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DESCRIPTION

SEMICONDUCTOR DEVICE AND ELECTRONIC DEVICE INCLUDING THE

SAME

TECHNICAL FIELD

[0001]

The present invention relates to semiconductor devices and electronic devices

including the semiconductor devices. In particular, the present invention relates to

displays and electronic devices including the displays.

BACKGROUND ART

[0002]

In recent years, flat panel displays have been widely used. Flat panel displays

are used in a variety of devices such as liquid crystal televisions, personal computers,

cellular phones, digital cameras, personal digital assistants, and portable audio equipment.

Displays including liquid crystals, OLEDs, electrophoretic elements, and the like are

widely used. An active-matrix display where transistors are arranged in matrix in a pixel

portion is presently pervasive.

[0003]

FIG 10 is the external view of a substrate used in a conventional display. A

substrate 901 used in the conventional display includes a pixel portion 902, a signal line

driver circuit (also referred to as a source driver) 904, and a scan line driver circuit (also

referred to as a gate driver) 903. In addition, signals and power needed in the scan line

driver circuit 903 and the signal line driver circuit 904 are input from the outside through a

flexible printed circuit (FPC) 905 (for example, see Reference 1). Here, for the scan line

driver circuit 903 and the signal line driver circuit 904, transistors provided over the

substrate that are similar to transistors in the pixel portion may be used, or an IC chip may

be attached to the substrate by chip on glass (COG).

[Reference]



[0004]

[Reference 1] Japanese Published Patent Application No. 2008-233727

DISCLOSURE OF INVENTION

[0005]

Connection with the use of the FPC is as follows. The FPC 905 and a wiring

provided over a glass substrate or a flexible substrate such as a plastic substrate are bonded

to each other with a conductive resin. The size of a plurality of terminals of the FPC is

about 100 µπ x 1 mm each, and the contact area is not very large. Thus, the connection

strength of a portion where the wiring provided over the substrate and an FPC terminal are

bonded to each other is not very high, so that disconnection might occur when vibration is

caused or the temperature is changed. In particular, when a flexible substrate is used, the

substrate is bent; thus, the wiring and the FPC terminal are disconnected to each other due

to vibration, and contact failure might occur. In that case, signals and power needed in

the display do not spread, which leads to the malfunction of the display in some cases. In

particular, the number of signal lines is large; thus, the signal lines have high possibility of

malfunctions in connection portions. Therefore, a method for inputting signals and power

to the display without the use of an FPC has been demanded.

[0006]

In view of the foregoing problems, it is an object to provide a novel display

capable of inputting signals and power without the use of an FPC. Without limitation to

the display, it is an object to provide a novel semiconductor device capable of inputting

signals and power without the use of an FPC.

[0007]

One embodiment of the present invention is a semiconductor device capable of

inputting signals and power wirelessly without the use of an FPC. Specifically, the

semiconductor device includes a first substrate and a second substrate. A first signal

antenna and a first power antenna are provided on a surface side of the first substrate.

The second substrate is provided with a second signal antenna and a second power antenna.

The second substrate is attached on a back side of the first substrate. The first signal



antenna and the second signal antenna overlap with each other with the first substrate

provided therebetween to be fixed to each other. The first power antenna and the second

power antenna overlap with each other with the first substrate provided therebetween to be

fixed to each other. The first signal antenna and the first power antenna are receiver

antennas. The second signal antenna and the second power antenna are transmitter

antennas.

[0008]

In the semiconductor device, the first signal antenna and the first power antenna

are provided separately. However, without separate provision of the antennas, one

antenna can serve as a signal antenna and a power antenna. In that case, one first antenna

which serves as a signal antenna and a power antenna is provided over the first substrate,

and one second antenna which serves as a signal antenna and a power antenna is provided

over the second substrate. The structures of the other components can be similar to those

described above. In other words, the second substrate is attached on the back side of the

first substrate, and the first antenna and the second antenna overlap with each other with

the first substrate provided therebetween to be fixed to each other. The first antenna is a

receiver antenna, and the second antenna is a transmitter antenna.

[0009]

The number of signal lines is large; thus, in the case where the signal lines are

directly connected, the number of connection portions is large. Thus, at least in a signal

processing portion, signals are transmitted and received wirelessly (without contact).

Accordingly, the problem of bad connection in an FPC terminal portion can be solved.

[0010]

Further, the number of power lines is small. For example, the number of power

lines per substrate can be two. Since the number of power lines is small in this manner, in

a power source portion, a wiring provided over the first substrate can be directly connected

to a wiring provided over the second substrate or a different substrate. In that case, the

power lines can be connected to an external terminal with the use of an FPC or the like.

Accordingly, it is possible not to provide the first power antenna and the second power

antenna in the semiconductor device.



[0011]

In the semiconductor device, plural first signal receiver antennas and the plural

second signal transmitter antennas can be provided. When plural sets of signal antennas

(signal receiver antennas and signal transmitter antennas) are provided in this manner, the

transmitting and receiving speed of signals can be improved. In one embodiment of the

present invention, the problem of bad connection in a portion connected to the outside is

less likely to be caused as compared to the case where an FPC or the like is used.

Accordingly, a structure where the number of signal input/output portions (i.e., signal

receiver antennas and signal transmitter antennas) is increased can be easily employed.

[0012]

In the semiconductor device, the first substrate and the second substrate can be

attached to each other with an adhesive or the like. In addition, a material into which an

insulating filler is mixed may be used as an adhesive. When a material into which an

insulating filler is mixed is used as the adhesive, the thickness of the attachment portion

(i.e., bond portion) can be made more uniform.

[0013]

A region where the first substrate and the second substrate are attached to each

other can be a region including a region where the antennas are provided over the first

substrate and the second substrate. Therefore, the area of the region where the first

substrate and the second substrate are attached to each other can be the same as or larger

than the area of the antennas. The antennas have a certain size. Thus, the attachment

portion has a certain size. Accordingly, the bond strength of the attachment portion can

be made high.

[0014]

In the semiconductor device, a flexible substrate can be used as the first substrate.

Even when the substrate (the flexible substrate) is bent, in one embodiment of the present

invention, the distance between the antennas can be kept constant, so that signals and

power can be received highly efficiently. In this manner, a semiconductor device

according to one embodiment of the present invention can have various structures when the

substrate is bent. Any substrate can be used as long as it has a certain thickness and



includes a material which transmits an electromagnetic wave with frequency used for

transmission and reception of signals and power. An insulating material can be used as a

material which transmits an electromagnetic wave with frequency used for transmission

and reception of signals and power. In addition, a flexible substrate can be used as the

second substrate attached to the first substrate. When a flexible substrate is used as the

second substrate, in the case where the first substrate is bent, the second substrate is bent

similarly. Therefore, even in the case where the substrate is bent, the distance between

the antennas can be kept constant.

[0015]

In the semiconductor device, a thin-plate or film-like substrate with a thickness of

0.1 to 3.0 mm can be used as the first substrate. Here, a thin flexible substrate is referred

to as a film-like substrate. When a thin-plate or film-like substrate is used, signals and

power can be received highly efficiently. Further, a phenomenon that communication

failure occurs only when the transmitter antenna and the receiver antenna are placed in a

certain distance, i.e., a dropout phenomenon can be prevented. This is because the

distance between the two antennas provided on the surface side and the back side of the

first substrate is determined mainly by the thickness of the first substrate. In the case

where the thickness of the first substrate exceeds the above range, the dropout phenomenon

might occur. However, the thickness of the first substrate is not necessarily limited to the

above range. The first substrate can have any thickness as long as signals and power can

be transmitted and received and the dropout phenomenon does not occur.

[0016]

In the semiconductor device, the first substrate can have a pixel portion including

a plurality of pixels. Each of the plurality of pixels can have a transistor and a display

element.

