405b are provided on and in contact
with the gate insulating layer 2402. Further, the oxide semiconductor layer 2403 is

provided over the gate insulating layer 2402, the source electrode layer 2405a, and the
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drain electrode layer 2405b.
[0210]

A transistor 3440 illustrated in FIG. 10D is one of top-gate transistors. The
transistor 3440 includes, over the substrate 2400 having an insulating surface, an
insulating layer 2437, the oxide semiconductor layer 2403, the source electrode layer
2405a, the drain electrode layer 2405b, the gate insulating layer 2402, and the gate
electrode layer 2401. A wiring layer 2436a and a wiring layer 2436b are provided to
be in contact with and electrically connected to the source electrode layer 2405a and the
drain electrode layer 2405b, respectively.

[0211]

In this embodiment, the oxide semiconductor layer 2403 is used as a
semiconductor layer included in a transistor as described above. As an oxide
semiconductor material used for the oxide semiconductor layer 2403, any of the
following metal oxides can be used, for example: a four-component metal oxide such as
an In-Sn-Ga-Zn-O-based metal oxide; three-component metal oxides such as an
In-Ga-Zn-O-based metal oxide, an In-Sn-Zn-O-based metal oxide, an In-Al-Zn-0O-based
metal oxide, a Sn-Ga-Zn-0O-based metal oxide, an Al-Ga-Zn-O-based metal oxide, and a
Sn-Al-Zn-O-based metal oxide; two-component metal oxides such as an In-Zn-O-based
metal oxide, a Sn-Zn-O-based metal oxide, an Al-Zn-O-based metal oxide, a
Zn-Mg-O-based metal oxide, a Sn-Mg-O-based metal oxide, and an In-Mg-O-based
metal oxide; an In-O-based metal oxide; a Sn-O-based metal oxide; and a Zn-O-based
metal oxide. Further, Si may be contained in the oxide semiconductor. Here, for
example, an In-Ga-Zn-O-based oxide semiconductor is an oxide containing at least In,
Ga, and Zn, and there is no particular limitation on the composition ratio thereof.
Further, the In-Ga-Zn-O-based oxide semiconductor may contain an element other than
In, Ga, and Zn.

[0212]

For the oxide semiconductor layer 2403, a thin film represented by the
chemical formula, InMO3(ZnO),, (m > 0) can be used. Here, M represents one or more
metal elements selected from Ga, Al, Mn, and Co. For example, M can be Ga, Ga and
Al, Ga and Mn, Ga and Co, or the like.

[0213]
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In the transistors 3410, 3420, 3430, and 3440 each including the oxide
semiconductor layer 2403, the current value in an off state (off-state current value) can
be small. Therefore, in the case where the transistor is connected to a charge
accumulation node, leakage of charges can be prevented as much as possible.

[0214]

In addition, each of the transistors 3410, 3420, 3430, and 3440 which include
the oxide semiconductor layer 2403 can operate at high speed because they can achieve
field-effect mobility that is relatively higher. Therefore, in a display device or an
imaging device, for example, a driver circuit portion for driving pixels and a pixel
portion can be formed over one substrate, so that the number of components can be
reduced.

[0215]

As the substrate 2400 having an insulating surface, a glass substrate formed of
barium borosilicate glass, aluminoborosilicate glass, or the like can be used.
[0216]

In the bottom-gate transistors 3410, 3420, and 3430, an insulating film serving
as a base film may be provided between the substrate and the gate electrode layer. The
base film has a function of preventing diffusion of an impurity element from the
substrate, and can be formed to have a single-layer structure or a stacked-layer structure
using one or more films selected from a silicon nitride film, a silicon oxide film, a
silicon nitride oxide film, and a silicon oxynitride film.

[0217]

The gate electrode layer 2401 can be formed using a metal material such as Mo,
Ti, Cr, Ta, W, Al, Cu, Nd, or Sc, or an alloy material which contains any of these
materials as its main component. The structure of the gate electrode layer 2401 is not
limited to a single-layer structure and may be a stacked-layer structure of different
films.

[0218]

The gate insulating layer 2402 can be formed using a silicon oxide layer, a
silicon nitride layer, a silicon oxynitride layer, a silicon nitride oxide layer, an aluminum
oxide layer, an aluminum nitride layer, an aluminum oxynitride layer, an aluminum

nitride oxide layer, or a hafnium oxide layer, by a plasma CVD method, a sputtering
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method, or the like. The structure of the gate insulating layer 2402 is not limited to a
single-layer structure and may be a stacked-layer structure of different films. For
example, by a plasma CVD method, a silicon nitride layer (SiN,, (y >0)) with a thickness
greater than or equal to 50 nm and less than or equal to 195 nm is formed as a first gate
insulating layer, and a silicon oxide layer (SiO, (x >0)) with a thickness greater than or
equal to 5 nm and less than or equal to 150 nm is formed as a second gate insulating
layer over the first gate insulating layer, so that a gate insulating layer with a total
thickness of 200 nm is formed.

[0219]

As the conductive film used for the source electrode layer 2405a and the drain
electrode layer 2405b, for example, a film including an element selected from Al, Cr,
Cu, Ta, Ti, Mo, and W, a film including an alloy containing any of these elements, or the
like can be used. Alternatively, a structure may be employed in which a
high-melting-point metal layer of Ti, Mo, W, or the like is stacked over and/or below a
metal layer of Al, Cu, or the like. When an Al material to which an element (Si, Nd,
Sc, or the like) preventing generation of a hillock, a whisker, or the like in an Al film is
added is used, heat resistance can be increased.

[0220]

A material similar to that of the source electrode layer 2405a and the drain
electrode layer 2405b can be used for a conductive film such as the wiring layer 2436a
and the wiring layer 2436b which are connected to the source electrode layer 2405a and
the drain electrode layer 2405b, respectively.

[0221]

Alternatively, the conductive film to be the source electrode layer 2405a and
the drain electrode layer 2405b (including a wiring layer formed using the same layer as
the source and drain electrode layers) may be formed using a conductive metal oxide.
Examples of the conductive metal oxide are indium oxide (In,O3), tin oxide (SnO,),
zinc oxide (ZnO), an alloy of indium oxide and tin oxide (In,O3-SnO;, abbreviated to
ITO), an alloy of indium oxide and zinc oxide (In»O3;-ZnO), and such a metal oxide
material containing silicon oxide.

[0222]
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As the insulating layers 2407, 2427, and 2437, an inorganic insulating film
typified by a silicon oxide film, a silicon oxynitride film, an aluminum oxide film, or an
aluminum oxynitride film can be used.

[0223]

As the protective insulating layer 2409, an inorganic insulating film such as a
silicon nitride film, an aluminum nitride film, a silicon nitride oxide film, or an
aluminum nitride oxide film can be used.

