
WO 2011/089808PCT/JP2010/072839 1 DESCRIPTION SEMICONDUCTOR DEVICE 5
lECHNICAL FIELD [0001]         The present invention relates to a
semiconductor device including a semiconductor element using an oxide
semiconductor. 10 BACKGROUND ART [0002]         In recent years, a metal
oxide exhibiting semiconductor characteristics and called oxide
semiconductor has attracted attention as a novel semiconductor material
having higher mobility and higher reliability than amorphous silicon, and
having 15 uniform element characteristics. Metal oxides are used for
various applications. For example, indium oxide is a well-known metal oxide
and used as a material of a transparent electrode included in a liquid
crystal display device or the like. Examples of such metal oxides having
semiconductor characteristics include tungsten oxide, tin oxide, indium
oxide, and zinc oxide. Thin film transistors whose channel formation
20region is formed using such a metal oxide having semiconductor
characteristics are known (Patent Documents 1 and 2). [Reference] [0003]
[Patent Document 1] Japanese Published Patent Application No. 2007-123861
25[Patent Document 2] Japanese Published Patent Application No. 2007-96055
DISCLOSURE OF INVENTION 



[0004] Conventionally, in semiconductor integrated circuits such as a
normal central 30processing unit (CPU), the circuits are designed in
advance and cannot be changed after manufacturing.In contrast, in a
semiconductor integrated circuit called a programmable logic device (PLD),
a logic circuit is formed using basic block units  WO
2011/089808PCT/JP2010/072839 2 having an adequate structure and
interconnections between the basic block units can be changed after
manufacturing. Therefore, the PLD has high versatility because a circuit
configuration can be changed by a user, and the time and cost spent on
design and development of a circuit can be greatly reduced. 5[0005]
The PLD includes a complex PLD (CPLD), a field programmable gate array
(FPGA), and the like. When the program of the circuit configuration can be
rewritten without limitation, the circuit configuration of any of the above
PLDs is set in accordance with a structure of connections between basic
blocks which is stored in a 10 semiconductor memory such as an EEPROM or an
SRAM. Depending on the circuit configuration which is programmed, there can
be a case where a basic block does not contribute to the circuit
configuration. In particular, as a PLD has a larger size and higher
versatility, the number of basic blocks increases; since the circuit
configuration is customized for a specific use, the number of basic blocks
which do not contribute to the 15circuit configuration increases. [0006]
However, power supply voltage is supplied also to the basic blocks which do
not contribute to the circuit configuration in the PLD. Therefore, in the
basic blocks, various capacitance including parasitic capacitance are
charged and discharged 20 wastefully, so that power is consumed. When the
power supply voltage is supplied, unnecessary power consumption occurs in
the basic blocks due to leakage current or off-state current. For example,
in the case where an inverter is formed using a CMOS, although, ideally,
power is not consumed in a steady state, power is consumed in practice due
to leakage current which flows to a gate insulating film or to off-state
25 current which flows between a source electrode and a drain electrode. In
the case where a CMOS inverter is formed using bulk silicon, an off-state
current of approximately 1 pA is generated at a room temperature with a
power supply voltage of approximately 3 V. When high integration of the PLD
is achieved, power consumption is expected to be increased due to
miniaturization of a semiconductor element or an 



30increase in the number of elements. [0007]  WO
2011/089808PCT/JP2010/072839 3 used as a programming cell for storing a
structure of connections. However, since the EEPROM writes and erases data
utilizing the principle of tunneling current, deterioration of an
insulating film easily occurs. Accordingly, in practice, the number of
times of rewriting data is not infinite, and the upper limit of the number
of rewritings  5 is approximately tens of thousands of times to hundreds of
thousands of times. In addition, an absolute value of the voltage applied
to the EEPROM when data is written and when data is erased is as high as
around 20 V. Therefore, power consumption easily increases when data is
written and when data is erased. In addition, a redundant circuit design
for covering the size of the above operating voltage is necessary. 10[0008]
On the other hand, the SRAM always needs the supply of power supply voltage
to hold data. Accordingly, power is consumed even in a steady state while
the power supply voltage is supplied, as described above; therefore, if the
number of programming cells using the SRAM increases with high integration,
power consumption of a 15semiconductor device increases. [0009]         In
view of the above problems, it is an object of the present invention to
provide a semiconductor device which can reduce power consumption. It is
another object of the present invention to provide a highly reliable
semiconductor device using a 20 programming cell. [0010]         In a
semiconductor device according to one embodiment of the present invention,
in accordance with changing of a structure of connections between basic
blocks, presence or absence of the supply of the power supply voltage to
the basic  25 blocks is changed. That is, when changing of the structure of
the connection between the basic blocks generates a basic block which does
not contribute the circuit configuration, the supply of the power supply
voltage to the basic block in question is stopped. [0011] 



30In one embodiment of the present invention, the supply of the power
supply voltage to the basic blocks is controlled using a programming cell
formed using an insulated gate field effect transistor (hereinafter simply
referred to as a transistor) with  WO 2011/089808PCT/JP2010/072839 4
extremely low off-state current or extremely low leakage current. The band
gap of the above transistor is wider than that of a silicon semiconductor,
and a channel formation region of the transistor includes a semiconductor
material whose intrinsic carrier density is lower than that of silicon. A
semiconductor material having such characteristics is  5 included in a
channel formation region, so that a transistor with extremely low off-state
current can be realized. As examples of such a semiconductor material, an
oxide semiconductor having a band gap which is approximately three times as
large as that of silicon can be given. [0012] 10In one embodiment of the
present invention, the transistor with extremely low off-state current or
extremely low leakage current is used for a programming cell for
controlling a connection between the basic blocks. [0013] Unless otherwise
specified, in this specification, in the case of an n-channel  15
transistor, an off-state current is a current which flows between a source
electrode and a drain electrode when a potential of the drain electrode is
higher than that of the source electrode or that of a gate electrode while
a potential of the gate electrode is less than or equal to zero when a
reference potential is the potential of the source electrode.
Alternatively, in this specification, in the case of a p-channel
transistor, an off-state  20 current is current which flows between a
source electrode and a drain electrode when a potential of the drain
electrode is lower than that of the source electrode or that of a gate
electrode while the potential of the gate electrode is greater than or
equal to zero when a reference potential is the potential of the source
electrode. [0014] 25Specifically, the above programming cell includes at
least a first transistor 



functioning as a switching element for controlling a connection between two
nodes and a second transistor for controlling the supply of a potential to
a gate electrode of the above first transistor. The second transistor
includes a channel formation region formed using a semiconductor material,
such as an oxide semiconductor, which has a  30 band gap approximately
three times as large as that of silicon, and an off-state current or a
leakage current extremely low. Accordingly, the voltage (gate voltage)
between the gate electrode and the source electrode of the first transistor
is held for a long time by  WO 2011/089808PCT/JP2010/072839 5 the second
transistor which has extremely low off-state current or extremely low
leakage current. [0015] An oxide semiconductor is a metal oxide exhibiting
semiconductor  5 characteristics, which includes a high mobility which is
almost the same as that of microcrystalline silicon or polycrystalline
silicon, and a uniformity in characteristics of elements which is almost
the same as that of amorphous silicon. An oxide semiconductor
highly-purified (a purified OS) by reduction in concentration of impurities
such as moisture or hydrogen, which serves as electron donors (donors), is
an  10 intrinsic semiconductor (an i-type semiconductor) or a substantially
intrinsic semiconductor. Therefore, a transistor including the above oxide
semiconductor has a characteristic of extremely low off-state current or
extremely low leakage current. Specifically, the hydrogen concentration in
the highly-purified oxide semiconductor which is measured by secondary ion
mass spectrometry (SIMS) is less than or equal to 5  15 x 1019 /cm3,
preferably less than or equal to 5 x 1018 /cm3, more preferably less than
or equal to 5 x 1017 /cm3, still more preferably less than or equal to 1 x
1016 1cm3. In addition, the carrier density of the oxide semiconductor
film, which is measured by Hall effect measurement, is less than 1 x 1014
/cm3, preferably less than 1 x 1012 /cm3, more preferably less than 1 x
1011 1cm3. Furthermore, the band gap of the oxide  20 semiconductor is
greater than or equal to 2 eV, preferably greater than or equal to 2.5 eV,
more preferably greater than or equal to 3 eV. With the use of the oxide
semiconductor film which is highly purified by sufficiently reducing the
concentration of impurities such as moisture or hydrogen, off-state current
or leakage current of the transistor can be reduced. 25[0016]        The
analysis of the hydrogen concentration in the oxide semiconductor film is
described here. It is known that it is, in principle, difficult to obtain
data accurately in the proximity of a surface of a sample or in the
proximity of an interface between stacked films formed using different
materials by the SIMS analysis principle. Thus, 30in the case where
distributions of the hydrogen concentrations of the film are analyzed by
SIMS in thickness directions, when, in a region of the film under study,
the value  



WO 2011/089808PCT/JP2010/072839 6 does not vary greatly and an almost
constant value can be obtained, an average value is accepted as the
hydrogen concentration. Further, in the case where the thickness of the
film under study is small, a region with an almost constant value can
sometimes not be obtained due to the influence of the hydrogen
concentration in adjacent films. In that 5 case, a local maximum value or a
local minimum value of the hydrogen concentration in a region of the film
is accepted as the hydrogen concentration in the film. Furthermore, in the
case where a mountain-shaped peak having the local maximum value and a
valley-shaped peak having the local minimum value do not exist in the
region where the films are provided, the value at an inflection point is
accepted as the hydrogen 10concentration. [0017]         Various
experiments can actually prove low off-state current of the transistor
including the highly-purified oxide semiconductor film as an active layer.
For example, even with an element with a channel width of 1 x 106 lAnt and
a channel length 15 of 10 lam, in the range of from 1 V to 10 V of the
voltage (drain voltage) between a source electrode and a drain electrode,
it is possible that off-state current (which is drain current when the
voltage between a gate electrode and the source electrode is less than or
equal to 0 V) is less than or equal to the measurement limit of a
semiconductor characterization system, that is, less than or equal to 1 x
10-13 A. In that case, it can be 20 found that an off-state current density
corresponding to a value obtained by dividing the off-state current by the
channel width of the transistor is lower than or equal to 100 zA4tm.
Further, in the experiment, a capacitor and a transistor (the thickness of
a gate insulating film was 100 nm) were connected to each other and a
circuit in which electric charge flowing into or from the capacitor was
controlled by the transistor was used. 25 When the highly-purified oxide
semiconductor film was used as a channel formation region in the
transistor, and the off-state current of the transistor was measured from a
change in the amount of electric charge of the capacitor per unit time, it
was found that in the case where the voltage between the source electrode
and the drain electrode of the transistor was 3 V, lower off-state current
of 10 zA4tm to 100 zA/Am was able to be 30obtained. Therefore, in the
semiconductor device relating to one embodiment of the present invention,
the off-state current density of the transistor including the  WO
2011/089808PCT/JP2010/072839 7 highly-purified oxide semiconductor film as
an active layer can be lower than or equal to 100 zA4t,m, preferably lower
than or equal to 10 zA4tm, or more preferably lower than or equal to 1
zA/ium, depending on the voltage between the source electrode and drain
electrode. Accordingly, the transistor including the highly-purified oxide
5semiconductor film as an active layer has much lower off-state current
than a transistor 



including silicon having crystallinity. [0018]         A transistor
including a highly-purified oxide semiconductor shows almost no temperature
dependence of off-state current. This is because an impurity serving as an
10 electron donor (donor) in the oxide semiconductor is removed and the
oxide semiconductor is highly purified, so that a conductivity type is
close to a substantially intrinsic type and the Fermi level is located in
the center of the forbidden band. This also results from the fact that the
oxide semiconductor has an energy gap of greater than or equal to 3 eV and
includes very few thermally excited carriers. In addition, the  15 source
electrode and the drain electrode are in a degenerated state, which is also
a factor for showing no temperature dependence. The transistor is mainly
operated with carriers which are injected from the degenerated source
electrode to the oxide semiconductor, and it can be explained that there is
no temperature dependence of an off-state current because there is no
temperature dependence of carrier density. 20[0019]        As the oxide
semiconductor, a quaternary metal oxide such as an In-Sn-Ga-Zn-0-based
oxide semiconductor, a ternary metal oxide such as an In-Ga-Zn-O-based
oxide semiconductor, an In-Sn-Zn-O-based oxide semiconductor, an
In-Al-Zn-O-based oxide semiconductor, a Sn-Ga-Zn-0-based oxide
semiconductor, an 25 Al-Ga-Zn-O-based oxide semiconductor, and a
Sn-Al-Zn-O-based oxide semiconductor, or a binary metal oxide such as an
In-Zn-0-based oxide semiconductor, a Sn-Zn-0-based oxide semiconductor, an
Al-Zn-0-based oxide semiconductor, a Zn-Mg-0-based oxide semiconductor, a
Sn-Mg-O-based oxide semiconductor, an In-Mg-0-based oxide semiconductor, an
In-Ga-0-based oxide semiconductor, an 30In-0-based oxide semiconductor, a
Sn-0-based oxide semiconductor, and a Zn-0-based oxide semiconductor, and
the like can be used. Note that in this specification, for  WO
2011/089808PCT/JP2010/072839 8 example, an In-Sn-Ga-Zn-O-based oxide
semiconductor means a metal oxide including indium (In), tin (Sn), gallium
(Ga), and zinc (Zn). There is no particular limitation on the
stoichiometric composition ratio. The above oxide semiconductor may include
silicon. 5[0020]         Alternatively, oxide semiconductors can be
represented by the chemical formula, InM03(Zn0),, (m > 0). Here, M
represents one or more metal elements selected from Ga, Al, Mn, and Co.
[0021] 



10According to one embodiment of the present invention, the supply of the
power supply voltage to basic blocks which do not contribute to a circuit
configuration is stopped by a programming cell, whereby power consumption
of a semiconductor integrated circuit can be suppressed. [0022] 15The
programming cell having the above structure can suppress degradation of a
gate insulating film by tunneling current, as compared to a conventional
programming cell using the EEPROM; therefore, a semiconductor device in
which the number of times of rewriting data can increase can be provided.
[0023] 20In the programming cell having the above structure, the operating
voltage which is needed for writing of data on a connection state is
approximately determined by the operating voltage of the second transistor.
Accordingly, compared to the conventional programming cell using the
EEPROM, a semiconductor device in which the above operating voltage can be
reduced significantly and power consumption is 25 reduced can be provided.
[0024]        Unlike a programming cell formed using the SRAM, the
programming cell having the above structure holds data using a transistor
having extremely low off-state current; accordingly, a connection state can
be held to some extent even when the power 30supply voltage is not always
supplied to the programming cell. Therefore, a semiconductor device in
which power consumption is reduced can be provided.  WO
2011/089808PCT/JP2010/072839 9 BRIEF DESCRIPTION OF DRAWINGS 