[0017]

In the semiconductor device, the first substrate can have a pixel portion including

a plurality of pixels, a scan line driver circuit, and a signal line driver circuit. Each of the

plurality of pixels can have a transistor whose on/off is controlled by the scan line driver

circuit (such a transistor is also referred to as a switching transistor) and a display element



to which an image signal is input from the signal line driver circuit through the transistor.

[0018]

In the semiconductor device, a liquid crystal element, a light-emitting element, or

an electrophoretic element can be used as the display element. When an electrophoretic

element is used, power consumption can be reduced. Alternatively, in the case where a

liquid crystal element is used, a reflective liquid crystal element is preferably used. A

reflective liquid crystal element can be obtained by formation of a reflective electrode as a

pixel electrode. Thus, power consumed by a backlight can be reduced, so that the power

consumption of the semiconductor device can be reduced.

[0019]

In the semiconductor device, a channel formation region of the transistor can have

an oxide semiconductor layer. A transistor including an oxide semiconductor has an

electrical characteristic of much lower off-state current than a transistor including silicon or

the like. Therefore, when a transistor including an oxide semiconductor is used as the

switching transistor in the pixel, an image signal written to the display element can be held

for a long period without a change in the circuit structure or the like of the pixel.

Accordingly, in the case where still images or the like is displayed, write frequency can be

lowered. Thus, power consumption can be reduced.

[0020]

In one embodiment of the present invention, signals are transmitted and received

wirelessly (without contact). Therefore, a technique by which a transistor including an

oxide semiconductor is used as a switching transistor in a pixel and write frequency and

transmitting and receiving speed of signals can be lowered as described above is very

useful in one embodiment of the present invention. With the transistor, an image signal

written to a display element can be held for a long period. Accordingly, even in the case

where write frequency is low, degradation (change) in display of the pixel can be

suppressed.

[0021]

In one embodiment of the present invention, the problem of contact failure

generated in an FPC terminal portion can be solved when signals and power are supplied



wirelessly without the use of an FPC. In addition, even in the case where signals and

power are supplied wirelessly, the signals and power can be received highly efficiently.

Further, even in the case where vibration is caused or the temperature is changed, the

distance between antennas can be kept constant, so that signals and power can be received

highly efficiently.

[0022]

Furthermore, even in the case where a flexible substrate is used as a substrate, the

distance between antennas can be kept constant, so that signals and power can be received

highly efficiently. Therefore, a semiconductor device can have various structures when

the substrate is bent.

[0023]

Moreover, when a transistor including an oxide semiconductor is used as a

switching transistor included in a pixel portion, an image signal written to a display

element can be held for a long period. Therefore, even in the case where signals and

power are supplied wirelessly, high-quality images can be displayed.

BRIEF DESCRIPTION OF DRAWINGS

[0024]

In the accompanying drawings:

FIG 1 is an example of a top view of a semiconductor device;

FIGS. 2A and 2B are examples of top views of a semiconductor device, and FIGS.

2C to 2E are examples of cross-sectional views of the semiconductor device;

FIG 3A is an example of a perspective view of the semiconductor device, and FIG.

3B is an example of a cross-sectional view of the semiconductor device;

FIG. 4 is an example of a block diagram of the semiconductor device;

FIG 5 is an example of a waveform of a signal input to the semiconductor device;

FIG 6 is an example of a block diagram of the semiconductor device;

FIGS. 7A and 7B are examples of a structure of a pixel portion included in the

semiconductor device;

FIGS. 8A to 8C are schematic views illustrating leak paths of image signals in the



pixel portion included in the semiconductor device;

FIGS. 9A to 9D are examples of a structure of a transistor included in the

semiconductor device and a manufacturing method thereof;

FIG 10 is an example of a top view of a semiconductor device;

FIG 11 illustrates examples of Vg- I characteristics of a test element group of a

transistor included in a semiconductor device;

FIGS. 12A and 12B are examples of top views of the test element group of the

transistor included in the semiconductor device;

FIGS. 13A and 13B are examples of V - characteristics of the test element group

of the transistor included in the semiconductor device;

FIG. 14 is an example of a diagram illustrating a circuit for evaluating

characteristics of the transistor included in the semiconductor device;

FIG 15 illustrates examples of the characteristics of the transistor included in the

semiconductor device; and

FIG 16 illustrates examples of the characteristics of the transistor included in the

semiconductor device.

BEST MODE FOR CARRYING OUT THE INVENTION

[0025]

Embodiments and examples of the present invention will be described below with

reference to the drawings. Note that the present invention is not limited to the following

description. It will be readily appreciated by those skilled in the art that modes and

details of the present invention can be changed in various ways without departing from the

spirit and scope of the present invention. Therefore, the present invention should not be

construed as being limited to the following description of the embodiments and examples.

Note that in the description of the structure of the present invention with reference to the

drawings, reference numerals denoting the same components are used in common in

different drawings.

[0026]

[Embodiment 1]



In this embodiment, an example of a semiconductor device which is one

embodiment of the disclosed invention is described with reference to FIG 1 and FIGS. 2A

to 2E. In this embodiment, an example in which a semiconductor device is a display is

described.

[0027]

FIG 1 is an example of the top view of a substrate 301 included in the

semiconductor device described in this embodiment. The substrate 301 is provided with a

signal antenna 305 and a power antenna 306. The signal antenna 305 and the power

antenna 306 are used as receiver antennas. In addition, a signal processing portion 307

and a power source portion 308 are provided so as to be electrically connected to the

antennas.

[0028]

The semiconductor device described in this embodiment is a display, which

includes a pixel portion 302 on the substrate 301. The pixel portion 302 includes a

plurality of pixels. Further, in order to drive the plurality of pixels included in the pixel

portion 302, a scan line driver circuit 303 and a signal line driver circuit 304 are provided.

Note that a side on which the antennas and the like are provided is referred to as a surface

side of the substrate.

[0029]

FIGS. 2A to 2E are examples of top views and cross-sectional views of the

substrate 301 and a substrate 601 included in the semiconductor device described in this

embodiment.

[0030]

FIG 2A is an example of the top view of the substrate 301. The structure in FIG

2A is substantially the same as the structure in FIG. 1. That is, the substrate 301 is

provided with the signal antenna 305 and the power antenna 306. The signal antenna 305

and the power antenna 306 are used as receiver antennas. In addition, the signal

processing portion 307 and the power source portion 308 are provided so as to be

electrically connected to the antennas. Further, the substrate 301 is provided with the

pixel portion 302. Although FIG. 2A does not illustrate a scan line driver circuit and a



signal line driver circuit, the semiconductor device illustrated in FIG. 2A can include a scan

line driver circuit and a signal line driver circuit as in FIG 1.

[0031]

FIG 2B is an example of the top view of the substrate 601. The substrate 601 is

provided with a signal antenna 605 and a power antenna 606. The signal antenna 605 and

the power antenna 606 are used as transmitter antennas. In addition, an integrated circuit

602 is provided so as to be electrically connected to the antennas. Further, signals and

power needed in the integrated circuit 602 are input from the outside. Signals and power

needed in the integrated circuit 602 can be supplied wirelessly. In that case, in addition to

the signal antenna 605 and the power antenna 606, another antenna may be provided.

Alternatively, signals and power needed in the integrated circuit 602 can be input from the

outside through an FPC or the like.

[0032]

FIG 2C illustrates an A-A' cross section of the substrate 301 in FIG 2A. FIG.

2D illustrates a B-B' cross section of the substrate 601 in FIG 2B. FIG. 2C is an example

of a cross-sectional view of the substrate 301 and the substrate 601 before being attached to

each other. FIGS. 2D and 2E are examples of a cross-sectional view of the substrate 301

and the substrate 601 after being attached to each other.

[0033]

As illustrated in FIG. 2C, the signal antenna 305 is provided in the A-A' cross

section of the substrate 301. In addition, a substrate 331 is provided over the pixel portion

302 of the substrate 301. The substrate 331 is used as a substrate provided with a counter

electrode facing a pixel electrode, a substrate which protects the pixel portion 302, or a

substrate which seals the pixel portion 302. The signal antenna 605 is provided in the

B-B' cross section of the substrate 601.