[0224] |

A planarization insulating film may be formed over the protective insulating
layer 2409 in order to reduce surface unevenness caused by the structure of the
transistor. As the planarization insulating film, an organic material such as polyimide,
acrylic, or benzocyclobutene can be used. As an alternative to such organic materials,
it is possible to use a low-dielectric constant material (a low-k material) or the like.
Note that the planarization insulating film may be formed by stacking a plurality of
insulating films formed using these materials.

[0225]

As described above, a high-performance semiconductor device can be provided
with use of the transistor including an oxide semiconductor layer described in this
embodiment.

[0226]

Note that this embodiment can be combined with any of the other embodiments
and examples as appropriate. |
[0227]

(Embodiment 7)

In this embodiment, an example of a method for manufacturing a transistor
including an oxide semiconductor layer will be described in detail with reference to
drawings.

[0228]

FIGS. 11A to 11E are cross-sectional views illustrating an example of a
manufacturing process of a transistor 2510. The transistor 2510 is an inverted
staggered transistor having a bottom-gate structure, which is similar to the transistor

3410 illustrated in FIG. 10A.
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[0229]

An oxide semiconductor used for a semiconductor layer in this embodiment is
an i-type (intrinsic) oxide semiconductor or a substantially i-type (intrinsic) oxide
semiconductor. The i-type (intrinsic) oxide semiconductor or substantially i-type
(intrinsic) oxide semiconductor is obtained in such a manner that the oxide
semiconductor is highly purified by removing hydrogen serving as a donor from the
oxide semiconductor as much as possible so that impurities that are not main
components of the oxide semiconductor are contained as little as possible. In other
words, the oxide semiconductor used for a semiconductor layer in this embodiment is
made to be an i-type (intrinsic) semiconductor or made to be close thereto not by
addition of an impurity but by being highly purified by removal of an impurity such as
hydrogen or water as much as possible. Accordingly, the oxide semiconductor layer
included in the transistor 2510 is an oxide semiconductor layer which is highly purified
and made to be electrically i-type (intrinsic).

[0230]

In addition, the number of carries in the highly-purified oxide semiconductor is
extremely small (close to zero), and the carrier concentration is lower than 1 x 10** /cm’,
preferably lower than 1 x 10*? /cm®, further preferably lower than 1 x 10" fem?,

[0231]

Since the oxide semiconductor includes extremely few carriers, off-state
current can be reduced in the transistor. It is preferable that off-state current be as low
as possible.

[0232]

Specifically, in the transistor including the oxide semiconductor layer, the

off-state current density per micrometer in channel width at room temperature can be

less than or equal to 10 aA/um (1 x 107" A/um), further less than or equal to 1 aA/um

(1 x 1078 A/um), or still further less than or equal to 10 zA/um (1 x 1072° A/um).

[0233]
In addition, in the transistor 2510 including the oxide semiconductor layer, the
temperature dependence of on-state current is hardly observed, and change in off-state

current is extremely small.
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[0234]

A process of manufacturing the transistor 2510 over the substrate 2505 is
described below with reference to FIGS. 11A to 11E.
[0235]

First, a conductive film is formed over the substrate 2505 having an insulating
surface, and then, a gate electrode layer 2511 is formed through a first photolithography
step and an etching step. Note that a resist mask may be formed by an inkjet method.
Formation of the resist mask by an inkjet method needs no photomask; thus,
manufacturing cost can be reduced.

[0236]

As the substrate 2505 having an insulating surface, a substrate similar to the
substrate 2400 described in Embodiment 6 can be used. In this embodiment, a glass
substrate is used as the substrate 2505.

[0237]

An insulating film serving as a base film may be provided between the
substrate 2505 and the gate electrode layer 2511. The base film has a function of
preventing diffusion of an impurity element from the substrate 2505, and can be formed
to have a single-layer structure or a stacked-layer structure using one or more of a
silicon nitride film, a silicon oxide film, a silicon nitride oxide film, and a silicon
oxynitride film.

[0238]

The gate electrode layer 2511 can be formed using a metal material such as Mo,
Ti, Cr, Ta, W, Al, Cu, Nd, or Sc, or an alloy material which contains any of these
materials as its main component. The structure of the gate electrode layer 2511 is not
limited to a single-layer structure and may be a stacked-layer structure of different
films.
[0239]

Next, a gate insulating layer 2507 is formed over the gate electrode layer 2511.
The gate insulating layer 2507 can be formed using a silicon oxide layer, a silicon
nitride layer, a silicon oxynitride layer, a silicon nitride oxide layer, an aluminum oxide
layer, an aluminum nitride layer, an aluminum oxynitride layer, an aluminum nitride

oxide layer, or a hafnium oxide layer by a plasma CVD method, a sputtering method, or
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the like. The structure of the gate insulating layer 2507 is not limited to a single-layer
structure and may be a stacked-layer structure of different films.
[0240]

As the oxide semiconductor in this embodiment, an oxide semiconductor which
is made to be an i-type semiconductor or a substantially i-type semiconductor by
removal of an impurity is used. Such a highly-purified oxide semiconductor is highly
sensitive to an interface state or interface charge; thus, an interface between the oxide
semiconductor layer and the gate insulating layer is important. For that reason, the
gate insulating layer that is to be in contact with a highly-purified oxide semiconductor
needs to have high quality.

[0241]

For example, high-density plasma CVD using microwaves (e.g., a frequency of
2.45 GHz) is preferable because a dense high-quality insulating layer having high
withstand voltage can be formed. The highly-purified oxide semiconductor and the
high-quality gate insulating layer are in close contact with each other, whereby the
interface state can be reduced and favorable interface characteristics can be obtained.
[0242]

Needless to say, another film formation method such as a sputtering method or
a plasma CVD method can be employed as long as the method enables formation of a
high-quality insulating layer as a gate insulating layer. Further, an insulating layer
whose film quality and characteristic of the interface between the insulating layer and
an oxide semiconductor are improved by heat treatment performed after formation of
the insulating layer may be formed as the gate insulating layer. In any case, any
insulating layer may be used as long as the insulating layer can reduce the interface state
density of the interface between the insulating layer and an oxide semiconductor and
form a favorable interface as well as having favorable film quality as a gate insulating
layer. Here, an example of using a sputtering method will be described.