[0025] FIG. 1 is a diagram illustrating a structure of a semiconductor
device. FIGS. 2A to 2C each illustrate a circuit diagram of a programming
cell.  5 FIG. 3 is a diagram illustrating an operation of a semiconductor
device. FIG. 4 is a diagram illustrating an operation of a semiconductor
device. FIG. 5 is a diagram illustrating an operation of a semiconductor
device. FIG. 6 is a diagram illustrating a structure of a semiconductor
device. FIG. 7 is a diagram illustrating a structure of a semiconductor
device. 10FIG. 8 is a diagram illustrating a structure of a semiconductor
device. FIGS. 9A and 9B are timing charts each illustrating an operation of
a semiconductor device.         FIGS. 10A to 10C are views illustrating a
method for manufacturing a semiconductor device. 15FIGS. 11A and 11B are
views illustrating a method for manufacturing a semiconductor device.
FIGS. 12A to 12C are views illustrating a method for manufacturing a
semiconductor device.              FIG. 13 is a longitudinal
cross-sectional view of an inverted staggered transistor 20 which includes
an oxide semiconductor.         FIG. 14 is an energy band diagram
(schematic diagram) of a cross section taken along line A-A' in FIG. 13.
FIG. 15A illustrates an energy band diagram where a positive voltage (VG >
0) is applied to a gate electrode (GE), and FIG. 15B illustrates an energy
band diagram 25where a negative voltage (VG <0) is applied to the gate
electrode (GE).         FIG. 16 is a diagram illustrating relationships
between a vacuum level, a work function of a metal (Om), and electron
affinity (x) of an oxide semiconductor. FIGS. 17A to 17D are views each
illustrating a structure of an electronic device. 



30 BEST MODE FOR CARRYING OUT THE INVENTION  WO
2011/089808PCT/JP2010/072839 10 [0026]         Hereinafter, embodiments of
the present invention will be described in detail with reference to the
accompanying drawings. However, the present invention is not limited to the
following description and it is easily understood by those skilled in the
art 5that the mode and details can be changed in various ways without
departing from the spirit and scope of the present invention. Accordingly,
the present invention should not be construed as being limited to the
description of the embodiments below. [0027] Note that a semiconductor
device of the present invention includes, in its  10 category, various
semiconductor integrated circuits formed using semiconductor elements such
as microprocessors, image processing circuits, controllers for
semiconductor display devices, digital signal processor (DSPs), micro
controllers, and the like. In addition, the semiconductor device of the
present invention also includes, in its category, various devices such as
RF tags formed using the above semiconductor  15 integrated circuits,
semiconductor display devices, and the like. The semiconductor display
devices include the following in its category: liquid crystal display
devices, light-emitting devices in which a light-emitting element typified
by an organic light-emitting element (OLED) is provided for each pixel,
electronic paper, digital micromirror devices (DMDs), plasma display panels
(PDPs), field emission displays 20 (FEDs), and other semiconductor display
devices in which a semiconductor element is included in a driver circuit.
[0028] (Embodiment 1)             In this embodiment, a structure and
operation of a semiconductor device 



25according to one embodiment of the present invention will be described.
[0029]        A structure of a semiconductor device according to one
embodiment of the present invention is illustrated in FIG. 1, as an
example. The semiconductor device illustrated in FIG. 1 is provided with
nine basic blocks A to I, programming cells SwAB 30 to SwIH configured to
control connections between the basic blocks A to I, and programming cells
SwVA to SwVI configured to control the supply of a power supply potential
VDD to the basic blocks A to I.  WO 2011/089808PCT/JP2010/072839 11 [0030]
Note that in FIG. 1, a programming cell configured to control a connection
between an output terminal of the basic block A and an input terminal of
the basic block B is denoted as SwAB, for example. On the other hand, a
programming cell 5configured to control a connection between an output
terminal of the basic block B and an input terminal of the basic block A is
denoted as SwBA. [0031]         In FIG. 1, in order to avoid complexity of
description, the case in which each of the nine basic blocks is connected
to the basic block of up, down, left, or right via the  10 programming
cells is illustrated. However, one embodiment of the present invention is
not limited to this structure, and a designer can set the number of basic
blocks and the structure of the connection, as appropriate. [0032] In FIG.
1, each basic block is connected via the programming cell to a node to  15
which the power supply potential VDD is applied; however, in practice, not
only the power supply potential VDD but also a fixed potential which is
different from the power supply potential VDD, such as a ground potential,
are applied to each basic block. That is, when the power supply potential
VDD is applied to the basic blocks, the potential difference between the
power supply potential VDD and the above fixed 



20potential is supplied to the basic blocks as power supply voltage. [0033]
In FIG. 1, the case where one output terminal of a given basic block is
connected to one input terminal of another basic block via the programming
cell is described. However, one embodiment of the present invention is not
limited to this 25structure. One output terminal of a given basic block may
be connected to a plurality of input terminals of another basic block via
programming cells. [0034]        Note that there is no particular
limitation on the structure of a logic circuit used as the basic block. A
logic circuit which performs a simple logic operation such as an 30
inverter, an AND, a NAND, or a NOR; an adder; a multiplier; a memory (e.g.,
a DRAM or the SRAM); or various arithmetic units can be used as the basic
block. [0035]  WO 2011/089808PCT/JP2010/072839 12         Each programming
cell includes at least a first transistor (Tr1) which controls a connection
between two nodes and a second transistor (Tr2) which controls the supply
of a potential to a gate electrode of the first transistor. Specifically,
structural examples of the programming cells are illustrated in FIGS. 2A to
2C. 5[0036]         FIG. 2A is an example of a programming cell having the
simplest structure, and the programming cell includes the first transistor
(Tr) which controls a connection between two nodes and the second
transistor (Tr2) which controls the supply of a potential to a gate
electrode of the first transistor (Tr). Specifically, a source  10
electrode of the first transistor (Tr) is connected to a node Ni and a
drain electrode of the first transistor (Tr) is connected to a node N2.
Further, one of the source electrode (denoted as S) and the drain electrode
(denoted as D) of the second transistor (Tr2) is connected to the gate
electrode of the first transistor (Tr), and a potential of a signal (Sig1)
for controlling switching of the first transistor (Tr) is applied to the
other of the 15source electrode (denoted as S) and the drain electrode
(denoted as D) of the second 



transistor (Tr2). [0037]         Note that a capacitor for holding a
potential of the gate electrode of the first transistor (Tr) may be
provided. 20[0038]         When the second transistor (Tr2) is turned on in
accordance with a signal input to a gate electrode of the second transistor
(Tr2), a potential of a signal for controlling switching of the first
transistor (Tr) is applied to the gate electrode of the first transistor
(Tr). The first transistor (Tr) performs switching in accordance with the
potential  25 applied to the gate electrode of the first transistor (Tr).
When the first transistor (Tr) is on, the node Ni is connected to the node
N2. In contrast, when the first transistor (Tr) is off, the node Ni is not
connected to the node N2, and one of these nodes is in a high impedance
state. [0039] 30Next, when the second transistor (Tr2) is turned off in
accordance with a signal input to the gate electrode of the second
transistor (Tr2), the gate electrode of the first transistor (Tr) is in a
floating state, and the potential is held. Accordingly, a  WO
2011/089808PCT/JP2010/072839 13 connection state between the node Ni and
the node N2 is held. [0040]         Note that "connection" in this
specification refers to electrical connection and corresponds to the state
in which current, voltage, or potential can be applied or  5 transmitted.
Therefore, the state of connection does not always mean a state of direct
connection, but includes in its category a state of indirect connection via
a circuit element such as a wiring, a resistor, a diode, or a transistor,
in which current, voltage, or potential can be supplied or transmitted. 



[0041] 10Note also that even when a circuit diagram illustrates independent
components which are connected to each other, there is the case where one
conductive film has functions of a plurality of components such as the case
where part of a wiring also functions as an electrode. The "connection" in
this specification includes in its category such a case where one
conductive film has functions of a plurality of 15 components. [0042]
The names of the "source electrode" and the "drain electrode" included in
the transistor interchange with each other depending on the polarity of the
transistor or difference between the levels of potentials applied to the
respective electrodes. In  20 general, in an n-channel transistor, an
electrode to which a lower potential is applied is called a source
electrode, and an electrode to which a higher potential is applied is
called a drain electrode. Further, in a p-channel transistor, an electrode
to which a lower potential is applied is called a drain electrode, and an
electrode to which a higher potential is applied is called a source
electrode. In this specification, for convenience,  25 although the
connection relation of the transistor is described assuming that the source
electrode and the drain electrode are fixed in some cases; however,
actually, the names of the source electrode and the drain electrode
interchange with each other depending on the relation between the above
potentials. [0043] 30Note that in the case of using a programming cell for
controlling a connection between the basic blocks, the node Ni is connected
to an input terminal or an output terminal of one basic block, and the node
N2 is connected to an input terminal or an  WO 2011/089808PCT/JP2010/072839
14 output terminal of another basic block. In the case of using a
programming cell for controlling the supply of the power supply voltage to
the basic block, the basic block is connected to one of the node Ni and the
node N2, and the power supply potential VDD is applied to the other of the
node Ni and the node N2. 5[0044] 



Next, an example of another programming cell is illustrated in FIG. 2B. The
programming cell illustrated in FIG. 2B includes the first transistor (Tr)
which controls a connection between two nodes, the second transistor (Tr2)
which controls the supply of a potential to the gate electrode of the first
transistor (Tr), and a third transistor (Tr3) 10 which controls a
connection between one of the above two nodes and a node to which a fixed
potential VSS is applied. [0045]         Specifically, the source electrode
of the first transistor (Tr) is connected to the node Ni and the drain
electrode of the first transistor (Tr) is connected to the node N2.  15 One
of the source electrode and the drain electrode of the second transistor
(Tr2) is connected to the gate electrode of the first transistor (Tr), a
potential of a signal for controlling switching of the first transistor
(Tr) is applied to the other of the source electrode and the drain
electrode of the second transistor (Tr2). One of the source electrode and
the drain electrode of the third transistor (Tr3) is connected to the node
N2,  20 and the other is connected to the node to which the fixed potential
VSS is applied. The gate electrode of the first transistor (Tr) is
connected to a gate electrode of the third transistor (Tr3). Note that the
first transistor (Tr) is an n-channel transistor, and the third transistor
(Tr3) is a p-channel transistor. [0046] 25The programming cell illustrated
in FIG. 2B includes a capacitor Cs for holding a potential of the gate
electrode of the first transistor (Tr). Although the capacitor Cs is not
necessarily provided, when the capacitor Cs is provided, a connection state
between the node Ni and the node N2 can be held for a longer period of
time. Specifically, one of the pair of electrodes of the capacitor Cs is
connected to the gate 30electrode of the first transistor (Tr), and the
other is connected to the node to which the fixed potential VSS is applied.
[0047] WO 2011/089808PCT/JP2010/072839 15         When the second
transistor (Tr2) is turned on in accordance with a signal input to the gate
electrode of the second transistor (Tr2), a potential of a signal for
controlling switching of the first transistor (Tr) is applied to the gate
electrode of the first transistor (Tr), the gate electrode of the third
transistor (Tr3), and one electrode of the capacitor  5 Cs. The first
transistor (Tr) performs switching in accordance with the potential of the
signal applied to the gate electrode of the first transistor (Tr). Then,
the third transistor (Tr3) performs switching which is opposite to that of
the first transistor (Tr) because the polarity of the third transistor
(Tr3) is different from that of the first transistor (Tr). 10[0048] 



For example, when the first transistor (Tr) is turned on, the third
transistor (Tr3) is turned off. As a result, the node Ni is connected to
the node N2. In contrast, when the first transistor (Tr) is turned off, the
third transistor (Tr3) is turned on. As a result, the node Ni is not
connected to the node N2, and the node N2 is connected to the 15node to
which the fixed potential VSS is applied. [0049]         Next, when the
second transistor (Tr2) is turned off in accordance with a signal input to
the gate electrode of the second transistor (Tr2), the gate electrode of
the first transistor (Tr) and the gate electrode of the third transistor
(Tr3) are in a floating state, 20and the potential of the gate electrodes
is held in the capacitor Cs. Accordingly, a connection state between the
node Ni and the node N2 and a connection state between the node N2 and the
node to which the fixed potential VSS is applied are held. [0050] Note that
in FIG. 2B, a p-channel transistor is used for the third transistor (Tr3);
25 however, when a p-channel type is not generally obtained similarly to an
oxide semiconductor, or with a very low mobility. Therefore, a resistor R
can be used instead of a p-channel transistor, as illustrated in FIG. 2C.
[0051] In one embodiment of the present invention, in the programming cells
30 illustrated in FIGS. 2A to 2C, off-state current or leakage current of
the second transistor (Tr2) is extremely low. Specifically, a channel
formation region of the second transistor (Tr2) includes a semiconductor
material whose band gap is wider than  WO 2011/089808PCT/JP2010/072839 16
that of a silicon semiconductor and whose intrinsic carrier density is
lower than that of silicon. When a semiconductor material having such
characteristics is included in a channel formation region, a transistor
with extremely low off-state current can be realized. 5[0052] 



As an example of the semiconductor material whose band gap is wider than
that of a silicon semiconductor and whose intrinsic carrier density is
lower than that of silicon, a compound semiconductor such as silicon
carbide (SiC) or gallium nitride (GaN), an oxide semiconductor formed using
a metal oxide such as zinc oxide (Zn0),  10 or the like can be used. Of
these, the oxide semiconductor is advantageous in that it can be formed by
a sputtering method or a wet method (printing method or the like) and it is
superior in mass production. If silicon carbide and gallium nitride do not
form a single crystal, silicon carbide and gallium nitride do not obtain
satisfactory characteristics. The process temperature of silicon carbide
for forming a single crystal  15 is approximately 1500 C, and the process
temperature of gallium nitride for forming a single crystal is
approximately 1100 C. However, the film formation temperature of the oxide
semiconductor is as low as 300 C to 500 C (at the maximum, approximately
700 C), and a semiconductor element formed using an oxide semiconductor can
be stacked over an integrated circuit formed using a semiconductor material
such as single  20 crystal silicon. Further, the oxide semiconductor can
accompany an increase in the size of a substrate. Accordingly, of the above
semiconductor with a wide band-gap, particularly, the oxide semiconductor
has an advantage of high mass production efficiency. In addition, a
crystalline oxide semiconductor having a superior performance (e.g.,
field-effect mobility) can be easily obtained by a heat treatment 25
comprised between 450 C and 800 C. [0053]         When an oxide
semiconductor is used for the second transistor (Tr2), it is preferable
that the above oxide semiconductor have a band gap of greater than or equal
to 3 eV, and a carrier density of less than 1012 /cm3, preferably, less
than 1011 /cm3. 30Specifically, the hydrogen concentration in the above
oxide semiconductor, which is measured by SIMS, is less than or equal to 5
x 1019 7cm3, preferably less than or equal  WO 2011/089808PCT/JP2010/072839
17 to 5 x 1018 1cm3, more preferably less than or equal to 5 x 1017 /cm3,
still more preferably less than or equal to 1 x 1016 1cm3. When an oxide
semiconductor having the above characteristics is used, off-state current
or leakage current of the second transistor (Tr2) can be reduced. 5[0054]
The gate insulating film of the second transistor (Tr2) preferably has a
thickness of greater than or equal to 10 nm, more preferably greater than
or equal to 100 nm. The channel length of the second transistor (Tr2) is
preferably greater than or equal to 100 nm, more preferably greater than or
equal to 300 nm. When the above 10structure is adopted, off-state current
or leakage current of the second transistor (Tr2) can be reduced. 