[0034]

FIG 2D is the example of the cross-sectional view of the substrate 301 and the

substrate 601 after being attached to each other. As illustrated in FIG 2D, the substrate

601 is attached on a back side of the substrate 301. The substrate 601 is attached on the

back side of the substrate 301 so that a side on which the signal antenna 605 and the like



are provided corresponds to the substrate 301 side. At the time of the attachment, the

substrate 301 and the substrate 601 are provided so that the signal antenna 305 and the

signal antenna 605 overlap with each other when viewed from above. In addition, the

substrate 301 and the substrate 601 are provided so that the power antenna 306 and the

power antenna 606 overlap with each other when viewed from above. In this manner, the

signal antenna 305 and the signal antenna 605 overlap with each other with the substrate

301 provided therebetween to be fixed to each other. Further, the power antenna 306 and

the power antenna 606 overlap with each other with the substrate 301 provided

therebetween to be fixed to each other. Further, as illustrated in FIG 2E, the substrate 301

may be attached on a back side of the substrate 601.

[0035]

When the receiver antennas (the signal antenna 305 and the power antenna 306)

and the transmitter antennas (the signal antenna 605 and the power antenna 606) overlap

with each other with the substrate 301 or the substrate 601 provided therebetween to be

fixed to each other in this manner, signals and power can be received highly efficiently.

When reception efficiency is made high, a phenomenon that communication failure occurs

only in the case of certain field intensity, i.e., a dropout phenomenon can be prevented.

[0036]

Although not illustrated in FIGS. 2C to 2E, over the substrate 601, an insulating

film can be provided over the signal antenna 605 and the power antenna 606. Similarly,

over the substrate 301, an insulating film can be provided over the signal antenna 305 and

the power antenna 306. These insulating films can function as protective films. Further,

these insulating films can have a function of flattening surfaces of the substrates. In the

case where the insulating film is provided over the power antenna 606, the insulating film

can be used as a bond surface.

[0037]

The substrate 301 and the substrate 601 can be attached to each other with an

adhesive or the like. A material which firmly attaches a bond surface of the substrate 301

and a bond surface of the substrate 601 to each other can be used as the material of the

adhesive. In addition, a material which can make the thickness of a layer of the adhesive



(referred to as an adhesion layer) small can be used. When the adhesion layer is thin, the

thickness of the adhesion layer can be made uniform in a plane.

[0038]

In addition, a material into which an insulating filler is mixed may be used as the

adhesive. When a material into which an insulating filler is mixed is used as the adhesive,

the thickness of the adhesion layer can be further made uniform.

[0039]

A region where the substrate 301 and the substrate 601 are attached to each other

can be a region including a region where the antennas are provided over the substrate 301

and the substrate 601. For example, in the case of the substrate 301, a diagonally shaded

region 341 shown in FIG. A can be used as an attachment region. In the case of the

substrate 601, a diagonally shaded region 641 shown in FIG 2B can be used as an

attachment region. In this manner, the area of the region where the substrate 301 and the

substrate 601 are attached to each other can be the same as or larger than the area of the

antennas. The antennas have a certain size. Thus, the attachment portion has a certain

size. Accordingly, the bond strength of the attachment portion can be made high.

[0040]

The thickness of the substrate 301 can be in the range of from 0.1 to 3.0 mm.

Thus, signals and power can be received highly efficiently. Further, a phenomenon that

communication failure occurs only when the transmitter antenna and the receiver antenna

are placed in a certain distance, i.e., a dropout phenomenon can be prevented. This is

because the distance between the signal antenna 305 and the signal antenna 605 provided

on the surface side and back side of the substrate 301 and the distance between the power

antenna 306 and the power antenna 606 provided on the surface side and back side of the

substrate 301 are determined mainly by the thickness of the substrate 301. In the case

where the thickness of the substrate 301 exceeds the above range, the dropout phenomenon

might occur. However, the thickness of the substrate 301 is not necessarily limited to the

above range. The substrate 301 can have thickness which is beyond the above range as

long as signals and power can be transmitted and received and the dropout phenomenon

does not occur.



[0041]

Note that although the signal antenna 305 and the signal processing portion 307

are separately illustrated in FIG. 1 and FIG 2A, the signal antenna 305 may be included in

the signal processing portion 307. In addition, although the power antenna 306 and the

power source portion 308 are separately illustrated in FIG 1 and FIG 2A, the power

antenna 306 may be included in the power source portion 308. Further, the shape of the

antenna is not limited to a spiral shape. A rod shape, a loop shape, or the like can be used.

[0042]

In this embodiment, a set of the signal antenna 305 (the receiver antenna) and the

signal antenna 605 (the transmitter antenna) is provided; however, this embodiment is not

limited to this. Plural sets of the signal antenna 305 and the signal antenna 605 can be

provided. In that case, the plurality of signal antennas 305 (receiver antennas) can be

provided in empty spaces of the substrate 301. In addition, some or all of the plurality of

signal antennas 605 (transmitter antennas) can be provided over the substrate 601 which is

provided with the power antenna 606. In the case where some of the plurality of signal

antennas 605 (transmitter antennas) are provided over the substrate 601 which is provided

with the power antenna 606, the other signal antennas 605 (the transmitter antennas) can be

provided over a different substrate.

[0043]

When plural sets of signal antennas 305 (receiver antennas) and signal antennas

605 (transmitter antennas) are provided in this manner, the transmitting and receiving

speed of signals can be improved. According to this embodiment, the problem of bad

connection in a portion connected to the outside is less likely to be caused as compared to

the case where an FPC or the like is used. Accordingly, a structure where the number of

signal input/output portions (i.e., the signal antenna 305 (the receiver antenna) and the

signal antenna 605 (the transmitter antenna)) is increased can be easily employed.

[0044]

In this embodiment, the problem of contact failure generated in an FPC terminal

portion can be solved when signals and power are supplied wirelessly without the use of an

FPC. In addition, even in the case where signals and power are supplied wirelessly, the



signals and power can be received highly efficiently. Further, even in the case where

vibration is caused or the temperature is changed, the distance between the antennas can be

kept constant, so that signals and power can be received highly efficiently.

[0045]

The semiconductor device described in this embodiment can be used as a display

in a variety of devices such as a liquid crystal television, a personal computer, a cellular

phone, an e-book reader, a digital camera, a personal digital assistant, and portable audio

equipment.

[0046]

The semiconductor device described in this embodiment is resistant to vibration or

the change in temperature; thus, the semiconductor device can be used as a versatile

display. For example, the semiconductor device can be used as a display provided in a

vehicle such as a railroad train, an electric train, a car, a ship, or an airplane. In addition,

the semiconductor device can be used as a display provided on a wall or a column of a

construction such as a station or a building. Further, the semiconductor device can be

used as a display provided in a portable device such as a cellular phone, an e-book reader,

or a personal digital assistant. Furthermore, the semiconductor device can be used as a

device having a waterproof function.

[0047]

Moreover, the semiconductor device described in this embodiment can be used not

only as a display but also an electronic component or an electronic device.

[0048]

Further, the number of power lines is small. For example, the number of power

lines per substrate can be two. Since the number of power lines is small in this manner, in

the power source portion, a wiring provided over the substrate 301 can be directly

connected to a wiring provided over the substrate 601. In that case, the power lines can

be connected to an external terminal with the use of an FPC or the like. Accordingly, in

the semiconductor device, it is possible not to provide the power antenna 306 and the

power antenna 606. Also in that case, the number of signal lines is large; thus, the

problem of contact failure generated in the FPC terminal portion can be solved when



signals are supplied wirelessly. In addition, even in the case where signals are supplied

wirelessly, the signals can be received highly efficiently. Further, even in the case where

vibration is caused or the temperature is changed, the distance between the antennas can be

kept constant, so that signals can be received highly efficiently.

[0049]

This embodiment can be combined with any of the other embodiments and

examples as appropriate.