[0243]

In order that hydrogen, a hydroxyl group, and moisture might be contained in
the gate insulating layer 2507 and an oxide semiconductor film 2530 as little as possible,
it is preferable that the substrate 2505 over which the gate electrode layer 2511 is

formed or the substrate 2505 over which layers up to the gate insulating layer 2507 are
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formed be preheated in a preheating chamber of a sputtering apparatus as pretreatment
for deposition of the oxide semiconductor film 2530 so that impurities such as hydrogen
and moisture adsorbed to the substrate 2505 are eliminated and evacuated. As an
evacuation unit provided for the preheating chamber, a cryopump is preferable. Note
that this preheating treatment can be omitted. This preheating treatment may be
similarly performed on the substrate 2505 over which layers up to a source electrode
layer 2515a and a drain electrode layer 2515b are formed before formation of an
insulating layer 2516.

[0244]

Next, the oxide semiconductor film 2530 having a thickness greater than or
equal to 2 nm and less than or equal to 200 nm, preferably greater than or equal to 5 nm
and less than or equal to 30 nm is formed over the gate insulating layer 2507 (see FIG
11A).

[0245]

Note that before the oxide semiconductor film 2530 is formed by a sputtering
method, powder substances (also referred to as particles or dust) attached on a surface
of the gate insulating layer 2507 are preferably removed by reverse sputtering in which
an argon gas is introduced and plasma is generated. The reverse sputtering refers to a
method in which voltage is not applied to a target side and voltage is applied to a
substrate side with the use of an RF power source under an argon atmosphere and
ionized argon collides with the substrate so that a substrate surface is modified. Note
that instead of an argon atmosphere, a nitrogen atmosphere, a helium atmosphere, an
oxygen atmosphere, or the like may be used.

[0246]

As an oxide semiconductor used for the oxide semiconductor film 2530, an
oxide semiconductor described in Embodiment 6, such as a four-component metal oxide,
a three-component metal oxide, a two-component metal oxide, an In-O-based metal
oxide, a Sn-O-based metal oxide, or a Zn-O-based metal oxide can be used. Further,
Si may be contained in the above oxide semiconductor. In this embodiment, the oxide
semiconductor film 2530 is formed by a sputtering method with the use of an
In-Ga-Zn-O-based metal oxide target. A cross-sectional view at this stage corresponds

to FIG. 11A. Alternatively, the oxide semiconductor film 2530 can be formed by a
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sputtering method under a rare gas (typically, argon) atmosphere, an oxygen atmosphere,
or a mixed atmosphere containing a rare gas and oxygen.
[0247]

As a target for forming the oxide semiconductor film 2530 by a sputtering
method, for example, a metal oxide having a composition ratio of In»O;: Ga;0;: ZnO =
1:1:1 [molar ratio] can be used. Alternatively, a metal oxide having a composition
ratio of Iny03: Ga;0s3: ZnO = 1:1:2 [molar ratio] may be used. The filling rate of the
target is higher than or equal to 90 % and lower than or equal to 100 %, preferably,
higher than or equal to 95 % and lower than or equal to 99.9 %. With the use of the
metal oxide target with high filling rate, the deposited oxide semiconductor film has
high density.

[0248]

It is preferable that a high-purity gas from which an impurity such as hydrogen,
water, a hydroxyl group, or hydride is removed be used as the sputtering gas for the
deposition of the oxide semiconductor film 2530.

[0249]

The substrate is held in a deposition chamber under reduced pressure, and the
substrate temperature is set to higher than or equal to 100 °C and lower than or equal to
600 °C, preferably higher than or equal to 200 °C and lower than or equal to 400 °C.
Deposition is performed while the substrate is heated, whereby the impurity
concentration in the oxide semiconductor film formed can be reduced. Moreover,
damage to the oxide semiconductor film due to sputtering is reduced. The oxide
semiconductor film 2530 is formed over the substrate 2505 in such a manner that
residual moisture in the deposition chamber is removed, a sputtering gas from which
hydrogen and moisture have been removed is introduced into the deposition chamber,
and the above-described target is used. In order to remove moisture remaining in the
deposition chamber, an entrapment vacuum pump, for example, a cryopump, an ion
pump, or a titanium sublimation pump is preferably used. Further, an evacuation unit
may be a turbo molecular pump provided with a cold trap. In the deposition chamber
which is evacuated with the cryopump, a hydrogen atom, a compound containing a

hydrogen atom such as water (H,O), (more preferably, also a compound containing a
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carbon atom), and the like are removed, whereby the impurity concentration in the
oxide semiconductor film formed in the deposition chamber can be reduced.
[0250]

As one example of the deposition condition, the distance between the substrate
and the target is 100 mm, the pressure is 0.6 Pa, the direct-current (DC) power source is
0.5 kW, and the atmosphere is an oxygen atmosphere (the proportion of the oxygen flow
rate is 100 %). Note that a pulse direct-current power source is preferable because
powder substances (also referred to as particles or dust) generated in deposition can be
reduced and the film thickness can be uniform.

[0251]

Then, the oxide semiconductor film 2530 is processed into an island-shaped
oxide semiconductor layer by a second photolithography step and an etching step. A
resist mask for forming the island-shaped oxide semiconductor layer may be formed by
an inkjet method. Formation of the resist mask by an inkjet method needs no
photomask; thus, manufacturing cost can be reduced. |
[0252]

In the case where a contact hole is formed in the gate insulating layer 2507, a
step of forming the contact hole can be performed at the same time as processing of the
oxide semiconductor film 2530.

[0253]

Note that when the oxide semiconductor film 2530 is etched, dry etching, wet
etching, or both dry etching and wet etching may be employed. As an etchant used for
wet etching of the oxide semiconductor film 2530, for example, a mixed solution of
phosphoric acid, acetic acid, and nitric acid such as ITO-07N (produced by KANTO
CHEMICAL CO., INC.), or the like can be used.

[0254]

Next, the oxide semiconductor layer is subjected to first heat treatment. The
oxide semiconductor layer can be dehydrated or dehydrogenated by this first heat
treatment. The first heat treatment is performed at a temperature higher than or equal
to 400 °C and lower than or equal to 750 °C, or higher than or equal to 400 °C and

lower than the strain point of the substrate under a nitrogen atmosphere or an
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atmosphere of a rare gas such as helium, neon, or argon. Here, the substrate is
introduced into an electric furnace which is one of heat treatment apparatuses, and heat
treatment is performed on the oxide semiconductor layer at 450 °C for one hour under a
nitrogen atmosphere; thus, an oxide semiconductor layer 2531 which is dehydrated or
dehydrogenated is obtained (see FIG. 11B).