[0055]         In this way, when the second transistor (Tr2) with
remarkably low off-state current or remarkably low leakage current is used,
the supply of a potential to the gate  15 electrode of the first transistor
is controlled, whereby the gate voltage of the first transistor is held for
a long time. Therefore, the connection state between the node Ni and the
node N2 can also be held for a long time. [0056] In order to further reduce
off-state current or leakage current of the second  20 transistor (Tr2)
when the connection state is held, the potential of the gate electrode of
the second transistor (Tr2) may be set to be the lowest among the
programming cells. Specifically, it is preferable that the potential of the
gate electrode of the second transistor (Tr2) be lower than any other
potentials by greater than or equal to 3 V, more preferably greater than or
equal to 5 V among potentials of electrodes and terminals 25included in all
circuit elements which form the programming cells such as a transistor, a
capacitor, or a resistor. [0057]         A channel formation region of the
first transistor (Tr) or the third transistor (Tr3) may include a
semiconductor material whose band gap is wider than that of a 30silicon
semiconductor and whose intrinsic carrier density is lower than that of
silicon in a manner similar to that of the second transistor (Tr2), or
unlike the second transistor  WO 2011/089808PCT/JP2010/072839 18 (Tr2), the
channel formation region of the first transistor (Tr) or the third
transistor (Tr3) may include a semiconductor material which has higher
mobility. As examples of a semiconductor material having high mobility,
germanium, silicon, and silicon germanium which have crystallinity such as
polycrystalline or single crystal, and single  5 crystal silicon carbide
can be given. The first transistor (Tr) or the third transistor (Tr3) may
be formed using a semiconductor thin film, or may be formed using a bulk
semiconductor substrate. 



[0058] In the former case, since the first transistor (Tr) or the third
transistor (Tr3)  10 has low off-state current or low leakage current
similar to that of the second transistor (Tr2), power consumption of a
semiconductor device can be further reduced. In particular, in the case of
using the programming cell which controls the supply of the power supply
potential VDD to the basic block, a field-effect mobility of the first
transistor (Tr) of approximately 10 cm2V-1s-1 is sufficient for operation
and not so high  15 operating speed is required. Off-state current or
leakage current generated in the programming cell which controls the supply
of the power supply potential VDD to the basic block directly leads to an
increase in power consumption. Therefore, in the case of using the
programming cell which controls the supply of the power supply potential
VDD to the basic block, the former structure is preferably adopted.
20[0059]         In the latter case, the mobility of the first transistor
(Tr) increases; therefore, resistance between the nodes connected with the
first transistor (Tr) can be reduced. In particular, in the case of using
the programming cell for controlling a connection between the basic blocks,
high connection resistance between the basic blocks leads to a  25 decrease
in operating speed of a semiconductor device. Therefore, in the case of
using the programming cell for controlling a connection between the basic
blocks, the latter structure is preferably adopted. Note that when the
channel formation region of the first transistor (Tr) includes a
semiconductor material which has higher mobility, the thickness of the gate
insulating film is preferably greater than or equal to 10 nm in order 30to
reduce off-state current or leakage current. [0060]  WO
2011/089808PCT/JP2010/072839 19 the first transistor (Tr), and the third
transistor (Tr3) has the same semiconductor material, the first transistor
(Tr) and the third transistor (Tr3) may be formed in the same layer as the
second transistor (Tr2). In that case, the thickness of each of the gate
insulating film of the first transistor (Tr) and the third transistor (Tr3)
is the same as  5 that of the second transistor (Tr2) in design; however,
the channel length or the channel width of the first transistor (Tr) and
the third transistor (Tr3) may be different from that of the second
transistor (Tr2). For example, when the channel formation region of the
first transistor (Tr) is desired to have low resistance, the channel width
may be twice or more as large as that of the second transistor (Tr2),
preferably five or more times as 10large as that of the second transistor
(Tr2). [0061]         Further, the first transistor (Tr) may be formed by a
non-self-aligned method. By the non-self-aligned method, although parasitic
capacitance occurs due to overlap of the gate electrode and the source
electrode or the drain electrode, not so high speed 



15 operation is required for the first transistor (Tr), and the above
parasitic capacitance does not become a problem. Instead, the above
parasitic capacitance functions as the capacitor (Cs) which holds the
potential of the gate electrode of the first transistor (Tr). On the other
hand, the parasitic capacitance of the second transistor (Tr2) is
preferably low in order to prevent generation of a change in the potential
of the gate electrode of 20the first transistor (Tr) in switching. [0062]
Even when the same semiconductor material as that of the transistor which
forms the basic block is used for the first transistor (Tr), the thickness
of the gate insulating film is preferably larger than that of the
transistor which forms the basic  25 block in order to reduce leakage
current of the first transistor (Tr). In that case, the first transistor
(Tr) may be formed by the non-self-aligned method, and a conductive film
formed in a layer which is different from that of the transistor used for
the basic block may be used as the gate electrode. [0063] 30Note that in
FIGS. 2A to 2C, the first transistor (Tr), the second transistor (Tr2), and
the third transistor (Tr3) each have the gate electrode only on one side of
the semiconductor film. However, one embodiment of the present invention is
not limited  WO 2011/089808PCT/JP2010/072839 20 to this structure, and the
above transistors may have a back gate electrode which is opposite to the
side of the gate electrode with the semiconductor film interposed
therebetween. In that case, the back gate electrode may be electrically
insulated to be in a floating state, or may be in a state where the back
gate electrode is supplied with a  5 potential. In the latter case, the
gate electrode may be electrically connected to the back gate electrode, or
a fixed potential such as a ground potential may be always applied only to
the back gate electrode. The level of the potential applied to the back
gate electrode is controlled, whereby threshold voltage of the transistor
can be controlled. 10[0064]         The programming cell which can be used
for the semiconductor device is not limited to the circuit configuration
illustrated in FIGS. 2A to 2C. The programming cell may include at least
the first transistor for controlling a connection between two nodes and the
second transistor for controlling the supply of the potential to the gate
15 electrode of the above first transistor, and the channel formation
region of the second transistor may include a semiconductor material such
as an oxide semiconductor having a band gap which is approximately three
times as large as that of silicon. 



[0065]          Next, an operation of a semiconductor device when a
plurality of basic blocks 20is arbitrarily connected using programming
cells having the above structure will be described. [0066]        In the
semiconductor device illustrated in FIG. 1, a connection between all the
basic blocks is cut, and the supply of the power supply voltage to all the
basic blocks is  25 stopped. From the state illustrated in this FIG. 1, a
state in which the basic blocks are connected when some of the programming
cells are on is illustrated in FIG. 3. Specifically, in FIG. 3, when the
programming cell SwAB, the programming cell SwBC, the programming cell
SwCF, and the programming cell SwFI are turned on, the output terminal of
the basic block A is connected to the input terminal of the basic block B,
the  30 output terminal of the basic block B is connected to an input
terminal of the basic block C, an output terminal of the basic block C is
connected to an input terminal of the basic block F, and an output terminal
of the basic block F is connected to an input terminal of  the basic block
I. When the programming cell SwVA, the programming cell SwVB, the
programming cell SwVC, the programming cell SwVF, and the programming cell
SwVI are turned on, the power supply potential VDD is applied to the basic
block A, the basic block B, the basic block C, the basic block F, and the
basic block I. Then, all the  5 programming cells except the above
programming cells are off. As a result, as illustrated in FIG. 3, a path of
a signal from an input terminal (IN) of a semiconductor device to the basic
block A, the basic block B, the basic block C, the basic block F, and the
basic block I is formed. Then, a first signal processing is performed in
each of the above basic blocks, whereby a signal is output from an output
terminal (OUT). 10[0067]        In the state illustrated in FIG. 3, when a
second signal processing is performed after the first signal processing is
performed on the input signal and an output signal is obtained, a
connection between the basic blocks is changed. The change of the
connection between the basic blocks is preferably performed after the all
the 15 programming cells are cut once. [0068]        An example of a
connection state between the basic blocks when the second signal processing
is performed is illustrated in FIG. 4. Specifically, in FIG. 4, when the
programming cell SwAD, the programming cell SwDE, the programming cell
SwEH, 20 and the programming cell SwHI are turned on, the output terminal
of the basic block A is connected to an input terminal of the basic block
D, an output terminal of the basic block D is connected to an input
terminal of the basic block E, an output terminal of the basic block E is
connected to an input terminal of the basic block H, and an output terminal
of the basic block H is connected to the input terminal of the basic block
I. 



25 When the element SwVA, the programming cell SwVD, the programming cell
SwVE, the programming cell SwVH, and the programming cell SwVI are turned
on, the power supply potential VDD is applied to the basic block A, the
basic block D, the basic block E, the basic block H, and the basic block I.
Then, all the programming cells except the above programming cells are off.
As a result, as illustrated in FIG. 4, a path of a signal  30 from the
input terminal (IN) of a semiconductor device to the basic block A, the
basic block D, the basic block E, the basic block H, and the basic block I
is formed. Then, the second signal processing is performed in each of the
above basic blocks, whereby a  WO 2011/089808PCT/JP2010/072839 22 signal is
output from the output terminal (OUT). [0069]         Also in the case
where a third signal processing is performed, it is preferable to change a
connection between the basic blocks after all the programming cells are cut
5 once. An example of a connection state between the basic blocks in
performing the third signal processing is illustrated in FIG. 5.
Specifically, in FIG. 5, when the programming cell SwAD, the programming
cell SwDG, the programming cell SwGH, the programming cell SwHE, the
programming cell SwEF, and the programming cell SwFI are turned on, the
output terminal of the basic block A is connected to the input  10 terminal
of the basic block D, the output terminal of the basic block D is connected
an input terminal of the basic block G, an output terminal of the basic
block G is connected to the input terminal of the basic block H, the output
terminal of the basic block H is connected to the input terminal of the
basic block E, the output terminal of the basic block E is connected to the
input terminal of the basic block F, and the output terminal  15 of the
basic block F is connected to the input terminal of the basic block I. When
the programming cell SwVA, the programming cell SwVD, the programming cell
SwVG, the programming cell SwVH, the programming cell SwVE, the programming
cell SwVF, and the programming cell SwVI are turned on, the power supply
potential VDD is applied to the basic block A, the basic block D, the basic
block E, the basic block F, the  20 basic block G, the basic block H, and
the basic block I. Then, all the programming cells except the above
programming cells are off. As a result, as illustrated in FIG. 5, a path of
a signal from the input terminal (IN) of a semiconductor device to the
basic block A, the basic block D, the basic block G, the basic block H, the
basic block E, the basic block F, and the basic block I is formed. Then,
the third signal processing is  25 performed in each of the above basic
blocks, whereby a signal is output from the output terminal (OUT). [0070]
Note that the time required for performing a configuration process
(switching of the programming cells is controlled to form a circuit) is
small enough to be ignored,  30 as long as a circuit configuration as
illustrated in FIG. 3 is used, depending on the size of a matrix formed
using the basic blocks and the programming cells. For example, the above
time needed per basic blocks of one row is less than or equal to 100  



WO 2011/089808PCT/JP2010/072839 23 nanoseconds. If a matrix formed using
the basic blocks of three rows as illustrated FIG. 1 is used, the above
time is less than 1 microsecond. [0071] In one embodiment of the present
invention, the supply of the power supply  5 voltage to the basic block
which does not contribute to the circuit configuration is stopped, so that
power consumption of a semiconductor device can be reduced. In particular,
in a semiconductor device having a channel length of less than or equal to
50 nm, the thickness of a gate insulating film is less than or equal to
several nanometers, and leakage current flowing through the gate insulating
film accounts for substantial 10amount of power consumption; therefore, the
above structure is effective in decreasing power consumption. [0072]
In one embodiment of the present invention, when the connection between the
basic blocks is controlled by a transistor with extremely low off-state
current or  15 extremely low leakage current, leakage current or off-state
current which flows between the basic block to which the power supply
voltage is applied and the basic block to which the power supply voltage is
not applied can be reduced, and power consumption of a semiconductor device
can be reduced. [0073] 20Degradation of the gate insulating film in the
programming cell having the above structure due to tunneling current can be
reduced when compared to that in a conventional programming cell formed
using the EEPROM; therefore, a semiconductor device in which the number of
times of rewriting data can increase can be provided. [0074] 25In the
programming cell having the above structure, the operating voltage which is
needed for writing of data is approximately determined by the operating
voltage of the second transistor (Tr2). Accordingly, a semiconductor device
in which the above operating voltage can be significantly reduced and power
consumption can be suppressed as compared to the conventional programming
cell formed using the 