[0050]

[Embodiment 2]

An example of a semiconductor device which is one embodiment of the disclosed

invention is described with reference to FIGS. 3A and 3B. In this embodiment, an

example in which a substrate is a flexible substrate is described. Further, in this

embodiment, an example in which a semiconductor device is a display is described.

[0051]

FIGS. 3A and 3B are examples of the perspective view and the cross-sectional

view of the substrate 301 and the substrate 601 which are included in the semiconductor

device described in this embodiment.

[0052]

FIG 3A is an example of the perspective view of the substrate 301 and the

substrate 601. The structure in FIG. 3A is substantially the same as the structure in FIG. 1,

the structure in FIG 2A, and the structure in FIG 2B. That is, the substrate 301 illustrated

in FIG 3A is provided with the signal antenna 305 and the power antenna 306. The signal

antenna 305 and the power antenna 306 are used as receiver antennas. In addition, the

signal processing portion 307 and the power source portion 308 are provided so as to be

electrically connected to the antennas. Further, the substrate 301 is provided with the

pixel portion 302. Although FIG 3A does not illustrate a scan line driver circuit and a

signal line driver circuit, the semiconductor device illustrated in FIG. 3A can include a scan

line driver circuit and a signal line driver circuit as in FIG 1.

[0053]

The substrate 601 illustrated in FIG. 3A is provided with the signal antenna 605



and the power antenna 606. The signal antenna 605 and the power antenna 606 are used

as transmitter antennas. In addition, the integrated circuit 602 is provided so as to be

electrically connected to the antennas.

[0054]

FIG 3B is an example of the cross-sectional view of the substrate 301 and the

substrate 601 after being attached to each other. As illustrated in FIG 3B, the substrate

601 is attached on a back side of the substrate 301. The substrate 601 is attached on the

back side of the substrate 301 so that a side on which the signal antenna 605 and the like

are provided corresponds to the substrate 301 side. At the time of the attachment, the

substrate 301 and the substrate 601 are provided so that the signal antenna 305 and the

signal antenna 605 overlap with each other when viewed from above. In addition, the

substrate 301 and the substrate 601 are provided so that the power antenna 306 and the

power antenna 606 overlap with each other when viewed from above. In this manner, the

receiver antennas (the signal antenna 305 and the power antenna 306) and the transmitter

antennas (the signal antenna 605 and the power antenna 606) overlap with each other with

the substrate 301 provided therebetween to be fixed to each other.

[0055]

In this embodiment, flexible substrates are used as the substrate 301 and the

substrate 601. A flexible substrate is a substrate that can be bent (is flexible), for example,

a plastic substrate including polycarbonate, polyarylate, or polyether sulfone, or the like.

Alternatively, a film (a film including polypropylene, polyester, vinyl, polyvinyl fluoride,

vinyl chloride, or the like), an inorganic vapor deposition film, or the like can be used.

[0056]

The flexible substrate is bent in some cases. Thus, for example, in the case

where the receiver antenna is provided over the flexible substrate and the transmitter

antenna is provided over a different substrate, the distance between the receiver antenna

and the transmitter antenna cannot be kept constant in some cases. However, in this

embodiment, the receiver antennas (the signal antenna 305 and the power antenna 306) and

the transmitter antennas (the signal antenna 605 and the power antenna 606) are fixed to

the substrate 301. Thus, even in the case where the substrate 301 is bent as illustrated in



FIG 3B, the distance between the receiver antenna and the transmitter antenna can be kept

constant. Accordingly, even in the case where the substrate 301 is bent, signals and

power can be received highly efficiently.

[0057]

In this manner, in the semiconductor device of this embodiment, the substrate 301

can be bent. The semiconductor device can have various structures when the substrate

301 is bent. Any substrate can be used as the substrate 301 as long as it has a certain

thickness and includes a material which transmits an electromagnetic wave with frequency

used for transmission and reception of signals and power. An insulating material can be

used as a material which transmits an electromagnetic wave with frequency used for

transmission and reception of signals and power. In addition, a flexible substrate can be

used as the substrate 601 attached to the substrate 301. When a flexible substrate is used

as the substrate 601, in the case where the substrate 301 is bent, the substrate 601 is bent

similarly. Therefore, even in the case where the substrate is bent, the distance between

the antennas can be kept constant.

[0058]

In this embodiment, the problem of contact failure generated in an FPC terminal

portion can be solved when signals and power are supplied wirelessly without the use of an

FPC. In addition, even in the case where signals and power are supplied wirelessly, the

signals and power can be received highly efficiently. Further, even in the case where

vibration is caused or the temperature is changed, the distance between the antennas can be

kept constant, so that signals and power can be received highly efficiently.

[0059]

Furthermore, even in the case where a flexible substrate is used as the substrate,

the distance between the antennas can be kept constant, so that signals and power can be

received highly efficiently. Therefore, the semiconductor device can have various

structures when the substrate is bent.

[0060]

This embodiment can be combined with any of the other embodiments and the

examples as appropriate.



[0061]

[Embodiment 3]

In this embodiment, examples of the structure and operation of a semiconductor

device which is one embodiment of the disclosed invention are described with reference to

FIG 4 and FIG 5. In this embodiment, an example in which a semiconductor device is a

display is described.

[0062]

FIG. 4 is an example of the block diagram of the semiconductor device described

in this embodiment. Here, the substrate 301 included in the semiconductor device is

described.

[0063]

As illustrated in FIG 4, the substrate 301 includes the signal processing portion

307 having the signal antenna 305, the power source portion 308 having the power antenna

306, the pixel portion 302, and the scan line driver circuit 303 and the signal line driver

circuit 304 for driving the pixel portion 302.

[0064]

The signal processing portion 307 includes the signal antenna 305, a demodulation

circuit 311, a clock generator 312, a signal processing circuit 313, a memory circuit 314, a

memory circuit 315, a display controller 316, and the like. The power source portion 308

includes the power antenna 306, a rectifier circuit 321, a battery (or a capacitor) 322, a

DC-DC converter 323, and the like. The signal antenna 305 and the power antenna 306

are used as receiver antennas.

[0065]

FIG 5 shows the waveform of a signal input to the signal antenna 305 included in

the semiconductor device described in this embodiment. The signal is modulated and

includes a modulated wave 702 and a non-modulated wave 701. The reliability of the

modulated wave can be improved when the modulated wave is encoded to be transmitted.

Manchester encoding, deformable mirrors, NRZ, or the like can be used as the encoding

method; however, this embodiment is not limited to this.

[0066]



In addition, 13.56 MHz can be used as the frequency of the non-modulated wave

701; however, the frequency of the non-modulated wave 701 is not limited to this

frequency. The amount of data can be increased when the frequency is made high.

[0067]

Next, the operation of the semiconductor device in this embodiment is described.

A signal input to the signal antenna 305 is input to the demodulation circuit 311 and the

clock generator 312. A modulated wave (the modulated wave 702 shown in FIG. 5) is

demodulated in the demodulation circuit 311. The demodulation circuit 311 includes a

rectifier circuit having a diode, for example; however, this embodiment is not limited to

this. Further, the clock generator 312 generates a clock signal with the use of a

non-modulated wave (the non-modulated wave 701 shown in FIG 5). The clock signal

may have the frequency of the non-modulated wave (the non-modulated wave 701 shown

in FIG. 5) or frequency which is lowered using a frequency divider.

[0068]

The demodulated signal and the clock signal are input to the signal processing

circuit 313 and decoded to be original image signals. The image signals are input to the

memory circuit 314, the memory circuit 315, and the display controller 316. From the

image signals, the display controller 316 outputs clock signals, start pulses, latch pulses,

and the like for the scan line driver circuit 303 and the signal line driver circuit 304 which

drive the pixel portion 302. Further, the signal processing circuit 313 extracts data to be

input to the pixel portion 302 from the image signals and inputs the data to the memory

circuit 314 and the memory circuit 315. Two memory circuits are provided in order that

while the transmitted data is stored in one memory, data be read from the other memory to

be displayed. When subsequent data is stored, the memory for storing the data and the

memory for reading the data may be interchanged with each other.