[0255]

Note that the heat treatment apparatus is not limited to an electrical furnace,
and may be provided with a device for heating an object to be processed by heat
conduction or heat radiation from a heating element such as a resistance heating element.
For example, a rapid thermal annealing (RTA) apparatus such as a gas rapid thermal
annealing (GRTA) apparatus or a lamp rapid thermal annealing (LRTA) apparatus can
be used. An LRTA apparatus is an apparatus for heating an object to be processed by
radiation of light (an electromagnetic wave) emitted from a lamp such as a halogen
lamp, a metal halide lamp, a xenon arc lamp, a carbon arc lamp, a high pressure sodium
lamp, or a high pressure mercury lamp. A GRTA apparatus is an apparatus for heat
treatment using a high-temperature gas. As the high temperature gas, an inert gas
which does not react with an object to be processed by heat treatment, such as nitrogen
or a rare gas like argon, is used.

[0256]

For example, as the first heat treatment, GRTA by which the substrate is moved
into an inert gas heated to a temperature higher than or equal to 650 °C and lower than
or equal to 700 °C, heated for several minutes, and moved out of the inert gas heated to
the high temperature may be performed.

[0257]

Note that in the first heat treatment, it is preferable that water, hydrogen, and
the like be not contained in the inert gas which is introduced into the heat treatment
apparatus. It is preferable that the purity of the inert gas be 6N (99.9999 %) or higher,
preferably 7N (99.99999 %) or higher (that is, the impurity concentration is 1 ppm or
lower, preferably 0.1 ppm or lower).

[0258]

Further, after the oxide semiconductor layer is heated through the first heat
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treatment, a high-purity oxygen gas, a high-purity N>O gas, or an ultra-dry air (the dew
point is lower than or equal to —40 °C, preferably lower than or equal to —60 °C) may be
introduced into the same furnace. The purity of an oxygen gas or an N,O gas which is
introduced into the heat treatment apparatus is preferably 6N or higher, further
preferably 7N or higher (that is, the impurity concentration in the oxygen gas or the
N,O gas is 1 ppm or lower, preferably 0.1 ppm or lower). It is preferable that water,
hydrogen, and the like be not contained in these gases in particular. By the action of
the oxygen gas or the N>O gas, oxygen which is a main component of the oxide
semiconductor and which has been eliminated through the step for removing impurities
by dehydration or dehydrogenation can be supplied. Through this step, the oxide
semiconductor layer can be highly purified and made to be an electrically i-type
(intrinsic) oxide semiconductor.

[0259]

The first heat treatment for the oxide semiconductor layer can be performed on
the oxide semiconductor film 2530 that has not been processed into the island-shaped
oxide semiconductor layer. In that case, the substrate is taken out of the heat apparatus
after the first heat treatment, and then a photolithography step is performed.

[0260]

Note that the first heat treatment may be performed at any of the following
timings other than the above timing as long as it is performed after deposition of the
oxide semiconductor layer: after the source electrode layer and the drain electrode layer
are formed over the oxide semiconductor layer; and after the insulating layer is formed
over the source electrode layer and the drain electrode layer.

[0261]

Further, in the case where a contact hole is formed in the gate insulating layer
2507, the formation of the contact hole may be performed either before or after the first
heat treatment is performed on the oxide semiconductor film 2530.

[0262]

Further, an oxide semiconductor layer formed in the following manner may
also be used: an oxide semiconductor is deposited twice, and heat treatment is
performed thereon twice. Through such steps, a crystal region which is c-axis-aligned

perpendicularly to a surface of the film and has a large thickness can be formed without
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depending on a base component.
[0263]

For example, a first oxide semiconductor film with a thickness greater than or
equal to 3 nm and less than or equal to 15 nm is deposited, and first heat treatment is
performed at a temperature higher than or equal to 450 °C and lower than or equal to
850 °C, preferably higher than or equal to 550 °C and lower than or equal to 750 °C,
under a nitrogen atmosphere, an oxygen atmosphere, a rare gas atmosphere, or a dry air
atmosphere, so that a first oxide semiconductor film having a crystal region in a region
including a surface is formed. Then, a second oxide semiconductor film which has a
larger thickness than the first oxide semiconductor film is formed, and second heat
treatment is performed at a temperature higher than or equal to 450 °C and lower than
or equal to 850 °C, preferably higher than or equal to 600 °C and lower than or equal to
700 °C.

[0264]

Through such steps, in the entire second oxide semiconductor film, crystal
growth can proceed from the lower part to the upper part using the first oxide
semiconductor film as a seed crystal, whereby an oxide semiconductor layer having a
thick crystal region is formed.

[0265]

Next, a conductive film to be the source electrode layer and the drain electrode
layer (including a wiring formed from the same layer as the source electrode layer and
the drain electrode layer) is formed over the gate insulating layer 2507 and the oxide
semiconductor layer 2531. As the conductive film serving as the source electrode
layer and the drain electrode layer, the material similar to that of the source electrode
layer 2405a and the drain electrode layer 2405b which is described in Embodiment 6
can be used.

[0266]

A resist mask is formed over the conductive film in a third photolithography
step and selective etching is performed, so that the source electrode layer 2515a and the
drain electrode layer 2515b are formed. Then, the resist mask is removed (see FIG

11C).
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[0267]

Ultraviolet light, KrF laser light, or ArF laser light is preferably used for light
exposure for forming the resist mask in the third photolithography step. The channel
length L of the transistor that is completed later is determined by a distance between
bottom end portions of the source electrode layer and the drain electrode layer, which
are adjacent to each other over the oxide semiconductor layer 2531. In the case where
the channel length L is less than 25 nm, the light exposure at the time of the formation
of the resist mask in the third photolithography step may be performed using extreme
ultraviolet light having an extremely short wavelength of several nanometers to several
tens of nanometers. Light exposure with extreme ultraviolet light leads to a high
resolution and a large depth of focus. Thus, the channel length L of the transistor to be
completed later can be greater than or equal to 10 nm and less than or equal to 1000 nm
and the operation speed of a circuit can be increased, and furthermore the off-state
current is extremely small, and thus lower power consumption can be achieved.

[0268]

In order to reduce the number of photomasks and steps in the photolithography
step, the etching step may be performed using a resist mask formed with a multi-tone
mask. Since a multi-tone mask through which light is transmitted to have a plurality
of intensities, a resist mask having a plurality of thicknesses can be formed with use of
the multi-tone mask. The resist mask can be changed in shape by ashing, so that
different patterns can be provided without a photolithography process. Thus, the
number of light-exposure masks can be reduced and the number of corresponding
photolithography steps can also be reduced, whereby simplification of a process can be
realized.

[0269]

Note that it is preferable that etching conditions be optimized so as not to etch
and divide the oxide semiconductor layer 2531 when the conductive film is etched.
However, it is difficult to obtain etching conditions in which only the conductive film is
etched and the oxide semiconductor layer 2531 is not etched at all. In some cases,
only part of the oxide semiconductor layer 2531 is etched to be an oxide semiconductor
layer having a groove portion (a depressed portion) when the conductive film is etched.