30 EEPROM can be provided. [0075]  WO 2011/089808PCT/JP2010/072839 24
having the above structure can hold a connection state to some extent even
when the power supply voltage is not always supplied to the programming
cell. In addition, data is held using a transistor with remarkably low
off-state current. Therefore, a semiconductor device in which power
consumption can be reduced can be provided. 5[0076] (Embodiment 2)
In Embodiment 1, the example in which a given basic block can be connected
to up to four adjacent basic blocks is described; however, in this
embodiment, an example in which a given basic block is connected to eight
adjacent basic blocks will be 10described. [0077]         In a manner
similar to that of FIG. 1, a semiconductor device illustrated in FIG. 6 is
provided with nine basic blocks A to I, programming cells which control
connections between the basic blocks A to I, and programming cells which
control the 15 supply of the power supply potential VDD to each of the
basic blocks A to I. [0078]         Unlike FIG 1, in the semiconductor
device illustrated in FIG. 6, the central basic block E can be connected to
all the basic blocks except the basic block E, via programming cells SwAE
to SwIE and programming cells SwEA to SwEI. 20[0079]         Note that in
FIG. 6, only the programming cells SwAE to SwIE which control connections
between the central basic block E and the other basic blocks, the
programming cells SwEA to SwEI which control connections between the
central basic block E and the other basic blocks, and the programming cell
SwVE which controls the  25 supply of the power supply potential VDD to the
basic block E are illustrated. However, connections between the basic block
A and the basic block B, between the basic block B and the basic block C,
between the basic block C and the basic block F, between the basic block F
and the basic block I, between the basic block A and the basic block D,
between the basic block D and the basic block G, between the basic block G 



30 and the basic block H, and between the basic block H and the basic block
I can be controlled by the programming cells in a manner similar to that of
FIG. 1. In addition, the supply of the power supply potential VDD to the
basic block A, the basic block B,  WO 2011/089808PCT/JP2010/072839 25 the
basic block C, the basic block D, the basic block F, the basic block G, the
basic block H, and the basic block I can be controlled by the programming
cells in a manner similar to that of FIG. 1. [0080] 5Note that the
structure described in Embodiment 1 can be used for the programming cells.
[0081]         As illustrated in FIG. 6, the number of basic blocks which
can be connected to a given basic block can be set by a designer, as
appropriate. 10[0082]         This embodiment can be implemented by being
combined as appropriate with the above embodiment. [0083] (Embodiment 3)
15A semiconductor device in which a large matrix is formed using basic
blocks will be described using an example which is more generalized. [0084]



In this embodiment, attention is paid on a basic block U(n, m) of the n-th
row and the m-th column included in the semiconductor device. As
illustrated in FIG. 7,  20 around the basic block U(n, m), there are eight
basic blocks: U(n-1, m-1); U(n, m-1); U(n+1, m-1); U(n-1, m); U(n+1, m);
U(n-1, m+1); U(n, m+1); and U(n+1, m+1). The basic block U(n, m) is
connected to these eight basic blocks via programming cells in order to
transmit and receive signals. [0085] 25In FIG. 8, an example of a specific
structure of a programming cell for controlling connections between the
basic blocks illustrated in FIG 7 and a programming cell for controlling
the supply of the power supply potential VDD to each basic block is
illustrated. [0086] 30Note that an example in which the programming cell
illustrated in FIG. 2A is used is described in FIG. 8; however, any of the
programming cells illustrated in FIGS.  WO 2011/089808PCT/JP2010/072839 26
2B and 2C may be used. The structure of the programming cell is not limited
to the circuit configurations illustrated in FIGS. 2A to 2C. The structure
of the programming cell may include at least a first transistor for
controlling a connection between two nodes and a second transistor for
controlling the supply of a potential to a gate electrode  5 of the above
first transistor and a channel formation region of the second transistor
may include a semiconductor material such as an oxide semiconductor having
a band gap which is approximately three times as large as that of silicon.
[0087] In FIG. 8, a transistor which is used for the programming cell and
whose  10 channel formation region includes a semiconductor material such
as an oxide semiconductor is illustrated using a symbol in which a circle
is added to a normal transistor symbol in order to be distinguished from
another transistor. [0088] 



The semiconductor device illustrated in FIG. 8 includes signal lines for
15controlling an operation of the programming cells as well as the above
basic blocks. [0089]         Specifically, an example, in which five data
signal lines Y1, Y2, Y3, Y4, and Y5 per one column and two scan signal
lines X1 and X2 per one row in a matrix are used as signal lines, is
illustrated in FIG. 8; however, a structure in which one scan 20 signal
line per one row and nine data signal lines per one column are used may be
employed. When the number of scan signal lines is reduced, the time for
performing a configuration process can be shortened. [0090] Note that in
FIG. 8, five data signal lines of the (n-1)-th column are Y1n-1, 25Y2,1,
Y3,1, Y4,1, and Y5"_1, whereas five data signal lines of the n-th column
are Yin, Y2n, Y3n, Y4n, and Y5n. In addition, two scan signal lines of the
(m-1)-th row are X1,,,_i and X21, whereas two scan signal lines of the m-th
row are XL, and [0091]          In order to reduce the total number of
signal lines, the number of scan signal 30lines and data signal lines may
be set in accordance with the basic blocks which form a matrix. For
example, as illustrated in FIG. 8, when five data signal lines per one  WO
2011/089808PCT/JP2010/072839 27 column and two scan signal lines per one
row are provided, approximately (2N + 5M) signal lines are needed in total
for the semiconductor device including the basic blocks of N rows and M
columns. On the other hand, when nine data signal lines per one column and
one scan signal line per one row are used, approximately (N + 9M) signal 



5 lines are needed in total for the semiconductor device including the
basic blocks of N rows and M columns. Accordingly, if a semiconductor
device where the relation N < 4M is satisfied is used, the adoption of the
former structure rather than the latter structure can reduce the total
number of signal lines. On the other hand, if a semiconductor device where
N > 4M is satisfied is used, the adoption of the latter 10structure rather
than the former structure can reduce the total number of signal lines.
[0092]         In the semiconductor device described in this embodiment, a
power supply potential is supplied using the data signal line Y5. The data
signal line Y5 (Y51, Y59,   , Y5_1, Y5, ...) transmits a signal for
controlling switching of a first transistor 801  15 included in each basic
block to the first transistor 801 included in the programming cells for
supplying a power supply potential. Then, in a manner similar to that of
another data signal line and another scan signal line, a signal is not
needed to transmit to the data signal line Y5 in a period in which the
configuration process is not performed. Accordingly, in that period, a
power supply potential can be supplied to each basic 20block from the data
signal line Y5. [0093]         Note that in FIG. 8, the example in which
only one input terminal and only one output terminal are provided for each
basic block is described; however, a basic block including a plurality of
input terminals or a plurality of output terminals may be used. 25[0094]
Next, an example of an operation of the semiconductor device illustrated in
FIG. 8 is described. A timing chart of a signal input to each signal line
of the semiconductor device illustrated in FIG. 8 is shown in FIG. 9A.
[0095] 30As illustrated in FIG. 9A, signals each having a pulse are
sequentially applied to the scan signal lines X1,,_1, X2",_1, Xlm, and X2"1
so as to have different timing. In  WO 2011/089808PCT/JP2010/072839 



28 FIG. 9A, only a potential of a signal applied to the scan signal line
Xl,n_i is represented by a solid line, and a potential of a signal applied
to the scan signal lines X2,"i, and X2,n is represented by a dotted line.
In FIG. 9A, the potential of a signal is kept to be negative in a period
other than a period in which a positive potential pulse is applied.
Accordingly, when a signal having a pulse is applied to each scan signal
line, the second transistor whose gate electrode is connected to the scan
signal line is turned on. [0096]         Then, in accordance with timing
when a pulse is applied to each scan signal line, selection signals are
applied to the data signal lines Y1,1, Y2,1, Y3,1, Y4,1, 10 Y5"_1, Yl",
Y2", Y3", Y4n, and Y5n. The selection signal applied to each data signal
line is input to a gate electrode of the first transistor provided at an
intersection of the scan signal line and the data signal line via the
second transistor which is turned on. Then, in accordance with a potential
of this selection signal, switching of the above first transistor is
controlled. 15[0097]         For example, in order to connect the basic
blocks illustrated in FIG. 8 in order of U(n-1, m-1), U(n, m), U(n, m+1),
U(n-1, m), U(n, m-1), and U(n+1, m), a pulse may be applied to each signal
line in accordance with the timing chart illustrated in FIG. 9A. 20[0098]
Specifically, first, a pulse is applied to the data signal line Y4"_1 in
accordance with timing when a pulse is applied to the scan signal line
Xl",_i. Then, the first transistor at an intersection of the scan signal
line Xl,n_i and the data signal line Y4"1 is turned on. The first
transistor is a switch which controls a connection between an 25 output
terminal of the basic block U(n-1, m) and an input terminal of the basic
block U(n, m-1). Accordingly, when the above first transistor is turned on,
a path of a signal from the basic block U(n-1, m) to the basic block U(n,
m-1) is formed. [0099]          Next, pulses are applied to the data signal
lines Y2"_1, Y5,1, Y2n, and Y5n in 30accordance with timing when a pulse is
applied to the scan signal line X2",_1; then, the first transistors at
respective intersections are turned on. Of these, the first transistor at
WO 2011/089808PCT/JP2010/072839 



29 the intersection of the scan signal line X2,n_i and the data signal line
Y2n_1 is a switch which controls a connection between an output terminal of
the basic block U(n-1, m-1) and an input terminal of the basic block U(n,
m). In addition, the first transistor at the intersection of the scan
signal line X2,_1 and the data signal line Y5,_1 is a switch which  5
controls the supply of a power supply potential to the basic block U(n, m),
and the first transistor at the intersection of the scan signal line
X2,71_1 and the data signal line Y5n is a switch which controls the supply
of a power supply potential to the basic block U(n+1, m). Further, the
first transistor at the intersection of the scan signal line X2m_1 and the
data signal line Y2" is a switch which controls a connection between an
output terminal  10 of the basic block U(n, m-1) and an input terminal of
the basic block U(n+1, m). Accordingly, when the above first transistors
are turned on, a path of a signal from the basic block U(n-1, m-1) to the
basic block U(n, m) and a path of a signal from the basic block U(n, m-1)
to the basic block U(n+1, m) are formed. Further, a power supply potential
is supplied to the basic blocks U(n, m) and U(n+1, m). 15[0100]
Next, a pulse is applied to the data signal line Y2n_1 in accordance with
timing when a pulse is applied to the scan signal line X17. Then, the first
transistor at an intersection of the scan signal line Xlm and the data
signal line Y2n_1 is turned on. The first transistor is a switch which
controls a connection between an output terminal of the  20 basic block
U(n, m+1) and an input terminal of the basic block U(n-1, m). Accordingly,
when the above first transistor is turned on, a path of a signal from the
basic block U(n, m+1) to the basic block U(n-1, m) is formed. [0101] Next,
pulses are applied to the data signal lines Y5n_1 and Yl" in accordance  25
with timing when a pulse is applied to the scan signal line X2,,,; then,
the first transistors at respective intersections are turned on. Of these,
the first transistor at the intersection of the scan signal line X2m and
the data signal line Y1,, is a switch which controls a connection between
an output terminal of the basic block U(n, m) and an input terminal of the
basic block U(n, m+1). The first transistor at the intersection of the scan
signal 30line X2m and the data signal line Y5n_1 is a switch which controls
the supply of a power  WO 2011/089808PCT/JP2010/072839 30 supply potential
to the basic block U(n, m+1). Accordingly, when the above first transistor
is turned on, a path of a signal from the basic block U(n, m) to the basic
block U(n, m+1) is formed and a supply path of a power supply potential to
the basic block U(n, m+1) is formed. 5[0102]         When the above
operations are performed, the path of a signal from the basic block U(n-1,
m-1) to the basic block U(n, m), the path of a signal from the basic block
U(n, m) to the basic block U(n, m+1), the path of a signal from the basic
block U(n, m+1) to the basic block U(n-1, m), the path of a signal from the
basic block U(n-1, m) 



10 to the basic block U(n, m-1), and the path of a signal from the basic
block U(n, m-1) to the basic block U(n+1, m) are formed, and the supply
paths of power supply potentials to the basic blocks U(n, m+1), U(n, m),
and U(n+1, m) are formed. [0103]           Although not illustrated in the
timing chart of FIG. 9A, supply paths of power 15supply potentials to the
basic blocks U(n-1, m-1), U(n, m-1), and U(n-1, m) besides the basic blocks
U(n, m+1), U(n, m), and U(n+1, m) are formed. [0104]         As described
above, a connection between the basic blocks and the supply of a power
supply potential are set by scanning of each scan signal line; therefore,
as the  20 number of scan signal lines increases, a longer time for setting
is required. Note that the scan time per one scan signal line, namely, the
time when a pulse is applied to the scan signal line, is less than or equal
to 100 nanoseconds. Therefore, even when a semiconductor device includes
1000 scan signal lines, the time when all the scan signal lines are scanned
is less than 1 millisecond. 25[0105]        As described above, after a
connection between the basic blocks and the supply of a power supply
potential are set, a power supply potential is supplied to the data signal
line Y5 (Y51, Y52, Y5"_1, Y5,, ...). A power supply potential is supplied
from the above data signal line to the basic block provided with the supply
path of a 30power supply potential via the first transistor; therefore, an
arithmetic process can be performed.  WO 2011/089808PCT/JP2010/072839 31
[0106]         Next, an operation of the semiconductor device illustrated
in FIG. 8 will be described using another example. In FIG. 9B, a timing
chart of a signal input to each signal line of the semiconductor device
illustrated in FIG. 8 is shown. 