[0069]

Then, the power source portion 308 is described. The power source portion 308

includes the power antenna 306, the rectifier circuit 321, the battery (or the capacitor) 322,

the DC-DC converter 323, and the like. A demodulation circuit having a diode is

generally used for the rectifier circuit 321; however, this embodiment is not limited to this.



Rectified voltage is stored in the battery (or the capacitor) 322. Then, power (also

referred to as power supply voltage) is supplied to the signal processing portion 307, the

scan line driver circuit 303, and the signal line driver circuit 304 through the DC-DC

converter 323. Frequency for power supply does not necessarily correspond to frequency

for signal supply. The frequencies may be different from each other.

[0070]

Circuits such as the demodulation circuit 311, the clock generator 312, the signal

processing circuit 313, the memory circuit 314, the memory circuit 315, the display

controller 316, the rectifier circuit 321, and the DC-DC converter 323 may each include a

transistor with the same structure as the transistor included in each of the plurality of pixels

in the pixel portion 302, may include a transistor with a structure which is different from

the structure of the transistor included in the pixel, or may be provided with an IC chip.

[0071]

The substrate 601 illustrated in FIGS. 2A to 2E and FIGS. 3A and 3B can be

attached to the substrate 301 included in the semiconductor device described in this

embodiment.

[0072]

In this embodiment, the problem of contact failure generated in an FPC terminal

portion can be solved when signals and power are supplied wirelessly without the use of an

FPC. In addition, even in the case where signals and power are supplied wirelessly, the

signals and power can be received highly efficiently. Further, even in the case where

vibration is caused or the temperature is changed, the distance between the antennas can be

kept constant, so that signals and power can be received highly efficiently.

[0073]

This embodiment can be combined with any of the other embodiments and the

examples as appropriate.

[0074]

[Embodiment 4]

In this embodiment, an example of a semiconductor device which is one

embodiment of the disclosed invention is described with reference to FIG 6. In this



embodiment, an example in which one antenna is used as a signal antenna and a power

antenna is described. Further, in this embodiment, an example in which a semiconductor

device is a display is described.

[0075]

FIG 6 is an example of the block diagram of the semiconductor device described

in this embodiment. Here, the substrate 301 included in the semiconductor device is

described.

[0076]

As illustrated in FIG 6, the substrate 301 includes an antenna 335, the signal

processing portion 307, the power source portion 308, the pixel portion 302, and the scan

line driver circuit 303 and the signal line driver circuit 304 for driving the pixel portion

302.

[0077]

The antenna 335 serves as both a signal antenna and a power antenna. The

antenna 335 is used as a receiver antenna. When one antenna is used as a signal antenna

and a power antenna in this manner, a space in which an antenna is provided can be saved.

In that case, frequency for power supply and frequency for signal supply are the same.

[0078]

The structures and operations (except the structure and operation of the antenna

335) are similar to those in FIG. 4.

[0079]

The substrate 601 illustrated in FIGS. 2A to 2E and FIGS. 3A and 3B can be

attached to the substrate 301 included in the semiconductor device described in this

embodiment.

[0080]

In this embodiment, the problem of contact failure generated in an FPC terminal

portion can be solved when signals and power are supplied wirelessly without the use of an

FPC. In addition, even in the case where signals and power are supplied wirelessly, the

signals and power can be received highly efficiently. Further, even in the case where

vibration is caused or the temperature is changed, the distance between the antennas can be



kept constant, so that signals and power can be received highly efficiently. Furthermore, a

space in which an antenna is provided can be saved.

[0081]

This embodiment can be combined with any of the other embodiments and the

examples as appropriate.

[0082]

[Embodiment 5]

In this embodiment, examples of a semiconductor device which is one

embodiment of the disclosed invention are described with reference to FIGS. 7A and 7B

and FIGS. 8A to 8C. In this embodiment, examples of a pixel portion included in the

semiconductor device and a driver circuit which drives the pixel portion when the

semiconductor device is a display are described. Specifically, in this embodiment,

examples of the pixel portion and the driver circuit which drives the pixel portion when the

semiconductor device is an active-matrix liquid crystal display where transistors are

arranged in matrix in the pixel portion are described with reference to FIGS. 7A and 7B

and FIGS. 8A to 8C. In this embodiment, a liquid crystal element is used as a display

element.

[0083]

FIG. 7A illustrates a structure example of the liquid crystal display. As illustrated

in FIG 7A, the liquid crystal display includes the scan line driver circuit 303, the signal

line driver circuit 304, and the pixel portion 302. The pixel portion 302 includes a

plurality of pixels 14 arranged in matrix. FIG 7B illustrates a structure example of the

pixel. The pixel 14 illustrated in FIG 7B includes a transistor 15, a liquid crystal element

16, and a capacitor 17. A gate terminal of the transistor 15 is electrically connected to the

scan line driver circuit 303. A first terminal of the transistor 15 is electrically connected

to the signal line driver circuit 304. One terminal of the liquid crystal element 16 is

electrically connected to a second terminal of the transistor 15. The other terminal of the

liquid crystal element 16 is electrically connected to a wiring for supplying a common

potential (
CO

m). One terminal of the capacitor 17 is electrically connected to the second

terminal of the transistor 15 and the one terminal of the liquid crystal element 16. The



other terminal of the capacitor 17 is electrically connected to a wiring for supplying the

common potential (V o ) . For the scan line driver circuit 303 and the signal line driver

circuit 304, transistors provided over the substrate included in the semiconductor device

that are similar to the transistors 15 in the pixel portion may be used, or an IC chip may be

attached onto the substrate included in the semiconductor device by chip on glass (COG).

[0084]

In the liquid crystal display of this embodiment, on/off of the transistor 15 is

controlled by the scan line driver circuit 303, and an image signal is input to the liquid

crystal element 16 from the signal line driver circuit 304 through the transistor 15. Note

that the liquid crystal element 16 includes a liquid crystal layer held between the one

terminal and the other terminal. Voltage which corresponds to a difference between the

potential of the image signal and the common potential (Vcom ) is applied to the liquid

crystal layer and is used for control of the alignment of the liquid crystal layer. In the

liquid crystal display of this embodiment, display of the pixel 14 is controlled utilizing the

alignment. Note that the capacitor17 is provided in order to hold voltage applied to the

liquid crystal element 16.

[0085]

Further, in the liquid crystal display described in this embodiment, when the

operation of the scan line driver circuit 303 and the signal line driver circuit 304 is

controlled by the display controller 316, input of an image signal to the pixel portion 302

can be selected.

[0086]

<Transistor>

The transistor 15 is a transistor whose channel formation region includes an oxide

semiconductor layer. The oxide semiconductor layer is an oxide semiconductor layer

which is high-purity and is made to be electrically i-type (intrinsic) or substantially i-type

(intrinsic) by drastic removal of an impurity that causes variation in electrical

characteristics of the transistor, such as hydrogen, moisture, a hydroxyl group, or hydride

and by supply of oxygen which is a main component of the oxide semiconductor that is

simultaneously reduced in a step of removing the impurity. Note that the oxide



semiconductor included in the oxide semiconductor layer has a band gap of 3.0 eV or

more.

[0087]

Further, the number of carriers in the high-purity oxide semiconductor is

significantly small (close to zero), and the carrier density of the oxide semiconductor is

significantly low (e.g., lower than 1 x 1012 /cm3, preferably lower than 1 x 1011 /cm3).

Thus, the off-state current of the transistor is significantly low. Therefore, in the transistor,

off-state current per micrometer of the channel width (W) at room temperature can be 1

aA/µπ (1 x 10~18 Α/µπ ) or less, or less than 100 ζΑ µπι (1 x 10~ 9 Α µ ). Note that in

general, in the case of a transistor including amorphous silicon, off-state current at room

temperature is 1 x 10 Α µπ or more. Further, hot carrier degradation does not occur in

the transistor. Accordingly, the electrical characteristics of the transistor are not adversely

affected by hot carrier degradation.