[0270]
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In this embodiment, a Ti film is used as the conductive film and an
In-Ga-Zn-O-based oxide is used as the oxide semiconductor layer 2531; thus, an
ammonia hydrogen peroxide solution (a mixed solution of ammonia, water, and a
hydrogen peroxide solution) is preferably be used as an etchant of the conductive film.
[0271]

Next, the insulating layer 2516 serving as a protective insulating film in contact
with part of the oxide semiconductor layer is formed. Before the formation of the
insulating layer 2516, plasma treatment using a gas such as N>O, N, or Ar may be
performed to remove water or the like adsorbed on an exposed surface of the oxide
semiconductor layer.

[0272]

The insulating layer 2516 can be formed to a thickness of at least 1 nm by a
method through which an impurity such as water or hydrogen does not enter the
insulating layer 2516, such as a sputtering method, as appropriate. When hydrogen is
contained in the insulating layer 2516, hydrogen might enter the oxide semiconductor
layer or oxygen might be extracted from the oxide semiconductor layer by hydrogen.
In such a case, the resistance of the oxide semiconductor layer on the backchannel side
might be decreased (the oxide semiconductor layer on the backchannel side might have
n-type conductivity) and a parasitic channel might be formed. Therefore, it is
important to use a method through which hydrogen and an impurity containing
hydrogen are not contained for forming the insulating layer 2516.

[0273]

In this embodiment, a 200-nm-thick silicon oxide film is formed as the
insulating layer 2516 by a sputtering method. The substrate temperature in film
formation is higher than or equal to room temperature and lower than or equal to 300 °C
and in this embodiment, is 100 °C. The silicon oxide film can be formed by a
sputtering method under a rare gas (typically, argon) atmosphere, an oxygen atmosphere,
or a mixed atmosphere containing a rare gas and oxygen. As a target, a silicon oxide
target or a silicon target may be used. For example, silicon oxide can be formed using
silicon as a target by a sputtering method under an atmosphere containing oxygen. For

the insulating layer 2516 which is formed in contact with the oxide semiconductor layer,



10

15

20

25

30

WO 2011/118351 51 PCT/JP2011/054835

an inorganic insulating film that hardly contains impurities such as moisture, a hydrogen
ion, and a hydroxyl group and that blocks entry of such impurities from the outside is
preferably used. Typically, a silicon oxide film, a silicon oxynitride film, an aluminum
oxide film, an aluminum oxynitride film, or the like can be used.

[0274]

In order to remove moisture remaining in the deposition chamber for forming
the insulating layer 2516 at the same time as deposition of the oxide semiconductor film
2530, an entrapment vacuum pump (such as a cryopump) is preferably used. When
the insulating layer 2516 is deposited in the deposition chamber evacuated using a
cryopump, the impurity concentration in the insulating layer 2516 can be reduced.
Alternatively, as an evacuation unit for removing moisture remaining in the deposition
chamber for forming the insulating layer 2516, a turbo molecular pump provided with a
cold trap may be used.

[0275]

It is preferable that a high-purity gas from which an impurity such as hydrogen,
water, a hydroxyl group, or hydride is removed be used as the sputtering gas for the
deposition of the insulating layer 2516.

[0276]

Next, second heat treatment (preferably at higher than or equal to 200 °C and
lower than or equal to 400 °C, for example, higher than or equal to 250 °C and lower
than or equal to 350 °C) is performed under an inert gas atmosphere or an oxygen gas
atmosphere. For example, the second heat treatment is performed at 250 °C for one
hour under a nitrogen atmosphere. In the second heat treatment, part of the oxide
semiconductor layer (a channel formation region) is heated in the state where it is in
contact with the insulating layer 2516.

[0277]

Through the above steps, oxygen which is one of main components of an oxide
semiconductor and which is reduced together with an impurity such as hydrogen,
moisture, a hydroxyl group, or hydride (also referred to as a hydrogen compound).
through the first heat treatment performed on the oxide semiconductor film can be

supplied. Thus, the oxide semiconductor layer is highly purified and is made to be an
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electrically i-type (intrinsic) semiconductor.
[0278]

Through the above steps, the transistor 2510 is formed (see FIG. 11D).
[0279]

When a silicon oxide layer having a lot of defects is used as the oxide
insulating layer, an impurity such as hydrogen, moisture, a hydroxyl group, or hydride
contained in the oxide semiconductor layer can be diffused into the silicon oxide layer
by the heat treatment performed after the silicon oxide layer is formed. That is, the
impurity in the oxide semiconductor layer can be further reduced.

[0280]

A protective insulating layer 2506 may be further formed over the insulating
layer 2516. For example, a silicon nitride film is formed by a sputtering method. An
inorganic insulating film which hardly contains an impurity such as moisture and can
block entry of the impurity from the outside, such as a silicon nitride film or an
aluminum nitride film, is preferably used as the protective insulating layer. In this
embodiment, a silicon nitride film is used as the protective insulating layer 2506 (see
FIG 11E).

[0281]

The silicon nitride film used as the protective insulating layer 2506 is formed in
such a manner that the substrate 2505 over which layers up to the insulating layer 2516
are formed is heated to higher than or equal to 100 °C and lower than or equal to 400 °C,
a sputtering gas containing high-purity nitrogen from which hydrogen and moisture are
removed is introduced, and a silicon target is used. Also in that case, the protective
insulating layer 2506 is preferably formed while moisture remaining in the treatment
chamber is removed, in a manner similar to that of the insulating layer 2516.

[0282]

After the protective insulating layer is formed, heat treatment may be further
performed at higher than or equal to 100 °C and lower than or equal to 200 °C for
longer than or equal to one hour and shorter than or equal to 30 hours under the
atmosphere.  This heat treatment may be performed at a fixed temperature.

Alternatively, the following change in temperature is set as one cycle and may be
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repeated plural times: the temperature is increased from room temperature to a heating
temperature and then decreased to room temperature.
[0283]

As described above, with the use of the transistor including a highly-purified
oxide semiconductor layer manufactured according to this embodiment, the current
value in an off state (off-state current value) can be further reduced.

[0284]

In addition, since the transistor including a highly-purified oxide
semiconductor layer has high field-effect mobility, high-speed operation is possible.
In a display device, for example, a driver circuit portion and a pixel portion can be
formed over one substrate, and thus the number of components can be reduced.

[0285]

Note that this embodiment can be combined with any of the other embodiments
and examples as appropriate.
[Example 1]

[0286]

In recent years, wireless chips have been attracting a great deal of attention as a
small semiconductor device in which an IC chip and an antenna for radio
communication are combined. With a wireless chip, data can be input and output by
transmitting and receiving communication signals (operation magnetic field) using a
radio communication device (hereinafter referred to as a reader/writer).