5[0107]         As illustrated in FIG. 9B, signals each having a pulse are
sequentially supplied to the scan signal lines Xlm-i, X2m-i, Xlm, and X2"1
so as to have different timing. Also in FIG. 9B, only a potential of a
signal applied to the scan signal line Xl,n_i is illustrated by a solid
line, and potentials of signals applied to the scan signal lines X2m-i,  10
Xlm, and X2n, are illustrated by dotted lines. In FIG 9B, the potential of
a signal is also kept to be negative in a period other than a period in
which a positive potential pulse is applied. Accordingly, when a signal
having a pulse is applied to each scan signal line, the second transistor
whose gate electrode is connected to the scan signal line is turned on.
15[0108]         In FIG. 9B, a pulse is not applied to a data signal line
in a period in which a pulse is applied to the scan signal line X1",_1.
Next, a pulse is applied to the data signal lines Y5"_1, Y3", and Y4,, in
accordance with timing when a pulse is applied to the scan signal line
X2",_1; then, the first transistors at respective intersections are turned
20on. [0109]         Of these, the first transistor at the intersection of
the scan signal line X2m_i and the data signal line Y5"_1 is a switch which
controls the supply of a power supply potential to the basic block U(n, m).
Further, the first transistor at the intersection of  25 the scan signal
line X2m_i and the data signal line Y3" is a switch which connects the
output terminal of the basic block U(n, m-1) and an input terminal of the
basic block U(n+1, m-1). The first transistor at the intersection of the
scan signal line X2m_i and the data signal line Y4n is a switch which
connects an output terminal of the basic block U(n+1, m-1) and the input
terminal of the basic block U(n, m). When the above first 30transistors are
turned on, a path of a signal from the basic block U(n, m-1) to the basic
block U(n+1, m-1) and a path of a signal from the basic block U(n+1, m-1)
to the basic  WO 2011/089808PCT/JP2010/072839 32 block U(n, m) are formed,
and a supply path of a power supply potential to the basic block U(n, m) is
formed. [0110] Next, a pulse is applied to the data signal line Y3"_1 in
accordance with timing 



5 when a pulse is applied to the scan signal line Xi,; then, the first
transistor is turned on at an intersection of the scan signal line X1n, and
the data signal line Y3,_1. The first transistor is a switch which controls
a connection between the output terminal of the basic block U(n, m) and the
input terminal of the basic block U(n-1, m). Accordingly, when the above
first transistor is turned on, a path of a signal from the basic block U(n,
10 m) to the basic block U(n-1, m) is formed. [0111]         Next, a pulse
is applied to the data signal line Y1n_1 in accordance with timing when a
pulse is applied to the scan signal line X2,1; then, the first transistor
at the intersection of the scan signal line X2n, and the data signal line
Y1n_1 is turned on. The  15 first transistor at the intersection is a
switch which controls a connection of the output terminal of the basic
block U(n-1, m) and an input terminal of the basic block U(n-1, m+1). As
described above, a path of a signal from the basic block U(n-1, m) to the
basic block U(n-1, m+1) can be formed. [0112] 20When the above operations
are performed, a path of a signal from the basic block U(n, m-1) to the
basic blocks U(n+1, m-1), U(n, m), U(n-1, m), and U(n-1, m+1) in that order
is formed, and the supply path of a power supply potential to the basic
block U(n, m) is formed. Although not illustrated in the timing chart of
FIG. 9B, supply paths of power supply potentials to the basic blocks U(n,
m-1), U(n+1, m-1), 25and U(n-1, m) besides the basic block U(n, m) are
formed. [0113]        This embodiment can be implemented by being combined
as appropriate with any of the above embodiments. [0114] 30 (Embodiment 4)
In this embodiment, a method for manufacturing a second transistor which is
WO 2011/089808PCT/JP2010/072839 33 



used for a programming cell and which is formed using an oxide
semiconductor will be described. Note that in this embodiment, the method
for manufacturing the second transistor using an oxide semiconductor is
described taking the programming cell in FIG. 2B as an example; however, a
programming cell having another circuit configuration 5can also be formed
using the manufacturing method described in this embodiment. [0115]
A first transistor and a third transistor can be formed using a normal CMOS
process in which germanium, silicon, silicon germanium, single crystal
silicon carbide, or the like is used. Also, the first transistor and the
third transistor may be formed  10 using a semiconductor thin film or a
bulk semiconductor substrate. In this embodiment, the case where the second
transistor formed using an oxide semiconductor is formed over the first
transistor and the third transistor which are formed using an SOI (Silicon
on Insulator) substrate is given as an example, and a manufacturing method
thereof is described. 15[0116]         First, as illustrated in FIG. 10A, a
first transistor 501 and a third transistor 502 are formed using an SOI
substrate. Specifically, the first transistor 501 is an n-channel
transistor formed using a single crystal silicon film 503 over a substrate
500 having an insulating surface, and the third transistor 502 is a
p-channel transistor formed using a  20 single crystal silicon film 504
over the substrate 500 having an insulating surface. A gate insulating film
of each of the first transistor 501 and the third transistor 502 is 10 nm
to 100 nm, inclusive, and a channel length of each of the first transistor
501 and the third transistor 502 is 100 nm to 500 nm, inclusive. The
channel length of the first transistor 501 may be different from that of
the third transistor 502. 25[0117]         Next, a second transistor is
formed using an oxide semiconductor over the first transistor 501 and the
third transistor 502. [0118] First, as illustrated in FIG. 10A, an
insulating film 505, an insulating film 506,  30 and an insulating film 507
are sequentially formed so as to cover the first transistor 501 and the
third transistor 502. Note that in this embodiment, the example in which
the first transistor 501 and the third transistor 502 are covered with
three films, the  WO 2011/089808PCT/JP2010/072839 34 insulating film 505,
the insulating film 506, and the insulating film 507 is described; however,
the number of insulating films provided between the first transistor 501
and the second transistor and between the third transistor 502 and the
second transistor is not necessarily three, and one insulating film, two
insulating films, or four or more insulating films may be formed. 



[0119]         The insulating film 505, the insulating film 506, and the
insulating film 507 are formed using materials which can withstand a
temperature of heat treatment in a later manufacturing step. Specifically,
it is preferable to use silicon oxide, silicon nitride, 10 silicon nitride
oxide, silicon oxynitride, aluminum nitride, aluminum oxide, or the like
for the insulating film 505, the insulating film 506, and the insulating
film 507. Also, in this specification, an oxynitride compound denotes a
material containing a higher quantity of oxygen than that of nitrogen, and
a nitride oxide compound denotes a material containing a higher quantity of
nitrogen than that of oxygen. 15[0120]         A surface of the insulating
film 507 may be planarized by a chemical mechanical polishing (CMP) method
or the like. [0121]              Next, as illustrated in FIG. 10B, a gate
electrode 601 and electrodes 602 are 20formed over the insulating film 507.
[0122]         The gate electrode 601 and the electrodes 602 can be formed
to have a single-layer structure or a stacked structure using one or more
conductive films using a metal material such as molybdenum, titanium,
chromium, tantalum, tungsten, 25 neodymium, or scandium; an alloy material
which contains any of these metal materials as its main component; or a
nitride which contains any of these metals. Note that aluminum or copper
can also be used as such metal materials if aluminum or copper can
withstand a temperature of heat treatment performed in a later process.
Aluminum or copper is preferably combined with a refractory metal material
so as to prevent a heat 30 resistance problem and a corrosion problem. As
the refractory metal material, molybdenum, titanium, chromium, tantalum,
tungsten, neodymium, scandium, or the like can be used.  WO
2011/089808PCT/JP2010/072839 35 [0123]         For example, as a two-layer
structure of the gate electrode 601 and the electrodes 602, the following
structures are preferable: a two-layer structure in which a molybdenum film
is stacked over an aluminum film, a two-layer structure in which a  5
molybdenum film is stacked over a copper film, a two-layer structure in
which a titanium nitride film or a tantalum nitride film is stacked over a
copper film, and a two-layer structure in which a titanium nitride film and
a molybdenum film are stacked. As a three-layer structure of the gate
electrode 601 and the electrodes 602, the following structure is
preferable: a stacked structure containing an aluminum film, an alloy film
of 



10 aluminum and silicon, an alloy film of aluminum and titanium, or an
alloy film of aluminum and neodymium in a middle layer and any of a
tungsten film, a tungsten nitride film, a titanium nitride film, and a
titanium film in a top layer and a bottom layer. [0124] Further, a
light-transmitting oxide conductive film of indium oxide, an alloy of
15indium oxide and tin oxide (In203-Sn02, abbreviated to ITO), an alloy of
indium oxide and zinc oxide, zinc oxide, zinc aluminum oxide, zinc aluminum
oxynitride, zinc gallium oxide, or the like can be used as the gate
electrode 601 and the electrodes 602. [0125] The thickness of each of the
gate electrode 601 and the electrodes 602 is in the 20 range of 10 nm to
400 nm, preferably 100 nm to 200 nm. In this embodiment, after the
conductive film for the gate electrode is formed to have a thickness of 150
nm formed by a sputtering method using a tungsten target, the conductive
film is processed (patterned) into a desired shape by etching, whereby the
gate electrode 601 and the electrodes 602 are formed. Note that when end
portions of the formed gate electrode  25 are tapered, coverage with a gate
insulating film stacked thereover is improved, which is preferable. 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. [0126] 30Next, as illustrated in FIG. 10C, a gate
insulating film 603 is formed over the gate electrode 601 and the
electrodes 602. The gate insulating film 603 is formed using a film having
a single layer or a stacked layer which includes a silicon oxide film,  WO
2011/089808PCT/JP2010/072839 36 a silicon nitride film, a silicon
oxynitride film, a silicon nitride oxide film, an aluminum oxide film, an
aluminum nitride film, an aluminum oxynitride film, an aluminum nitride
oxide film, a hafnium oxide film, or a tantalum oxide film by a plasma
enhanced CVD method, a sputtering method, or the like. It is preferable
that the gate insulating film 5  603 include impurities such as moisture or
hydrogen as little as possible. In the case where a silicon oxide film is
formed by a sputtering method, a silicon target or a quartz target is used
as a target and oxygen or a mixed gas of oxygen and argon is used as a
sputtering gas. [0127] 



10The oxide semiconductor that is made to be an i-type oxide semiconductor
or a substantially i-type oxide semiconductor (highly-purified oxide
semiconductor) by removal of impurities is extremely sensitive to an
interface state and an interface electric charge; thus, characteristics of
an interface between the highly-purified oxide semiconductor and the gate
insulating film 603 are important. Therefore, the gate 15  insulating film
(GI) that is in contact with the highly-purified oxide semiconductor needs
to be of high quality. [0128]         For example, a high-density plasma
enhanced CVD using a microwave (frequency: 2.45 GHz) is preferably used, in
which case an insulating film which is 20  dense, has high withstand
voltage, and is of high quality can be formed. The highly-purified oxide
semiconductor and the high-quality gate insulating film are in close
contact with each other, whereby density of interface states can be reduced
and favorable interface characteristics can be obtained. [0129] 25Needless
to say, a different deposition method such as a sputtering method or a
plasma enhanced CVD method can be used as long as a high-quality insulating
film can be formed as a gate insulating film. In addition, any insulating
film can be used as long as film quality and characteristics of an
interface with an oxide semiconductor are modified by heat treatment
performed after deposition. In any case, any insulating 30  film that has a
reduced interface state density of an interface between a gate insulating
film and the oxide semiconductor and can form a favorable interface as well
as having a favorable film quality as the gate insulating film can be used.
[0130]         The gate insulating film 603 may have a structure in which
an insulating film formed using a material having a high barrier property
and an insulating film having low proportion of nitrogen such as a silicon
oxide film or a silicon oxynitride film are  5 stacked. In that case, the
insulating film such as a silicon oxide film or a silicon oxynitride film
is formed between the insulating film having a high barrier property and
the oxide semiconductor film. As the insulating film having a high barrier
property, a silicon nitride film, a silicon nitride oxide film, an aluminum
nitride film, an aluminum nitride oxide film, and the like can be given,
for example. The insulating film having a  10 high barrier property is
used, so that impurities in an atmosphere, such as moisture or hydrogen, or
impurities included in the substrate, such as an alkali metal or a heavy
metal, can be prevented from entering the oxide semiconductor film, the
gate insulating film 603, or the interface between the oxide semiconductor
film and another insulating film and the vicinity thereof. In addition, the
insulating film having low proportion of  15 nitrogen such as a silicon
oxide film or a silicon oxynitride film is formed so as to be in contact
with the oxide semiconductor film, so that the insulating film having a
high barrier property can be prevented from being in contact with the oxide
semiconductor film directly. [0131] 



20For example, a stacked-layer film with a thickness of 100 nm may be
formed as the gate insulating film 603 as follows: a silicon nitride film
(SiNy (y > 0)) with a thickness of 50 nm to 200 nm, inclusive is formed by
a sputtering method as a first gate insulating film, and a silicon oxide
film (SiO, (x > 0)) with a thickness of 5 nm to 300 nm, inclusive is
stacked over the first gate insulating film as a second gate insulating  25
film. The thickness of the gate insulating film 603 may be set as
appropriate depending on characteristics needed for a transistor, and may
be approximately 350 nm to 400 nm. [0132]           In this embodiment, the
gate insulating film 603 having a structure in which a 30silicon oxide film
having a thickness of 100 nm formed by a sputtering method is stacked over
a silicon nitride film having a thickness of 50 nm formed by a sputtering
WO 2011/089808PCT/JP2010/072839 38 method is formed. [0133]         Note
that the gate insulating film is in contact with the oxide semiconductor.
When hydrogen enters the oxide semiconductor, characteristics of the
transistor are 5 adversely affected; therefore, it is preferable that the
gate insulating film do not contain hydrogen, hydroxyl, and moisture. In
order that the gate insulating film 603 contains as little hydrogen,
hydroxyl, and moisture as possible, it is preferable that an impurity
adsorbed on the substrate 500, such as moisture or hydrogen, be eliminated
and removed by preheating the substrate 500, over which the gate electrode
601 and the 10 electrodes 602 are formed, in a preheating chamber of a
sputtering apparatus, as a pretreatment for film formation. The temperature
for the preheating is 100 C to 400 C, inclusive, preferably, 150 C to 300
C, inclusive. As an exhaustion unit provided in the preheating chamber, a
cryopump is preferable. Note that this preheating treatment can be omitted.
15[0134]         Next, over the gate insulating film 603, an oxide
semiconductor film having a thickness of 2 nm to 200 nm, inclusive,
preferably 3 nm to 50 nm, inclusive, more preferably 3 nm to 20 nm,
inclusive is formed. The oxide semiconductor film is formed by a sputtering
method using an oxide semiconductor target. Moreover, the 