[0088]

Thus, an image signal can be held in each of the pixels 14 for a longer period.

That is, an interval between rewrites of image signals when still images are displayed can

be extended. For example, an interval between writes of image signals can be 10 seconds

or longer, preferably 30 seconds or longer, more preferably 1 minute or longer and shorter

than 10 minutes. When the interval between writes of image signals is extended, power

consumption can be reduced by the extended interval.

[0089]

Note that the resistance to flow of the off-state current of a transistor can be

referred to as off-state resistivity. The off-state resistivity is resistivity of a channel

formation region when the transistor is off, and the off-state resistivity can be calculated

from the off-state current.

[0090]

Specifically, if the amount of off-state current and the level of drain voltage are

known, resistance when the transistor is off (off resistance R) can be calculated using

Ohm's law. In addition, if a cross section A of the channel formation region and the

length L of the channel formation region (the length corresponds to a distance between a



source electrode and a drain electrode) are known, off-state resistivity p can be calculated

from the formula p = RAIL (R is off resistance).

[0091]

Here, the cross section A can be calculated from the formula A = d W (d is the

thickness of the channel formation region and W is the channel width). In addition, the

length L of the channel formation region is channel length L . In this manner, the off-state

resistivity can be calculated from the off-state current.

[0092]

The off-state resistivity of the transistor including an oxide semiconductor layer in

this embodiment is preferably 1 x 1011 Ω -cm (100 G cm) or more, more preferably 1 x

10 12 Ω -cm (1 ΤΩ -cm) or more.

[0093]

By drastically removing hydrogen contained in an oxide semiconductor layer as

described above, in a transistor which includes a high-purity oxide semiconductor layer in

a channel formation region, the amount of off-state current can be significantly reduced.

In other words, in circuit design, the oxide semiconductor layer can be regarded as an

insulator when the transistor is off (non-conducting). In contrast, the current supply

capability of a transistor which includes an oxide semiconductor in a channel formation

region is expected to be higher than that of a transistor including amorphous silicon when

the transistor is on (conducting).

[0094]

A transistor including low-temperature polysilicon is designed on the assumption

that off-state current at room temperature is about 10000 times that of a transistor including

an oxide semiconductor. Therefore, in the case where the transistor including an oxide

semiconductor is compared with the transistor including low-temperature polysilicon, the

voltage hold time of the transistor including an oxide semiconductor can be extended about

10000 times when storage capacitances are equal or substantially equal to each other

(about 0.1 pF). Accordingly, still images can be displayed even by less frequent writing

of image signals.

[0095]



When the image signal hold time of the pixels 14 is extended as described above,

the frequency of supply of image signals to the pixels can be reduced. In one

embodiment of the present invention, signals are transmitted and received wirelessly

(without contact). Therefore, a technique by which a transistor including an oxide

semiconductor is used as a transistor in a pixel and write frequency and transmitting and

receiving speed of signals can be lowered as described above is very useful in one

embodiment of the present invention. Display degradation (change) in the pixel can be

suppressed when the transistor is used as a transistor for controlling input of an image

signal to the pixel.

[0096]

Further, when the transistor is used as a switch for controlling input of an image

signal to a pixel, the size of a capacitor provided in the pixel can be made small. Thus,

the aperture ratio of the pixel can be improved and an image signal can be input to the pixel

at high speed, for example.

[0097]

Note that in this specification, a semiconductor with a carrier concentration lower

than 1 x 10 11 /cm3 is called an intrinsic (i-type) semiconductor, and a semiconductor with a

carrier concentration higher than or equal to 1 x 1011 /cm3 and lower than 1 x 1012 /cm3 is

called a substantially intrinsic (substantially i-type) semiconductor.

[0098]

<Liquid crystal element and capacitor>

In the case where the transistor is used as the transistor 15 for controlling input of

an image signal, it is preferable that a substance with high specific resistivity be used as the

liquid crystal material of the liquid crystal element 16. Here, the reason for using a

substance with high specific resistivity is described with reference to FIGS. 8A to 8C.

Note that FIG 8B is a schematic view for illustrating the leak path of an image signal in a

pixel which includes a transistor including amorphous silicon and the leak path of an image

signal in a pixel which includes the transistor including an oxide semiconductor.

[0099]

As illustrated in FIG 7B, the pixel includes the transistor 15, the liquid crystal



element 16, and the capacitor 17. The circuit illustrated in FIG 7B is equivalent to a

circuit illustrated in FIG 8A when the transistor 15 is off. That is, the circuit illustrated in

FIG 7B is equivalent to a circuit in which the transistor 15 is assumed to be a resistor

(R Tr-off), d the liquid crystal element 16 is assumed to include a resistor (R Lc) and a

capacitor (CLC)- When an image signal is input to the pixel, the image signal is stored in

the capacitor 17 (Cs) and the capacitor of the liquid crystal element 16 (CLC) (see FIG 7B

and FIG 8A). Then, when the transistor 15 is turned off, the image signal leaks through

the transistor 15 and the liquid crystal element 16, as illustrated in FIGS. 8B and 8C.

Note that FIG 8B is a schematic view illustrating leak of an image signal when the

transistor is a transistor 25 including amorphous silicon, and FIG 8C is a schematic view

illustrating leak of an image signal when the transistor is the transistor 15 including an

oxide semiconductor. The off-state resistance of the transistor 25 including amorphous

silicon is lower than the resistance of the liquid crystal element. Therefore, the image

signal leaks mainly through the transistor 25 including amorphous silicon, as illustrated in

FIG 8B (i.e., the image signal leaks mainly through a path A and a path B in FIG. 8B). In

contrast, the off-state resistance of the transistor 15 including a high-purity oxide

semiconductor is higher than the resistance of the liquid crystal element. Therefore, the

image signal leaks mainly through the liquid crystal element, as illustrated in FIG 8C (i.e.,

the image signal leaks mainly through a path C and a path D in FIG 8C).

[0100]

In other words, although characteristics of a transistor provided in each pixel of a

liquid crystal display have been conventionally a rate-controlling point in image signal

holding characteristics in each pixel, when the transistor 15 including a high-purity oxide

semiconductor is used as a transistor provided in each pixel, a rate-controlling point therein

is shifted to the resistance of a liquid crystal element. Therefore, it is preferable that a

substance with high specific resistivity be used as the liquid crystal material of the liquid

crystal element 16.

[0101]

Specifically, in a liquid crystal display device whose pixel is provided with the

transistor 15 including a high-purity oxide semiconductor, the specific resistivity of a liquid



crystal material is preferably 1 x 1012 Ω -cm (1 ΤΩ-cm) or higher, more preferably higher

than 1 x 1013 Ω-cm (10 ΤΩ-cm), still preferably higher than 1 x 1014 Ω -cm (100 ΤΩ -cm).

The specific resistance in this specification is measured at 20 °C.

[0102]

In the still image hold period, the other terminal of the liquid crystal element 16

can be made to be in a floating state without being supplied with the common potential

- Specifically, a switch may be provided between the terminal and a power source

for supplying the common potential ( com). The switch may be turned on in a writing

period so that the common potential ( com) may be supplied from the power source. Then,

the switch may be turned off in the remaining hold period and the terminal may be made to

be in a floating state. It is preferable that the transistor including a high-purity oxide

semiconductor be used for the switch. When the other terminal of the liquid crystal

element 16 is made to be in a floating state, display degradation (change) in the pixel 14

due to an irregular pulse or the like can be suppressed. The reason is described as follows.

When the potential of the first terminal of the transistor 15 which is off fluctuates by an

irregular pulse, the potential of the one terminal of the liquid crystal element 16 also

fluctuates by capacitive coupling. At this time, if the common potential ( com)-is supplied

to the other terminal of the liquid crystal element 16, the fluctuation in potential is directly

linked to the change in voltage applied to the liquid crystal element 16. When the other

terminal of the liquid crystal element 16 is in a floating state, the potential of the other

terminal fluctuates by capacitive coupling. Accordingly, even when the potential of the

first terminal of the transistor 15 fluctuates by an irregular pulse, the change in voltage

applied to the liquid crystal element 16 can be reduced. Therefore, display degradation

(change) in the pixel 14 can be suppressed.