[0287]

For example, a wireless chip can be applied for managing goods in the

distribution industry. Although as for now, goods are managed with the use of bar

codes in general, bar codes are scanned optically and thus data cannot be scanned if

. there is an optical obstacle.

[0288]

With the use of a wireless chip, on the other hand, data can be scanned
wirelessly and thus scanning is practicable even if there is an optical obstacle as long as
a radio wave is not blocked. Therefore, goods can be managed more efficiently at
lower cost using a wireless chip. Furthermore, a wireless chip can be applied to a wide

range of use, for example, tickets, plane tickets, automatic charge, and the like.
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[0289]

With extension of the application field of a wireless chip, demand for a
higher-functional wireless chip has been increasing. For example, data leakage to a
third party can be prevented by coding transmission/reception data. For coding data,
methods of performing decoding/encoding processing using hardware, using software,
and using both hardware and software are known.

[0290]

In the method of performing processing using hardware, an arithmetic circuit is
configured with a dedicated circuit which executes coding and decoding.
[0291]

In the method of performing processing using software, an arithmetic circuit is
configured with a CPU and a high-capacity memory, and coding and decoding programs
are executed with the CPU.

[0292]

In the method of performing processing both using hardware and software, an
arithmetic circuit is configured with a dedicated circuit, a CPU, and a memory circuit;
part of arithmetic operation for coding and decoding is executed with the dedicated
circuit, and the other programs of arithmetic operation are executed with the CPU using
software.

[0293]

In any one of the methods, a wireless chip is required to be equipped with a
high-capacity memory circuit. According to one embodiment of the present invention,
an increase in power consumption due to an increase in a capacity of a memory circuit
can be prevented.

[0294]

In this example, a wireless chip having a decoding function will be described
as an example of a semiconductor device equipped with a CPU, a dedicated circuit, and
a memory circuit. FIG 9 is a block diagram of a wireless chip.

[0295]

A block configuration of a wireless chip will be described with reference to FIG.
9. Awireless chip 2601 includes an arithmetic circuit 2606 and an analog unit 2615.
[0296]
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The arithmetic circuit 2606 includes a CPU 2602, a ROM 2603, a RAM 2604,
and a controller 2605. |
[0297]

The analog unit 2615 includes an antenna 2607, a resonance circuit 2608, a
power supply circuit 2609, a reset circuit 2610, a clock generation circuit 2611, a
demodulation circuit 2612, a modulation circuit 2613, and a power supply management
circuit 2614.

[0298]

Power consumption of a whole wireless chip can be efficiently reduced by
applying any of the memory circuits described in Embodiments 1 to 3 to the ROM 2603.
Power consumption of a whole wireless chip can be efficiently reduced by applying the
memory circuit described in Embodiment 4 to the RAM 2604. In addition, the
reduction in power consumption can suppress heat generation of the wireless chip.
[0299]

The controller 2605 includes a CPU interface (CPUIF) 2616, a control register
2617, a code extraction circuit 2618, and an encoding circuit 2619.

[0300]

In FIG. 9, communication signals are shown separately as a reception signal
2620 and a transmission signal 2621 for simplicity. In fact, however, they constitute a
unified signal, and are transmitted and received at the same time between the wireless
chip 2601 and a reader/writer. The reception signal 2620 is received at the antenna
2607 and the resonance circuit 2608, and is demodulated in the demodulation circuit
2612. The transmission signal 2621 is modulated in the modulation circuit 2613, and
is transmitted from the antenna 2607.

[0301]

An induced electromotive force is generated by the antenna 2607 and the
resonance circuit 2608 when the wireless chip 2601 is put in a magnetic field formed by
a communication signal. The induced electromotive force is held and sfabilized by
electrical capacitance in the power supply circuit 2609, and supplied to each circuit in
the wireless chip 2601 as a power supply voltage.

[0302]

The reset circuit 2610 generates an initial reset signal of the whole wireless
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chip 2601. For example, a signal that rises after the increase in the power supply
voltage is generated as a reset signal.
[0303]

In the clock generation circuit 2611, a frequency and duty ratio of a clock
signal is changed depending on a control signal generated in the power supply
management circuit 2614.

[0304]

In the demodulation circuit 2612, a change of the amplitude of the reception
signal 2620 modulated by an ASK method is detected as the reception data 2622 of "0" /
"1". The demodulation circuit 2612 is a low-pass filter, for example.

[0305] |

The modulation circuit 2613 transmits transmission data after changing the
amplitude of the ASK transmission signal 2621. For example, if the transmission data
2623 is "0", the resonance point of the resonance circuit 2608 is changed so as to
change the amplitude of the communication signal.

[0306]

The power supply management circuit 2614 monitors a power supply voltage
which is supplied from the power supply circuit 2609 to the arithmetic circuit 2606 or
the current consumption in the arithmetic circuit 2606, and generates a signal for
controlling the clock generation circuit 2611.

[0307]

An operation of the wireless chip of this example is described.
[0308] '

First, the reception signal 2620 including ciphertext data, which is transmitted
from the reader/writer, is received by the wireless chip 2601. The reception signal
2620 is demodulated in the demodulation circuit 2612, and then divided in the code
extraction circuit 2618 into a control command, ciphertext data, and the like, which are
subsequently stored in the control register 2617.

[0309]

Here, the control command is data specifying a response of the wireless chip

2601, for example, transmission of a unique ID number, operation stop, cipher breaking,

and the like. Here, a control command of cipher breaking is to be received.



10

15

20

25

30

WO 2011/118351 57 PCT/JP2011/054835

[0310]

Next, in the arithmetic circuit 2606, the CPU 2602 breaks (decodes) the
ciphertext in accordance with a code breaking program stored in the ROM 2603 by
using a secret key 2624 stored in advance in the ROM 2603. The decoded ciphertext
(decoded text) is stored in the control register 2617. At this time, the RAM 2604 is
used as a data storing region.

[0311]

Note that the CPU 2602 accesses the ROM 2603, the RAM 2604, and the
control register 2617 through the CPUIF 2616. The CPUIF 2616 has a function of
generating an access signal for any of the ROM 2603, the RAM 2604, and the control
register 2617 based on an address required by the CPU 2602.

[0312]

The encoding circuit 2619 generates the transmission data 2623 from the
decoded text, which is then modulated in the modulation circuit 2613. Next, the
transmission signal 2621 is transmitted from the antenna 2607 to the reader/writer.
[0313]

Note that this example is described, as an arithmetic method, a processing
method using software, that is, a method in which the arithmetic circuit is configured
with the CPU and the high-capacity memory, and a program is executed with the CPU;
however, it is also possible to select an optimum arithmetic method according to the
purpose and form the arithmetic circuit based on the selected method.