20 oxide semiconductor film can be formed by a sputtering method under a
rare gas (e.g., argon) atmosphere, an oxygen atmosphere, or a mixed
atmosphere of a rare gas (e.g., argon) and oxygen. [0135] Note that before
the oxide semiconductor film is formed by a sputtering 25 method, dust
attached to a surface of the gate insulating film 603 is 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, without
application of the voltage to a target side, an RF power source is used for
application of the voltage to a substrate side under an argon atmosphere to
generate plasma in the vicinity of the substrate to 30modify a surface.
Note that instead of an argon atmosphere, a nitrogen atmosphere, a helium
atmosphere, or the like may be used. Alternatively, an argon atmosphere to
WO 2011/089808PCT/JP2010/072839 39 which oxygen, nitrous oxide, or the like
is added may be used. Further alternatively, an argon atmosphere to which
chlorine, carbon tetrafluoride, or the like is added may be used. [0136]
5As described above, as the oxide semiconductor film, the following oxide
semiconductors can also be used: a quaternary metal oxide such as an
In-Sn-Ga-Zn-O-based oxide semiconductor; a ternary metal oxide such as an
In-Ga-Zn-O-based oxide semiconductor, an In-Sn-Zn-O-based oxide
semiconductor, an In-Al-Zn-O-based oxide semiconductor, a Sn-Ga-Zn-O-based
oxide semiconductor, an 10 Al-Ga-Zn-O-based oxide semiconductor, and a
Sn-Al-Zn-O-based oxide semiconductor; a binary metal oxide such as an
In-Zn-O-based oxide semiconductor, a Sn-Zn-O-based oxide semiconductor, an
Al-Zn-O-based oxide semiconductor, a Zn-Mg-O-based oxide semiconductor, a
Sn-Mg-O-based oxide semiconductor, an In-Mg-O-based oxide semiconductor, an
In-Ga-O-based oxide semiconductor; an 15In-0-based oxide semiconductor; a
Sn-O-based oxide semiconductor; and a Zn-O-based oxide semiconductor. The
above oxide semiconductor may include silicon. [0137] 



Alternatively, oxide semiconductors can be represented by the chemical
formula, InM03(ZnO)", (m > 0). Here, M represents one or more metal
elements 20 selected from Ga, Al, Mn, and Co. [0138]         In this
embodiment, as the oxide semiconductor film, an In-Ga-Zn-0-based oxide
semiconductor thin film with a thickness of 30 nm, which is obtained by a
sputtering method using a target including indium (In), gallium (Ga), and
zinc (Zn), is  25 used. As the above target, for example, a target having a
composition ratio of metals, In:Ga:Zn = 1:1:0.5, In:Ga:Zn = 1:1:1, or
In:Ga:Zn = 1:1:2 can be used. The target may contain Si02 at 2 wt% to 10
wt%, inclusive. The filling rate of the target including In, Ga, and Zn is
90 % to 100 %, inclusive, preferably 95 % to 99.9 %, inclusive. With the
use of the target with high filling rate, a dense oxide semiconductor film
is formed. 30[0139]  WO 2011/089808PCT/JP2010/072839 40 500 as follows: the
substrate is held in the chamber with pressure reduced, residual moisture
in the chamber is removed, a sputtering gas from which hydrogen and
moisture are removed is introduced, and the above target is used. At that
time, the substrate may be heated at 100 C to 600 C, inclusive, preferably
200 C to 400 C,  5 inclusive. Film formation is performed while the
substrate is heated, whereby the concentration of an impurity contained in
the oxide semiconductor film formed can be reduced. In addition, damage due
to sputtering can be reduced. In order to remove residual moisture in the
treatment chamber, an entrapment vacuum pump is preferably used. For
example, a cryopump, an ion pump, or a titanium sublimation pump is  10
preferably used. The evacuation unit may be a turbo pump provided with a
cold trap. In the deposition chamber which is evacuated with the cryopump,
for example, a hydrogen atom, a compound containing a hydrogen atom, such
as water (H20), (more preferably, also a compound containing a carbon
atom), and the like are removed, whereby the concentration of an impurity
contained in the oxide semiconductor film 15 formed in the deposition
chamber can be reduced. [0140]         As one example of the deposition
conditions, the distance between the substrate and the target is 100 mm,
the pressure is 0.6 Pa, the direct-current (DC) power is 0.5 kW, and the
atmosphere is an oxygen atmosphere (the proportion of the oxygen  20 flow
rate is 100 %). Note that a pulsed direct-current (DC) power supply is
preferable because dust generated in deposition can be reduced and the film
thickness can be made uniform. [0141] In order that the oxide semiconductor
film contains as little hydrogen, hydroxyl, 



25 and moisture as possible, it is preferable that an impurity adsorbed on
the substrate 500, such as moisture or hydrogen, be eliminated and removed
by preheating the substrate 500, on which the process up to and including
the step of forming the gate insulating film 603 is already performed, in a
preheating chamber of a sputtering apparatus, as a pretreatment for film
formation. The temperature for the preheating is 100 C to 30400 C,
inclusive, preferably, 150 C to 300 C, inclusive. As an exhaustion unit
provided in the preheating chamber, a cryopump is preferable. Note that
this  WO 2011/089808PCT/JP2010/072839 41 preheating treatment can be
omitted. Further, this preheating may be similarly performed on the
substrate 500 on which the process up to and including the step of forming
a source electrode 608, a drain electrode 609, and wirings 610 to 613 is
already performed, before the formation of an insulating film 614. 5[0142]
Next, as illustrated in FIG. 10C, the oxide semiconductor film is processed
(patterned) into a desired shape by etching or the like, whereby an
island-shaped oxide semiconductor film 605 is formed over the gate
insulating film 603 to overlap with the gate electrode 601. 10[0143]
A resist mask for forming the island-shaped oxide semiconductor film 605
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.
[0144] 15Note that as the etching of the island-shaped oxide semiconductor
film 605, dry etching, wet etching, or both of them may be employed. As an
etching gas for dry etching, a gas containing chlorine (chlorine-based gas
such as chlorine (C12), boron trichloride (BC13), silicon tetrachloride
(SiC14), or carbon tetrachloride (CC14)) is preferably used. Alternatively,
a gas containing fluorine (a fluorine-based gas such as 20carbon
tetrafluoride (CF4), sulfur hexafluoride (SF6), nitrogen trifluoride (NF3),
or trifluoromethane (CHF3)), hydrogen bromide (HBr), oxygen (02), any of
these gases to which a rare gas such as helium (He) or argon (Ar) is added,
or the like can be used. [0145] 



As the dry etching method, a parallel plate RIE (reactive ion etching)
method 25 or an ICP (inductively coupled plasma) etching method can be
used. In order to etch the film into a desired shape, the etching condition
(the amount of electric power applied to a coil-shaped electrode, the
amount of electric power applied to an electrode on a substrate side, the
temperature of the electrode on the substrate side, or the like) is
adjusted as appropriate. 30[0146]  WO 2011/089808PCT/JP2010/072839 42 KANTO
CHEMICAL CO., INC.) may be used. The etchant after the wet etching is
removed together with the etched materials by cleaning. The waste liquid
including the etchant and the material etched off may be purified and the
material may be reused. When a material such as indium contained in the
oxide semiconductor film is collected 5from the waste liquid after the
etching and reused, the resources can be efficiently used and cost can be
reduced. [0147]         Note that it is preferable that reverse sputtering
be performed before the formation of a conductive film in a subsequent step
so that a resist residue or the like 10that is attached to surfaces of the
island-shaped oxide semiconductor film 605 and the gate insulating film 603
is removed. [0148]         Note that it is found that the oxide
semiconductor film formed by sputtering or the like includes large amount
of impurities such as moisture or hydrogen. Moisture  15 and hydrogen
easily form a donor level and thus serve as impurities in the oxide
semiconductor. Thus, in one embodiment of the present invention, in order
to reduce an impurity such as moisture or hydrogen in the oxide
semiconductor film, heat treatment is performed on the oxide semiconductor
film 605 under an atmosphere of nitrogen, oxygen, ultra-dry air (air in
which a water content is less than or equal to 20 20 ppm, preferably less
than or equal to 1 ppm, more preferably less than or equal to 10 ppb), or a
rare gas (argon, helium, or the like). 



[0149]         When heat treatment is performed on the oxide semiconductor
film 605, moisture or hydrogen in the oxide semiconductor film 605 can be
reduced.  25 Specifically, heat treatment may be performed at 300 C to 700
C, inclusive, preferably 300 C to 500 C, inclusive. For example, heat
treatment may be performed at 500 C for approximately three minutes to six
minutes, inclusive. When an RTA method is used for the heat treatment,
dehydration or dehydrogenation can be performed in a short time; therefore,
treatment can be performed even at a temperature higher than the strain
30point of a glass substrate. [0150]  WO 2011/089808PCT/JP2010/072839 43
In this embodiment, an electrical furnace that is one of heat treatment
apparatuses is used. [0151] Note that a heat treatment apparatus is not
limited to an electrical furnace, and  5 may include 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, an RTA
(rapid thermal anneal) apparatus such as a GRTA (gas rapid thermal anneal)
apparatus or an LRTA (lamp rapid thermal anneal) apparatus can be used. An
LRTA apparatus is an apparatus for heating an object to be processed by
radiation of light (an  10 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 gas, an inert gas which does not react with an object to be
processed by heat treatment, such as nitrogen or a rare gas such as argon
is used. 15[0152]         Note that in the heat treatment, it is preferable
that moisture, hydrogen, and the like be not contained in nitrogen or a
rare gas such as helium, neon, or argon. It is preferable that the purity
of nitrogen or the rare gas such as helium, neon, or argon which is
introduced into a heat treatment apparatus be set to be higher than or
equal to  20 6N (99.9999 %), preferably higher than or equal to 7N
(99.99999 %) (that is, the impurity concentration is lower than or equal to
1 ppm, preferably lower than or equal to 0.1 ppm). [0153] 



Through the above steps, the hydrogen concentration in the oxide 25
semiconductor film 605 can be reduced and the oxide semiconductor film 605
can be highly purified. Thus, the oxide semiconductor film can be
stabilized. In addition, heat treatment at a temperature lower than or
equal to the glass transition temperature makes it possible to form an
oxide semiconductor film with a wide band gap in which carrier density is
extremely low. Therefore, a transistor can be manufactured using a  30
large-sized substrate, so that mass productivity can be increased. In
addition, by using the oxide semiconductor film in which the hydrogen
concentration is reduced and purity is improved, it is possible to
manufacture a transistor with high withstand voltage and a  WO
2011/089808PCT/JP2010/072839 44 high on-off ratio. The above heat treatment
can be performed at any time after the oxide semiconductor film is formed.
[0154] When the oxide semiconductor film is heated, plate-like crystals are
formed on  5 the surface thereof depending on a material and heat condition
of the oxide semiconductor film in some cases. The plate-like crystals are
preferably single crystal bodies which are c-axis-aligned in a direction
substantially perpendicular to a surface of the oxide semiconductor film.
Even if the plate-like crystals are not single crystal bodies, each crystal
is preferably a polycrystalline body which is c-axis-aligned in a  10
direction substantially perpendicular to the surface of the oxide
semiconductor film. Further, it is preferable that the polycrystalline
bodies be c-axis-aligned and that the a-b planes of crystals correspond, or
the a-axis or the b-axis of the crystals be aligned with each other. Note
that in the case where a surface of a base of the oxide semiconductor film
is uneven, each plate-like crystal is a polycrystal. Therefore, the surface
of the 15base is preferably as even as possible. [0155]         Next, the
insulating film 505, the insulating film 506, the insulating film 507, and
the gate insulating film 603 are partly etched, whereby contact holes are
formed, the contact holes reaching a pair of impurity regions 606 included
in the first transistor 501,  20 a pair of impurity regions 607 included in
the third transistor 502, a gate electrode 510 included in the first
transistor 501, and a gate electrode 511 included in the third transistor
502. [0156] Note that one of the pair of impurity regions 606 included in
the first transistor 



25501 functions as a source electrode and the other thereof functions as a
drain electrode. In addition, one of the pair of impurity regions 607
included in the third transistor 502 functions as a source electrode and
the other thereof functions as a drain electrode. [0157] Then, a conductive
film to be used for a source electrode and a drain electrode  30 (including
a wiring formed using the same layer as the source electrode and the drain
electrode) is formed by a sputtering method or a vacuum deposition method
so as to cover the oxide semiconductor film 605, and then the conductive
film is patterned by  WO 2011/089808PCT/JP2010/072839 45 etching or the
like, whereby the source electrode 608, the drain electrode 609, and the
wirings 610 to 613 are formed as illustrated in FIG. 11A. [0158] Note that
the source electrode 608 and the drain electrode 609 are in contact 5 with
the oxide semiconductor film 605. The wiring 610 is in contact with one of
the pair of impurity regions 606. The wiring 611 is in contact with the
other of the pair of impurity regions 606 and one of the pair of impurity
regions 607. In addition, the source electrode 608 is also in contact with
the other of the pair of impurity regions 607. The wiring 612 is in contact
with the gate electrode 510 and one of the electrodes 602. 10In addition,
the wiring 613 is in contact with the gate electrode 511 and another one of
the electrodes 602. [0159]         As a material of the conductive film to
form the source electrode 608, the drain electrode 609, the wirings 610 to
613 (including another wiring formed in the same 15  layer as the source
electrode 608, the drain electrode 609, and the wirings 610 to 613), there
are an element selected from Al, Cr, Cu, Ta, Ti, Mo, and W; an alloy
including any of these elements as a component; an alloy film including any
of these elements in combination; and the like. A structure in which a
refractory metal film of Cr, Ta, Ti, Mo, W, or the like is stacked on a
lower side and/or an upper side of a metal film of Al, 



20 Cu, or the like may be used. When an aluminum material to which an
element for preventing generation of hillocks and whiskers in an aluminum
film, such as Si, Ti, Ta, W, Mo, Cr, Nd, Sc, or Y, is added is used, heat
resistance can be increased. [0160] The conductive film may have a
single-layer structure or a stacked structure of 25  two or more layers.
For example, a single-layer structure of an aluminum film including
silicon, a two-layer structure in which a titanium film is stacked over an
aluminum film, a three-layer structure in which a titanium film, an
aluminum film, and a titanium film are stacked in that order, and the like
can be given. [0161] 30The conductive film to be the source electrode 608,
the drain electrode 609, and the wirings 610 to 613 (including another
wiring formed in the same layer as the source electrode 608, the drain
electrode 609, and the wirings 610 to 613) may be  WO
2011/089808PCT/JP2010/072839 46 formed using a conductive metal oxide. As
the conductive metal oxide, indium oxide (In203), tin oxide (Sn02), zinc
oxide (Zn0), an alloy of indium oxide and tin oxide, an alloy of indium
oxide and zinc oxide (1n203-Zn0), or any of the metal oxide materials
including silicon or silicon oxide can be used. 5[0162]         In the case
where heat treatment is performed after formation of the conductive film,
the conductive film preferably has enough heat resistance to withstand the
heat treatment. [0163] 10Note that materials and etching conditions are
adjusted as appropriate so that the oxide semiconductor film 605 is not
removed as much as possible in etching of the conductive film. Depending on
etching conditions, an exposed portion of the island-shaped oxide
semiconductor film 605 may be partly etched, so that a groove (a recessed
portion) is formed in some cases. 