[0103]

The capacitance of the capacitor 17 (Cs) is set in consideration of the off-state

current of a transistor in each pixel, or the like. Note that a variety of numeric values in

the above description are estimates.

[0104]

A reflective liquid crystal element is preferably used as a liquid crystal element



used in this embodiment. A reflective liquid crystal element can be obtained by formation

of a reflective electrode as a pixel electrode. Thus, power consumed by a backlight can

be reduced, so that the power consumption of the semiconductor device can be reduced.

[0105]

In addition, although an example in which a liquid crystal element is used as a

display element is described in this embodiment, a light-emitting element or an

electrophoretic element can be used instead of the liquid crystal element. When an

electrophoretic element is used, power consumption can be reduced. Further, when an

electrophoretic element or a light-emitting element is used, a substrate which can be bent

can be employed easily.

[0106]

The transistor including an oxide semiconductor in this embodiment has an

electrical characteristic of much lower off-state current than a transistor including silicon or

the like. Therefore, when the transistor including an oxide semiconductor in this

embodiment is used as a transistor in a pixel portion, an image signal written to the display

element can be held for a long period without a change in the circuit structure or the like of

the pixel. Accordingly, in the case where still images or the like is displayed, write

frequency can be lowered. Thus, power consumption can be reduced.

[0107]

With the transistor, an image signal written to the display element can be held for

a long period. Accordingly, even in the case where write frequency is low, degradation

(change) in display of the pixel can be suppressed.

[0108]

A substrate including the pixel portion and the like in this embodiment can be used

as the substrate 301 illustrated in FIG 1, FIGS. 2A to 2E, FIGS. 3A and 3B, FIG 4, and

FIG 6. That is, the substrate 601 illustrated in FIGS. 2A to 2E and FIGS. 3A and 3B can

be attached to the substrate including the pixel portion and the like in this embodiment.

[0109]

This embodiment can be combined with any of the other embodiments and the

examples as appropriate.



[0110]

[Embodiment 6]

In this embodiment, an example of the operation of a semiconductor device which

is one embodiment of the disclosed invention is described with reference to FIG 4 and FIG

5. In this embodiment, the relationship between the frequency of an image signal and

image processing is described.

[0111]

FIG 5 shows the waveform of a signal input to the signal antenna 305 included in

the semiconductor device described in this embodiment. The signal is modulated and

includes the modulated wave 702 and the non-modulated wave 701.

[0112]

13.56 MHz can be used as the frequency of the non-modulated wave 701. In that

case, it is preferable that the modulated wave have a frequency less than or equal to 1/8 the

frequency of the non-modulated wave. When the frequency of the modulated wave is 1/8

the frequency of the non-modulated wave, the frequency of the modulated wave is 1.695

MHz. When the number of pixels in the pixel portion 302 included in the semiconductor

device is VGA (640 x 480 dots), images cannot be displayed without any operation

because the dot clock of VGA is originally 25 MHz.

[0113]

In addition, when the number of colors in the display is 65500, 16 bits are needed

in each pixel. The frequency is obtained in the case of a monochrome 1 bit. Thus, the

frequency is 1/16 in the case of 16 bits, so that the frequency is 106 kHz. The frequency

is 1/236 the dot clock of VGA (25 MHz).

[0114]

In general, image signals are written 60 times per second (at 60 fps). However,

in the semiconductor device described in this embodiment, write frequency is decreased to

1/236. Accordingly, an image signal is written once about every four seconds (at about

0.25 fps).

[0115]

Therefore, in the case where a transistor including amorphous silicon or a



transistor including polysilicon is used in the pixel, image signals cannot be held for four

seconds. Thus, it is necessary to reduce the number of image signals by the decrease in

the number of pixels or the decrease in the number of colors as compared to VGA.

[0116]

In contrast, in the semiconductor device described in this embodiment, as

illustrated in FIGS. 7A and 7B and FIGS. 8A to 8C, a transistor including a high-purity

oxide semiconductor layer is used as the transistor included in the pixel. Thus, image

signals can be held for a long period because the off-state current of the transistor included

in the pixel at room temperature can be 1 aA/µπ or lower, or lower than 100 ζΑ/µ when

the high-purity oxide semiconductor layer is used as described above. For example, in the

case where an image with the resolution of VGA or the like is displayed, the image signal

can be held for 2000 seconds (i.e., 30 minutes or longer) when a transistor whose off-state

current is 1 aA/µπ or lower is used as the transistor in the pixel. Further, an image signal

can be held for 20000 seconds (i.e., 330 minutes or longer) when a transistor whose

off-state current is lower than 100 ζΑ/µπ is used. Accordingly, in the semiconductor

device described in this embodiment, an image with the resolution of VGA or higher can

be displayed.

[0117]

According to this embodiment, the problem of contact failure generated in an FPC

terminal portion can be solved when signals and power are supplied wirelessly without the

use of an FPC. In addition, even in the case where signals and power are supplied

wirelessly, the signals and power can be received highly efficiently. Further, even in the

case where vibration is caused or the temperature is changed, the distance between

antennas can be kept constant, so that signals and power can be received highly efficiently.

Furthermore, an image with the resolution of VGA or the like can be displayed.

[0118]

This embodiment can be combined with any of the other embodiments and the

examples as appropriate.

[0119]

[Embodiment 7]



In this embodiment, an example of a transistor in a pixel portion included in a

semiconductor device which is one embodiment of the disclosed invention is described

with reference to FIGS. 9Ato 9D.

[0120]

FIGS. 9A to 9D are cross-sectional views illustrating examples of the structure of

the transistor illustrated in FIGS. 7A and 7B and a method for manufacturing the transistor.

A transistor 410 illustrated in FIG. 9D has a kind of bottom-gate structure called an

inverted-staggered structure. Further, the transistor 410 has a channel-etched structure.

Furthermore, the transistor 410 has a single-gate structure.

[0121]

However, the structure of the transistor is not limited to the above. The transistor

may have a top-gate structure. Further, the transistor may have a channel-stop structure.

Furthermore, the transistor may have a multi-gate structure.

[0122]

Steps of manufacturing the transistor 410 over a substrate 400 are described below

with reference to FIGS. 9Ato 9D.

[0123]

First, a gate electrode layer 411 is formed over the substrate 400 having an

insulating surface (see FIG 9A).

[0124]

Although there is no particular limitation on a substrate which can be used as the

substrate 400 having an insulating surface, it is necessary that the substrate have at least

heat resistance high enough to withstand heat treatment to be performed later.

[0125]

An insulating film serving as a base film may be provided between the substrate

400 and the gate electrode layer 411. The base film has a function of preventing diffusion

of an impurity element from the substrate 400, and can be formed to have a single-layer

structure or a layered structure including one or more films selected from a silicon nitride

film, a silicon oxide film, a silicon nitride oxide film, or a silicon oxynitride film. Here, a

100-nm-thick silicon nitride film is formed by plasma-enhanced CVD, and a 150-nm-thick



silicon oxynitride film (SiON film) is formed over the silicon nitride film by

plasma-enhanced CVD.

[0126]

Note that the base film is preferably formed so as to contain impurities such as

hydrogen and water as little as possible.

[0127]

A conductive layer is formed over the substrate 400 and is selectively etched

through a first photolithography process, so that the gate electrode layer 411 can be

formed.

[0128]

The gate electrode layer 411 can be formed to have a single-layer structure or a

layered structure including a metal material such as molybdenum, titanium, chromium,

tantalum, tungsten, aluminum, copper, neodymium, or scandium, or an alloy material

which includes any of these metal elements as a main component. Here, a 100-nm-thick

tungsten film is formed by sputtering and is etched to be the gate electrode layer 411.