[0314]

For example, as another arithmetic method, there are methods of performing
processing using hardware and using both hardware and software. In the method of
processing using hardware, an arithmetic circuit may be a dedicated circuit. In the
method of processing using both hardware and software, an arithmetic circuit may
include a dedicated circuit, a CPU, and a memory circuit so that the dedicated circuit
performs part of arithmetic operation and that the CPU may execute programs of the
other part of arithmetic operation using software.

[0315]
Note that this example can be combined with any of the other embodiments

and examples as appropriate.
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[Example 2]
[0316]

Some uses of a semiconductor device 3000, which functions as the wireless
chip described in Example 1, will be described.
[0317]

Wireless chips can be employed for many uses and can be used by being
mounted in objects such as bills, coins, securities, bearer bonds, certificates (e.g.,
driver’s licenses, or resident cards; see FIG. 12A), containers for wrapping objects (e.g.,
wrapping paper, or bottles; see FIG 12C), recording media (e.g., DVD software, or
video tapes; see FIG. 12B), vehicles (e.g., bicycles; see FIG 12D), personal belongings
(e.g., bags, or glasses), foods, plants, animals, human bodies, clothes, daily necessities,
and products such as electronic devices, or shipping tags of baggage (see FIGS. 12E and
12F).

[0318]

The semiconductor device 3000 which is one embodiment of the present
invention includes a memory element, and is mounted on a printed wiring board,
attached to a surface of an object, or incorporated in an object, so that the
semiconductor device 3000 is fixed in the object. For example, the semiconductor
device may be incorporated in paper of a book or an organic resin of a package.

[0319]

By providing the semiconductor device 3000 which is one embodiment of the
present invention in bills, coins, securities, bearer bonds, certificates, and the like, an
idenﬁfication function can be obtained and forgery thereof can be prevented by utilizing
the identification function. Further, by providing the semiconductor device which is
one embodiment of the present invention in containers for wrapping devices, recording
media, personal belongings, foods, clothes, daily necessities, electronic devices, and the
like, a system such as an inspection system can be used efficiently.

[0320] |
Note that this example can be combined with any of the other embodiments

and examples as appropriate.

This application is based on Japanese Patent Application serial no. 2010-070401 filed
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with Japan Patent Office on March 25, 2010, the entire contents of which are hereby

incorporated by reference.
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CLAIMS

1. A semiconductor device comprising:
a central processing unit; and
a memory circuit comprising:
a first memory cell defined by a first bit line and a first word line
intersecting with each other; and
a second memory cell defined by a second bit line and a second word
line intersecting with each other,
wherein the first memory cell comprises a first transistor,
wherein the second memory cell does not comprise a semiconductor element,
wherein the first transistor comprises an oxide semiconductor in a channel
formation region,
wherein a gate of the first transistor is electrically connected to the first word
line, a drain of the first transistor is electrically connected to the first bit line, and a
source of the first transistor is electrically connected to a reference potential line,
wherein the memory circuit stores data of a program, and
wherein the central processing unit is configured to execute an operation based

on the program.

2. The semiconductor device according to claim 1,

wherein the memory circuit further comprises a second transistor,

wherein the second transistor comprises an oxide semiconductor in a channel
formation region, and

wherein a gate of the second transistor is electrically connected to a pre-charge
line, a drain of the second transistor is electrically connected to at least one of the first
bit line and the second bit line, and a source of the second transistor is electrically -

connected to a first power supply line.

3. The semiconductor device according to claim 2,
wherein the memory circuit further comprises a latch circuit,

wherein the latch circuit comprises a first inverter circuit and a third transistor,
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wherein an input terminal of the first inverter circuit and a drain of the third
transistor are electrically connected to at least one of the first bit line and the second bit
line,

wherein an output terminal of the first inverter circuit is electrically connected
to a gate of the third transistor, and

wherein a source of the third transistor is electrically connected to a second

power supply line.

4. The semiconductor device according to claim 3,

wherein the memory circuit further comprises a second inverter circuit,

wherein an input terminal of the second inverter circuit is electrically
connected to at least one of the first bit line and the second bit line,

wherein an output terminal of the second inverter circuit is electrically
connected to an output terminal of the semiconductor device,

wherein high data and low data constitute data of the program,

wherein the first memory cell stores one of the high data, and

wherein the number of the high data of the program is less than the number of

the low data of the program.

5. The semiconductor device according to claim 4,
wherein the memory circuit further comprises memory cells electrically
connected to the second word line, and

wherein the memory cells do not comprise a semiconductor element.

6. The semiconductor device according to claim 1,

wherein the memory circuit further comprises a latch circuit,

wherein the latch circuit comprises a first inverter circuit and a third transistor,

wherein an input terminal of the first inverter circuit and a drain of the third
transistor are electrically connected to at least one of the first bit line and the second bit
line,

wherein an output terminal of the first inverter circuit is electrically connected

to a gate of the third transistor, and
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wherein a source of the third transistor is electrically connected to a second

power supply line.

7. The semiconductor device according to claim 1,

wherein the memory circuit further comprises a second inverter circuit,

wherein an input terminal of the second inverter circuit is electrically
connected to at least one of the first bit line and the second bit line,

wherein an output terminal of the second inverter circuit is electrically
connected to an output terminal of the semiconductor device,

wherein high data and low data constitute data of the program,

wherein the first memory cell stores one of the high data, and

wherein the number of the high data of the program is less than the number of

the low data of the program.

8. The semiconductor device according to claim 1,
wherein the memory circuit further comprises memory cells electrically
connected to the second word line, and

wherein the memory cells do not comprise a semiconductor element.

9. A semiconductor device comprising:
a dedicated circuit; and
a memory circuit comprising:

a first memory cell defined by a first bit line and a first word line
intersecting with each other; and

a second memory cell defined by a second bit line and a second word
line intersecting with each other,
wherein the first memory cell comprises a first transistor,
wherein the second memory cell does not comprise a semiconductor element,
wherein the first transistor comprises an oxide semiconductor in a channel

formation region,

wherein a gate of the first transistor is electrically connected to the first word

line, a drain of the first transistor is electrically connected to the first bit line, and a
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source of the first transistor is electrically connected to a reference potential line,
wherein the memory circuit stores data of a program, and
wherein the dedicated circuit is configured to execute an arithmetic operation

based on the program.

10. The semiconductor device according to claim 9,

wherein the memory circuit further comprises a second transistor,

wherein the second transistor comprises an oxide semiconductor in a channel
formation region, and

wherein a gate of the second transistor is electrically connected to a pre-charge
line, a drain of the second transistor is electrically connected to at least one of the first
bit line and the second bit line, and a source of the second transistor is electrically

connected to a first power supply line.