15[0164]        In this embodiment, a titanium film is used for the
conductive film. Therefore, wet etching can be selectively performed on the
conductive film using a solution (ammonia hydrogen peroxide mixture)
containing ammonia and hydrogen peroxide water; however, the oxide
semiconductor film 605 is partly etched in some cases. In  20 addition, as
the ammonia hydrogen peroxide mixture, specifically, a solution in which
hydrogen peroxide water of 31 wt%, ammonia water of 28 wt%, and water are
mixed at a volume ratio of 5:2:2 is used. Alternatively, dry etching may be
performed on the conductive film using a gas containing chlorine (C12),
boron trichloride (BC13), or the like. 25[0165]         In order to reduce
the number of photomasks and steps in a photolithography step, etching may
be performed with the use of a resist mask formed using a multi-tone mask
which is a light-exposure mask through which light is transmitted so as to
have a plurality of intensities. A resist mask formed with the use of a
multi-tone mask has a  30 plurality of thicknesses and further can be
changed in shape by etching; therefore, the resist mask can be used in a
plurality of etching steps for processing into different patterns.
Therefore, a resist mask corresponding to at least two kinds or more of  WO
2011/089808PCT/JP2010/072839 47 different patterns can be formed by one
multi-tone mask. Thus, the number of light-exposure masks can be reduced
and the number of corresponding photolithography steps can be also reduced,
whereby simplification of a process can be realized. 5[0166]         Next,
plasma treatment is performed thereon, using a gas such as N20, N2, or Ar.
By the plasma treatment, water or the like which is adsorbed on an exposed
surface of the oxide semiconductor film is removed. Plasma treatment may be
performed using a mixed gas of oxygen and argon as well. 10[0167]
After the plasma treatment, as illustrated in FIG. 11B, the insulating film
614 is formed so as to cover the source electrode 608, the drain electrode
609, the wirings 610 to 613, and the oxide semiconductor film 605. The
insulating film 614 preferably includes impurities such as moisture or
hydrogen as little as possible, and the insulating 15 film 614 may be
formed using a single-layer insulating film or a plurality of insulating
films stacked. When hydrogen is contained in the oxide insulating film 614,
entry of the hydrogen to the oxide semiconductor film, or extraction of
oxygen in the oxide semiconductor film by hydrogen may occur, thereby
causing the backchannel portion of the oxide semiconductor film to have
lower resistance (to be n-type), so that a parasitic 20 channel may be
formed. Therefore, it is preferable that a deposition method in which
hydrogen is not used is employed in order to form the insulating film 614
containing as little hydrogen as possible. A material having a high barrier
property is preferably used for the above insulating film 614. For example,
as the insulating film having a high barrier property, a silicon nitride
film, a silicon nitride oxide film, an aluminum 25 nitride film, an
aluminum nitride oxide film, or the like can be used. When a plurality of
insulating films stacked is used, an insulating film having lower
proportion of nitrogen, such as a silicon oxide film or a silicon
oxynitride film, is formed on the side closer to the oxide semiconductor
film 605 than the above insulating film having a high barrier property.
Then, the insulating film having a high barrier property is formed so 



30 as to overlap with the source electrode 608, the drain electrode 609,
and the oxide semiconductor film 605 with the insulating film having lower
proportion of nitrogen between the insulating film having a barrier
property and the source electrode 608, the  WO 2011/089808PCT/JP2010/072839
48 drain electrode 609, and the oxide semiconductor film 605. When the
insulating film having a high barrier property is used, the impurities such
as moisture or hydrogen can be prevented from entering the oxide
semiconductor film 605, the gate insulating film 603, or the interface
between the oxide semiconductor film 605 and another insulating  5 film and
the vicinity thereof. In addition, the insulating film having lower
proportion of nitrogen such as a silicon oxide film or a silicon oxynitride
film is formed so as to be in contact with the oxide semiconductor film
605, whereby the insulating film formed using a material having a high
barrier property can be prevented from being in contact with the oxide
semiconductor film 605 directly. 10[0168]         In this embodiment, the
insulating film 614 having a structure in which a silicon nitride film
having a thickness of 100 nm formed by a sputtering method is stacked over
a silicon oxide film having a thickness of 200 nm formed by a sputtering
method is formed. The substrate temperature in deposition may be room
temperature 15to 300 C, inclusive and in this embodiment, is 100 C. [0169]
Note that after the insulating film 614 is formed, heat treatment may be
performed. Heat treatment is performed under an atmosphere of nitrogen,
oxygen, ultra-dry air (air in which a water content is less than or equal
to 20 ppm, preferably less  20 than or equal to 1 ppm, more preferably less
than or equal to 10 ppb), or a rare gas (argon, helium, or the like)
preferably at 200 C to 400 C, inclusive, for example, 250 C to 350 C,
inclusive. In this embodiment, heat treatment for 1 hour at 250 C under a
nitrogen atmosphere is performed. Alternatively, RTA treatment for a short
time at a high temperature may be performed before the formation of the
source electrode 608,  25 the drain electrode 609, and the wirings 610 to
613 in a manner similar to that of the heat treatment performed on the
oxide semiconductor film. Even when oxygen deficiency occurs in the oxide
semiconductor film 605 due to the heat treatment performed on the oxide
semiconductor film, the insulating film 614 containing oxygen is provided
in contact with an exposed region of the oxide semiconductor film 605
30provided between the source electrode 608 and the drain electrode 609,
and then heat treatment is performed, whereby oxygen is supplied to the
oxide semiconductor film  WO 2011/089808PCT/JP2010/072839 



49 605. Therefore, when oxygen is supplied to the region of the oxide
semiconductor film 605 which is in contact with the insulating film 614,
oxygen deficiency serving as a donor can be reduced and the stoichiometric
composition ratio can be satisfied. As a result, the oxide semiconductor
film 605 can be made to be an i-type semiconductor  5 film or a
substantially i-type semiconductor film. Accordingly, electric
characteristics of the transistor can be improved and variation in the
electric characteristics thereof can be reduced. There is no particular
limitation on timing for this heat treatment as long as it is performed
after formation of the insulating film 614. The heat treatment also serves
as heat treatment in another process, for example, heat treatment in
forming a  10 resin film or heat treatment for reducing resistance of a
transparent conductive film, whereby the oxide semiconductor film 605 can
be made to be an i-type semiconductor film or a substantially i-type
semiconductor film without an increase in the number of fabrication steps.
[0170] 15After a conductive film is formed over the insulating film 614,
the conductive film is patterned, so that a back gate electrode may be
formed in a position where the back gate electrode overlaps with the oxide
semiconductor film 605. When the back gate electrode is formed, an
insulating film is formed so as to cover the back gate electrode. The back
gate electrode can be formed using a material and a structure 20similar to
those of the gate electrode 601, the electrodes 602, the source electrode
608 and the drain electrode 609, or the wirings 610 to 613. [0171]
The thickness of the back gate electrode is set to be 10 nm to 400 nm,
preferably 100 nm to 200 nm. For example, the back gate electrode may be
formed in 25 a such a manner that a conductive film in which a titanium
film, an aluminum film, and a titanium film are stacked is formed, a resist
mask is formed by a photolithography method or the like, and unnecessary
portions are removed by etching so that the conductive film is processed
(patterned) to a desired shape. [0172] 30With the above steps, a second
transistor 620 and a capacitor 623 are formed. Note that the capacitor 623
is formed in a region where the source electrode 608 overlaps with still
another one of the electrodes 602 with the gate insulating film 603  



interposed therebetween. Note that the capacitor 623 is not necessarily
formed over the same layer as the second transistor 620, and for example,
the capacitor 623 may be formed over the same layer as the first transistor
501 and the third transistor 502. [0173] 5The second transistor 620
includes the gate electrode 601, the gate insulating film 603 over the gate
electrode 601, the oxide semiconductor film 605 which overlaps with the
gate electrode 601 over the gate insulating film 603, and a pair of the
source electrode 608 and the drain electrode 609 formed over the oxide
semiconductor film 605. The second transistor 620 may include the
insulating film 614 formed over the 10oxide semiconductor film 605, as a
component. The second transistor 620 illustrated in FIG. 11B has a
channel-etched structure in which part of the oxide semiconductor film 605
is exposed between the source electrode 608 and the drain electrode 609.
[0174] Although the second transistor 620 is described as a single-gate
transistor, a 15  multi-gate transistor including a plurality of channel
formation regions can be manufactured when a plurality of the gate
electrodes 601 which is electrically connected is included if needed.
[0175] Next, as in this embodiment, how characteristics of the transistor
are affected 20  by high purification of the oxide semiconductor film by
removal of impurities such as moisture, hydrogen, or the like contained in
the oxide semiconductor film as much as possible will be described. [0176]
FIG. 13 is a cross-sectional view of a transistor including an oxide 25
semiconductor. An oxide semiconductor film (OS) is provided over a gate
electrode (GE) with a gate insulating film (GI) therebetween; a source
electrode (S) and a drain electrode (D) are provided thereover; and an
insulating film is provided over the source electrode (S) and the drain
electrode (D). [0177] 30FIG. 14 is an energy band diagram (schematic
diagram) of a cross section taken 



along line A-A' in FIG. 13. In FIG. 14, a black circle (*) represents an
electron and has  an electric charge -q, whereas a white circle ()
represents a hole and has an electric charge +q. When positive voltage (VD
> 0) is applied to the drain electrode (D), the case where voltage (VG = 0)
is not applied to the gate electrode (GE) is indicated by dashed lines and
the case where positive voltage (VG > 0) is applied to the gate  5
electrode (GE) is indicated by solid lines. In the case where voltage is
not applied to the gate electrode (GE), carriers (electrons) are not
injected to the oxide semiconductor (OS) film side from the source
electrode (S) due to a high potential barrier, showing an off state in
which current does not flow. On the other hand, in the case where positive
voltage is applied to the gate electrode (GE), the potential barrier is
reduced, showing an 10on state in which current flows to the oxide
semiconductor (OS) film. [0178]         FIGS. 15A and 15B are energy band
diagrams (schematic diagrams) of a cross section taken along line B-B' in
FIG. 13. FIG. 15A illustrates the case where positive voltage (VG > 0) is
applied to a gate electrode (GE) and an on state where carriers  15
(electrons) flow between the source electrode and the drain electrode. FIG
15B illustrates a state where negative voltage (VG <0) is applied to the
gate electrode (GE), in other words, the case where the transistor is in an
off-state. [0179]              FIG. 16 shows the relation between the
vacuum level, the work function (4) of 20metal, and the electron affinity
(x) of the oxide semiconductor. [0180]         At normal temperature,
electrons in the metal are degenerated and the Fermi level is located in
the conduction band. On the other hand, a conventional oxide semiconductor
is an n-type semiconductor, and the Fermi level (El) thereof is located  25
nearer to the conduction band (Ec) away from an intrinsic Fermi level (Ei)
which is located in the center of the band gap. Note that it is known that
part of hydrogen is a donor in the oxide semiconductor and is one factor
causing an oxide semiconductor to be an n-type semiconductor. Further,
oxygen vacancy is known as one of the causes to produce an n-type oxide
semiconductor. 30[0181]  invention is an intrinsic (i-type) or a
substantially intrinsic oxide semiconductor which is obtained by removing
hydrogen that is an n-type impurity from an oxide semiconductor and
purifying the oxide semiconductor such that impurities other than a main
component of the oxide semiconductor are prevented from being contained
therein 



5 as much as possible. That is, the oxide semiconductor becomes an i-type
semiconductor not by addition of impurities but by removal of impurities
such as moisture or hydrogen and oxygen vacancy as much as possible to have
high purity, so that an oxide semiconductor which is an intrinsic (i-type)
semiconductor or is a substantially intrinsic (i-type) semiconductor is
obtained. With the above structure, the 10Fermi level (Ef) can be
substantially close to the same level as the intrinsic Fermi level (Ei), as
indicated by an arrow. [0182]        It is said that the band gap (Eg) of
an oxide semiconductor is 3.15 eV and the electron affinity (x) is 4.3 V.
The work function of titanium (Ti) used for forming the  15 source and
drain electrodes is substantially equal to the electron affinity (x) of the
oxide semiconductor. In that case, a Schottky barrier to electrons is not
formed at an interface between the metal and the oxide semiconductor. There
are materials satisfying this condition other than titanium. [0183] 20In
that case, as illustrated in FIG. 15A, the electron moves along the lowest
part of the oxide semiconductor, which is energetically stable, at an
interface between the gate insulating film and the highly-purified oxide
semiconductor. [0184]           In FIG. 15B, when negative voltage is
applied to the gate electrode (GE), holes 25which are minority carriers are
substantially zero; therefore, current is substantially close to zero.
[0185]        In this manner, the oxide semiconductor film is highly
purified so that impurities such as moisture or hydrogen other than a main
component of the oxide 30semiconductor are contained as little as possible,
whereby the operation of the transistor can be favorable. 



[0186]         This embodiment can be implemented in combination with any
of the above embodiments. [0187] 5 (Embodiment 5)         In this
embodiment, a structure of a programming cell in which a third transistor
including an oxide semiconductor film has a structure which is different
from that of Embodiment 4 will be described. [0188] 10A programming cell
illustrated in FIG. 12A includes the first transistor 501 and the third
transistor 502 similar to that of Embodiment 4. A bottom-gate second
transistor 630 which has a channel protective structure and includes an
oxide semiconductor film is formed over the first transistor 501 and the
third transistor 502 in FIG 12A. 15[0189]         The second transistor 630
includes a gate electrode 631 provided over the insulating film 507, a gate
insulating film 632 provided over the gate electrode 631, an oxide
semiconductor film 633 which overlaps with the gate electrode 631 over the
gate insulating film 632, a channel protective film 634 which is provided
over the oxide 20  semiconductor film 633 to overlap with the gate
electrode 631, and a source electrode 635 and a drain electrode 636 which
are provided over the oxide semiconductor film 633. The second transistor
630 may include an insulating film 637 provided over the oxide
semiconductor film 633, as a component. [0190] 25The channel protective
film 634 can prevent the portion of the oxide semiconductor film 633
serving as a channel formation region from being damaged in a later step
(e.g., reduction in thickness due to plasma or an etchant in etching).
Therefore, reliability of the transistor can be improved. [0191] 30The
channel protective film 634 can be formed using an inorganic material that 



contains oxygen (e.g., silicon oxide, silicon nitride oxide, silicon
oxynitride, aluminum oxide, or aluminum oxynitride). The channel protective
film 634 can be formed by a  vapor deposition method such as a plasma
enhanced CVD method or a thermal CVD method, or a sputtering method. After
the channel protective film 634 is formed, the shape thereof is processed
by etching. Here, the channel protective film 634 is formed in such a
manner that a silicon oxide film is formed by a sputtering method and 5
processed by etching using a mask formed by photolithography. [0192]
An inorganic material containing oxygen is used for the channel protective
film 634, whereby a structure can be provided, in which oxygen is supplied
to a region of the oxide semiconductor film 633 in contact with at least
the channel protective film 634 10 and oxygen deficiency serving as a donor
is reduced to satisfy the stoichiometric composition ratio even when the
oxygen deficiency occurs in the oxide semiconductor film 633 by heat
treatment for reducing moisture or hydrogen. Accordingly, the channel
formation region can be made to be an i-type channel formation region or a
substantially i-type channel formation region, variation in electric
characteristics of a 15  transistor due to oxygen deficiency can be
reduced, and electric characteristics can be improved. [0193]         Note
that the second transistor 630 may further include a back gate electrode
over the insulating film 637. The back gate electrode may be formed so as
to overlap 20 with a channel formation region in the oxide semiconductor
film 633. The back gate electrode may be electrically insulated to be in a
floating state, or may be in a state where the back gate electrode is
supplied with a potential. In the case of the latter, the back gate
electrode may be supplied with the same potential as the gate electrode
631, or may be supplied with a fixed potential such as a ground potential.
The level of the 25  potential supplied to the back gate electrode may be
controlled so as to control the threshold voltage of the second transistor
630. [0194]         A programming cell illustrated in FIG. 12B includes the
first transistor 501 using crystalline silicon and the third transistor 502
using crystalline silicon in a manner 30 similar to that of Embodiment 4. A
bottom-contact second transistor 640 which includes an oxide semiconductor
film is formed over the first transistor 501 and the third transistor 502
in FIG. 12B.  



[0195]         The second transistor 640 includes a gate electrode 641
formed over the insulating film 507, a gate insulating film 642 over the
gate electrode 641, a source electrode 643 and a drain electrode 644 which
are over the gate insulating film 642, and  5 an oxide semiconductor film
645 which overlaps with the gate electrode 641. The second transistor 640
may include an insulating film 646 provided over the oxide semiconductor
film 645, as a component. [0196] The thickness of each of the source
electrode 643 and the drain electrode 644  10 of the bottom-contact second
transistor 640 in FIG. 12B is preferably smaller than that of the
bottom-gate transistor described in Embodiment 4 in order to prevent
disconnection of the oxide semiconductor film 645 formed later.
Specifically, the thickness of each of the source electrode 643 and the
drain electrode 644 is 10 nm to 200 nm, preferably 50 nm to 75 nm. 15[0197]
Note that the second transistor 640 may further include a back gate
electrode over the insulating film 646. The back gate electrode may be
formed so as to overlap with a channel formation region in the oxide
semiconductor film 645. The back gate electrode may be electrically
insulated to be in a floating state, or may be in a state  20 where the
back gate electrode is supplied with a potential. In the case of the
latter, the back gate electrode may be supplied with the same potential as
the gate electrode 641, or may be supplied with a fixed potential such as a
ground potential. The level of the potential supplied to the back gate
electrode may be controlled so as to control the threshold voltage of the
second transistor 640. 25[0198]         A programming cell illustrated in
FIG. 12C includes the first transistor 501 and the third transistor 502
which are formed using crystalline silicon in a manner similar to that of
Embodiment 4. A top-gate second transistor 650 which includes an oxide
semiconductor film is formed over the first transistor 501 and the third
transistor 502 in 30FIG. 12C. [0199]  652 which are formed over the
insulating film 507, an oxide semiconductor film 653 formed over the source
electrode 651 and the drain electrode 652, a gate insulating film 654 over
the oxide semiconductor film 653, and a gate electrode 655 which overlaps
with the oxide semiconductor film 653 over the gate insulating film 654. In
addition, 5the second transistor 650 may include an insulating film 656
provided over the gate electrode 655, as a component. 



[0200]        The thickness of each of the source electrode 651 and the
drain electrode 652 of the top-gate second transistor 650 in FIG. 12C is
preferably smaller than that of the  10 bottom-gate transistor described in
Embodiment 4 in order to prevent disconnection of the oxide semiconductor
film 653 formed later. Specifically, the thickness of each of the source
electrode 651 and the drain electrode 652 is 10 nm to 200 nm, preferably 50
nm to 75 nm. [0201] 15This embodiment can be implemented in combination
with any of the above embodiments. [Example 1] [0202] A semiconductor
device according to one embodiment of the present invention  20 is used, so
that a highly reliable electronic device and an electronic device with low
power consumption can be provided. In particular, in the case where a
portable electronic device which has difficulty in continuously receiving
electric power is used, a semiconductor device with low power consumption
according to one embodiment of the present invention is added to the
component of the device, whereby an advantage in  25 increasing the
continuous duty period can be obtained. Further, by use of a transistor
with low off-state current, redundant circuit design which is needed to
cover a failure caused by high off-state current is unnecessary; therefore,
the density of an integrated circuit used for the semiconductor device can
be increased, and a higher performance semiconductor device can be formed.
30[0203]  provided with recording media (typically, devices which reproduce
the content of recording media and have displays for displaying the
reproduced images such as digital versatile discs (DVDs)). Other than the
above, as an electronic appliance which can use the semiconductor device
according to one embodiment of the present invention, 5 mobile phones, game
machines including portable game machines, portable information terminals,
e-book readers, video cameras, digital still cameras, goggle-type displays
(head mounted displays), navigation systems, audio reproducing devices
(e.g., car audio systems and digital audio players), copiers, facsimiles,
printers, multifunction printers, automated teller machines (ATM), vending
machines, and the like can be given. 10Specific examples of these
electronic devices are illustrated in FIGS. 17A to 17D. [0204] 



FIG. 17A illustrates a display device including a housing 7011, a display
portion 7012, a supporting base 7013, and the like. The semiconductor
device according to one embodiment of the present invention can be used for
an integrated 15 circuit for controlling driving of the display device, so
that a highly reliable display device and a display device with low power
consumption can be provided. Note that a display device includes all
display devices for displaying information, such as display devices for
personal computers, for receiving television broadcast, and for displaying
advertisement, in its category. 20[0205]         FIG. 17B illustrates a
portable game machine including a housing 7031, a housing 7032, a display
portion 7033, a display portion 7034, a microphone 7035, speakers 7036, an
operation key 7037, a stylus 7038, and the like. The semiconductor device
according to one embodiment of the present invention can also be used for
an 25 integrated circuit for controlling the driving of the portable game
machine, so that a highly reliable portable game machine and a portable
game machine with low power consumption can be provided. Although the
portable game machine illustrated in FIG. 17B includes two display portions
7033 and 7034, the number of display portions included in the portable game
machine is not limited to two. 30[0206]  a light-receiving portion 7046,
and the like. Light received in the light-receiving portion 7046 is
converted into electrical signals, whereby external images can be loaded.
The semiconductor device according to one embodiment of the present
invention can also be used for an integrated circuit for controlling the
driving of the mobile phone, so 5 that a highly reliable mobile phone and a
mobile phone with low power consumption can be provided. [0207]
FIG. 17D is a portable information terminal including a housing 7051, a
display portion 7052, an operation key 7053, and the like. In the portable
information terminal 10 illustrated in FIG. 17D, a modem may be
incorporated in the housing 7051. The semiconductor device according to one
embodiment of the present invention can also be used for an integrated
circuit for controlling the driving of the portable information terminal,
so that a highly reliable portable information terminal and a portable
information terminal with low power consumption can be provided. 15[0208]
This example can be implemented by being combined as appropriate with any
of the above embodiments.          This application is based on Japanese
Patent Application serial no. 202010-009569 filed with Japan Patent Office
on January 20, 2010, the entire contents of which are hereby incorporated
by reference.  



CLAIMS 1. A semiconductor device comprising: basic blocks each comprising a
logic circuit; and 5programming cells configured to control supply of a
power supply potential to each of the basic blocks,        wherein the
programming cells each comprise a first transistor functioning as a
switching element and a second transistor configured to control supply of a
potential to a gate electrode of the first transistor, and 10wherein the
second transistors each comprise a channel formation region comprising an
oxide semiconductor. 2. A semiconductor device comprising: basic blocks
each comprising a logic circuit; and 15programming cells each configured to
control connections between two of the basic blocks,         wherein the
programming cells each comprise a first transistor functioning as a
switching element and a second transistor configured to control supply of a
potential to a gate electrode of the first transistor, and 20wherein the
second transistors each comprise a channel formation region comprising an
oxide semiconductor. 3. A semiconductor device comprising: basic blocks
each comprising a logic circuit; 



25first programming cells each configured to control connections between
two of the basic blocks; and         second programming cells configured to
control supply of a power supply potential to each of the basic blocks,
wherein the first programming cells and the second programming cells each
30comprise a first transistor functioning as a switching element and a
second transistor configured to control supply of a potential to a gate
electrode of the first transistor, and wherein the second transistors each
comprise a channel formation region  comprising an oxide semiconductor.
4. A semiconductor device comprising: a first basic block and a second
basic block, each comprising a logic circuit; 5 and         a circuit
configured to control a connection between the first basic block and the
second basic block,           wherein the circuit comprises a first
transistor functioning as a switching element and a second transistor
configured to control supply of a potential to a gate 10electrode of the
first transistor, and         wherein the second transistor comprises a
channel formation region comprising an oxide semiconductor.            5.
The semiconductor device according to claim 1, further comprising a third
15transistor configured to control supply of a fixed potential to one of a
source electrode and a drain electrode of the first transistor.
6. The semiconductor device according to claim 2, further comprising a
third transistor configured to control supply of a fixed potential to one
of a source electrode 20and a drain electrode of the first transistor. 



7. The semiconductor device according to claim 3, further comprising a
third transistor configured to control supply of a fixed potential to one
of a source electrode and a drain electrode of the first transistor. 25
8. The semiconductor device according to claim 4, further comprising a
third transistor configured to control supply of a fixed potential to one
of a source electrode and a drain electrode of the first transistor.  WO
2011/089808PCT/JP2010/072839 61         10. The semiconductor device
according to claim 2, further comprising a capacitor connected to the gate
electrode of the first transistor.             11. The semiconductor device
according to claim 3, further comprising a 5capacitor connected to the gate
electrode of the first transistor.         12. The semiconductor device
according to claim 4, further comprising a capacitor connected to the gate
electrode of the first transistor. 1013. The semiconductor device according
to claim 1, further comprising a resistor connected to one of a source
electrode and a drain electrode of the first transistor.            14. The
semiconductor device according to claim 2, further comprising a 15resistor
connected to one of a source electrode and a drain electrode of the first
transistor.            15. The semiconductor device according to claim 3,
further comprising a resistor connected to one of a source electrode and a
drain electrode of the first 20transistor. 



16. The semiconductor device according to claim 4, further comprising a
resistor connected to one of a source electrode and a drain electrode of
the first transistor. 25         17. The semiconductor device according to
claim 1, wherein the oxide semiconductor is an In-Ga-Zn-O-based oxide
semiconductor.              18. The semiconductor device according to claim
2, wherein the oxide 30 semiconductor is an In-Ga-Zn-O-based oxide
semiconductor.  semiconductor is an In-Ga-Zn-O-based oxide semiconductor.
20. The semiconductor device according to claim 4, wherein the oxide
semiconductor is an In-Ga-Zn-O-based oxide semiconductor. 5         21. The
semiconductor device according to claim 1, wherein hydrogen concentration
in the channel formation region is lower than or equal to 5 x 1019 /cm3.
22. The semiconductor device according to claim 2, wherein hydrogen
10concentration in the channel formation region is lower than or equal to 5
x 1019 icm3.         23. The semiconductor device according to claim 3,
wherein hydrogen concentration in the channel formation region is lower
than or equal to 5 x 1019 1cm3. 1524. The semiconductor device according to
claim 4, wherein hydrogen concentration in the channel formation region is
lower than or equal to 5 x 1019 /cm3.         25. The semiconductor device
according to claim 1, wherein off-state current density of the second
transistor is lower than or equal to 100 zA/Rm. 20         26. The
semiconductor device according to claim 2, wherein off-state current
density of the second transistor is lower than or equal to 100 zA/ttm.
27. The semiconductor device according to claim 3, wherein off-state
current 25density of the second transistor is lower than or equal to 100
zA/p.m. 



28. The semiconductor device according to claim 4, wherein off-state
current density of the second transistor is lower than or equal to 100
zA/Rm.           30. The semiconductor device according to claim 2, wherein
the first transistor comprises at least one of silicon, silicon germanium,
and germanium. 531. The semiconductor device according to claim 3, wherein
the first transistor comprises at least one of silicon, silicon germanium,
and germanium.         32. The semiconductor device according to claim 4,
wherein the first transistor comprises at least one of silicon, silicon
germanium, and germanium. 10 claim 1 15claim 2. claim 3. 33. An electronic
apparatus including the semiconductor device according to 34. An electronic
apparatus including the semiconductor device according to 35. An electronic
apparatus including the semiconductor device according to  2036. An
electronic apparatus including the semiconductor device according to claim
4. 