11. The semiconductor device according to claim 9,

wherein the memory circuit further comprises a latch circuit,

wherein the latch circuit comprises a first inverter circuit and a third transistor,

wherein an input terminal of the first inverter circuit and a drain of the third
transistor are electrically connected to at least one of the first bit line and the second bit
line,

wherein an output terminal of the first inverter circuit is electrically connected
to a gate of the third transistor, and

wherein a source of the third transistor is electrically connected to a second

power supply line.

12. The semiconductor device according to claim 9,

wherein the memory circuit further comprises a second inverter circuit,

wherein an input terminal of the second inverter circuit is electrically
connected to at least one of the first bit line and the second bit line,

wherein an output terminal of the second inverter circuit is electrically
connected to an output terminal of the semiconductor device,

wherein high data and low data constitute data of the program,
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wherein the first memory cell stores one of the high data, and
wherein the number of the high data of the program is less than the number of

the low data of the program.

13. The semiconductor device according to claim 9,
wherein the memory circuit further comprises memory cells electrically
connected to the second word line, and

wherein the memory cells do not comprise a semiconductor element.

14. A semiconductor device comprising:
a central processing unit;
a dedicated circuit; and
a memory circuit comprising:
a first memory cell defined by a first word line and a first bit line
intersecting with each other; and
a second memory cell defined by a second word line and a second bit
line intersecting with each other,
wherein the first memory cell comprises a first transistor,
wherein the second memory cell does not comprise a semiconductor element,
wherein the first transistor comprises an oxide semiconductor in a channel
formation region,
wherein a gate of the first transistor is electrically connected to the first word
line, a drain of the first transistor is electrically connected to the first bit line, and a
source of the first transistor is electrically connected to a reference potential line,
wherein the memory circuit stores data of a program,
wherein the central processing unit is configured to execute an operation based
on the program, and
wherein the dedicated circuit is configured to execute an arithmetic operation

based on the program.

15. The semiconductor device according to claim 14,

wherein the memory circuit further comprises a second transistor,
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wherein the second transistor comprises an oxide semiconductor in a channel
formation region, and

wherein a gate of the second transistor is electrically connected to a pre-charge
line, a drain of the second transistor is electrically connected to at least one of the first
bit line and the second bit line, and a source of the second transistor is electricallyl

connected to a first power supply line.

16. The semiconductor device according to claim 14,

wherein the memory circuit further comprises a latch circuit,

wherein the latch circuit comprises a first inverter circuit and a third transistor,

wherein an input terminal of the first inverter circuit and a drain of the third
transistor are electrically connected to at least one of the first bit line and the second bit
line,

wherein an output terminal of the first inverter circuit is electrically connected
to a gate of the third transistor, and

wherein a source of the third transistor is electrically connected to a second

power supply line.

17. The semiconductor device according to claim 14,

wherein the memory circuit further comprises a second inverter circuit,

wherein an input terminal of the second inverter circuit is electrically
connected to at least one of the first bit line and the second bit line,

wherein an output terminal of the second inverter circuit is electrically
connected to an output terminal of the semiconductor device,

wherein high data and low data constitute data of the program,

wherein the first memory cell stores one of the high data, and

wherein the number of the high data of the program is less than the number of

the low data of the program.

18. The semiconductor device according to claim 14,
wherein the memory circuit further comprises memory cells electrically

connected to the second word line, and
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wherein the memory cells do not comprise a semiconductor element.
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EXPLANATION OF REFERENCE

101: word line, 102: word line, 103: bit line, 104: bit line, 105: pre-charge line, 106: memory cell,
107: memory cell, 108: memory cell, 109: memory cell, 110: pre-charge circuit, 111: pre-charge
circuit, 114: transistor, 118: pre-charging transistor, 119: pre-charging transistor, 124: buffer, 125:
buffer, 126: memory output line, 127: memory output line, 130: power supply line, 144: inverter,
145: inverter, 151: CPU, 152: main memory, 153: input/output interface, 154: ROM, 155: RAM,
156: address bus, 157: data bus, 158: controller bus, 201: potential, 202: potential, 203: potential,
204: potential, 205: potential, 206: potential, 207: potential, 208: pre-charge signal period, 209:
word signal period, 210: data holding period, 211: pre-charge signal period, 212: word signal
period, 213: data holding period, 501: potential, 502: potential, 503: potential, 504: potential, 505:
potential, 506: potential, 507: potential, 508: pre-charge signal period, 509: word signal period,
510: data holding period, 511: pre-charge signal period, 512: word signal period, 513: data
holding period, 606: memory cell, 607: memory cell, 608: memory cell, 609: memory cell, 616:
transistor, 617: transistor, 618: transistor, 619: transistor, 706: memory cell, 707: memory cell,
708: memory cell, 709: memory cell, 718: memory transistor, 719: memory transistor, 801: main
memory, 802: dedicated circuit, 803: input/output interface, 804: address bus, 805: data bus, 806:
controller bus, 810: arithmetic circuit, 811: CPU, 812: dedicated circuit, 813: main memory, 814:
ROM, 815: RAM, 816: input/output interface, 817: address bus, 818: data bus, 819: controller
bus, 1103: bit line, 1120: inverter, 1121: inverter, 1130: inverter, 1131: p-channel transistor, 2400:
substrate, 2401: gate electrode layer, 2402: gate insulating layer, 2403: oxide semiconductor layer,
2405a: source electrode layer, 2405b: drain electrode layer, 2407: insulating layer, 2409:
protective insulating layer, 2427: insulating layer, 2436a: wiring layer, 2436b: wiring layer, 2437:
insulating layer, 2505: substrate, 2506: protective insulating layer, 2507: gate insulating layer,
2510: transistor, 2511: gate electrode layer, 2515a: source electrode layer, 2515b: drain electrode

layer, 2516: insulating layer, 2530: oxide semiconductor film, 2531: oxide semiconductor layer,
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2601: wireless chip, 2602: CPU, 2603: ROM, 2604: RAM, 2605: controller, 2606: arithmetic
circuit, 2607: antenna, 2608: resonance circuit, 2609: power supply circuit, 2610: reset circuit,
2611: clock generation circuit, 2612: demodulation circuit, 2613: modulation circuit, 2614: power
supply management circuit, 2615: analog unit, 2616: CPUIF, 2617: control register, 2618: code
extraction circuit, 2619: encoding circuit, 2620: reception signal, 2621: transmission signal, 2622:
reception data, 2623: transmission data, 2624: private key, 3000: semiconductor device, 3410:

transistor, 3420: transistor, 3430: transistor, 3440: transistor
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