[0129]

Then, a gate insulating layer 402 is formed over the gate electrode layer 411 (see

FIG 9A).

[0130]

The gate insulating layer 402 can be formed to have a single-layer structure or a

layered structure including a silicon oxide layer, a silicon nitride layer, a silicon oxynitride

layer, a silicon nitride oxide layer, or an aluminum oxide layer by plasma-enhanced CVD,

sputtering, or the like. For example, a silicon oxynitride layer may be formed using silane

(S1H4), oxygen, and nitrogen as a deposition gas by plasma-enhanced CVD. Alternatively,

a high-k material such as hafnium oxide (HfO*) or tantalum oxide (TaO*) can be used for

the gate insulating layer. The thickness of the gate insulating layer 402 can be, for

example, 10 to 500 nm.

[0131]

Here, a 30-nm-thick silicon oxynitride film which serves as a gate insulating layer

is formed over the gate electrode layer 411 by high-density plasma-enhanced CVD using



microwaves (e.g., a frequency of 2.45 GHz). The high-density plasma-enhanced CVD

using microwaves is preferable because the dense high-quality insulating layer 402 having

high withstand voltage can be formed. When an oxide semiconductor layer and the

high-quality gate insulating layer 402 are in close contact with each other, interface state

density can be reduced and interface properties can be favorable.

[0132]

Note that the gate insulating layer 402 is preferably formed so as to contain

impurities such as hydrogen and water as little as possible.

[0133]

Then, an oxide semiconductor film 430 is formed over the gate insulating layer

402 (see FIG 9A). The oxide semiconductor film 430 can be formed by sputtering. The

thickness of the oxide semiconductor film 430 can be 2 to 200 nm.

[0134]

Note that before the oxide semiconductor film 430 is formed by sputtering, it is

preferable to perform reverse sputtering in which an argon gas is introduced and plasma is

generated. Powdery substances (also referred to as particles or dust) on a surface of the

gate insulating layer 402 can be removed by the reverse sputtering. The reverse

sputtering is a method in which, without application of voltage to a target side, an RF

power source is used for application of voltage to a substrate side and plasma is generated

so that a substrate surface is modified. Note that nitrogen, helium, oxygen, or the like

may be used instead of the argon atmosphere.

[0135]

As the oxide semiconductor film 430, an In-Ga-Zn-O-based material, an

In-Sn-O-based material, an In-Sn-Zn-O-based material, an In-Al-Zn-O-based material, a

Sn-Ga-Zn-O-based material, an Al-Ga-Zn-O-based material, a Sn-Al-Zn-O-based material,

an In-Zn-O-based material, a Sn-Zn-O-based material, an Al-Zn-O-based material, an

In-O-based material, a Sn-O-based material, or a Zn-O-based material can be used. In

addition, the material may contain Si0 2.

[0136]

The oxide semiconductor film 430 can be formed by sputtering in a rare gas



(typically argon) atmosphere, an oxygen atmosphere, or an atmosphere including a rare gas

(typically argon) and oxygen.

[0137]

Here, a 30-nm-thick oxide semiconductor layer is formed by sputtering with the

use of an In-Ga-Zn-O-based metal oxide target that contains In, Ga, and Zn (ln 0 3: Ga20 3:

ZnO = 1:1:2 in a molar ratio). Note that a sputtering gas has a flow rate of Ar/0 = 0/20

seem (oxygen: 100%); the temperature of the substrate is room temperature; deposition

pressure is 0.6 Pa; and deposition power is 0.5 kW.

[0138]

Note that the oxide semiconductor film 430 is preferably formed so as to contain

impurities such as hydrogen and water as little as possible.

[0139]

Then, the oxide semiconductor film 430 is selectively etched through a second

photolithography process, so that an island-shaped oxide semiconductor layer 431 is

formed (see FIG. 9B). The oxide semiconductor film 430 can be etched by wet etching.

However, this embodiment is not limited to this. The oxide semiconductor film 430 may

be etched by dry etching.

[0140]

Then, first heat treatment is performed on the oxide semiconductor layer 431.

Excessive water (including a hydroxyl group), hydrogen, or the like contained in the oxide

semiconductor layer 431 can be removed by the first heat treatment. The temperature of

the first heat treatment is higher than or equal to 350 °C and lower than the strain point of

the substrate, preferably higher than or equal to 400 °C and lower than the strain point of

the substrate.

[0141]

The oxide semiconductor layer can be dehydrated or dehydrogenated when the

first heat treatment is performed at a temperature of 350 °C or higher, so that the

concentration of hydrogen in the oxide semiconductor layer can be lowered. When the

first heat treatment is performed at a temperature of 450 °C or higher, the concentration of

hydrogen in the oxide semiconductor layer can be further lowered. When the first heat



treatment is performed at a temperature of 550 °C or higher, the concentration of hydrogen

in the oxide semiconductor layer can be further lowered

[0142]

As the atmosphere in which the first heat treatment is performed, it is preferable to

employ an inert gas that contains nitrogen or a rare gas (e.g., helium, neon, or argon) as a

main component and does not contain water, hydrogen, or the like. For example, the

purity of a gas introduced into a heat treatment apparatus can be 6N (99.9999%) or more,

preferably 7N (99.99999%) or more. Thus, during the first heat treatment, it is possible to

prevent entry of water or hydrogen while the oxide semiconductor layer 431 is not exposed

to the air.

[0143]

Note that the heat treatment apparatus is not limited to an electric furnace, and

may be provided with a device for heating an object to be processed by thermal conduction

or thermal radiation from a heater such as a resistance heater. For example, an RTA (rapid

thermal annealing) apparatus such as a GRTA(gas rapid thermal annealing) apparatus or an

LRTA (lamp rapid thermal annealing) apparatus can be used. An LRTA apparatus is an

apparatus for heating an object to be processed by radiation of light (an electromagnetic

wave) emitted from a lamp such as a halogen lamp, a metal halide lamp, a xenon arc lamp,

a carbon arc lamp, a high-pressure sodium lamp, or a high-pressure mercury lamp. A

GRTA apparatus is an apparatus with which heat treatment is performed using a

high-temperature gas. An inert gas which does not react with an object to be processed

by heat treatment, nitrogen or a rare gas (e.g., argon), is used as the gas.

[0144]

In this embodiment, as the first heat treatment, heat treatment is performed at 650

°C for six minutes in a nitrogen atmosphere with the use of a GRTA apparatus.

[0145]

In addition, the first heat treatment for the oxide semiconductor layer can be

performed on the oxide semiconductor film 430 before being processed into the

island-shaped oxide semiconductor layer. In that case, after the first heat treatment, the

second photolithography process is performed.



[0146]

The first heat treatment for the oxide semiconductor layer may be performed after

a source electrode layer and a drain electrode layer are formed over the oxide

semiconductor layer or after a protective insulating film is formed over the source

electrode layer and the drain electrode layer.

[0147]

After that, a conductive layer is formed so as to cover the gate insulating layer 402

and the oxide semiconductor layer 431 and is etched through a third photolithography

process, so that a source electrode layer 415a and a drain electrode layer 415b are formed

(see FIG 9C).

[0148]

As the material of the conductive layer, an element selected from aluminum,

chromium, copper, tantalum, titanium, molybdenum, or tungsten; an alloy containing the

element as a component; or the like can be used. A material including aluminum and one

or more elements selected from titanium, tantalum, tungsten, molybdenum, chromium,

neodymium, and scandium may be used. A material selected from manganese,

magnesium, zirconium, beryllium, or yttrium may be used. Alternatively, a material

including aluminum and one or more elements selected from titanium, tantalum, tungsten,

molybdenum, chromium, neodymium, or scandium may be used.

[0149]

Alternatively, the conductive layer may be formed using an oxide conductive film.

As the oxide conductive film, indium oxide (Ιη20 3), tin oxide (Sn0 2), zinc oxide (ZnO), an

alloy of indium oxide and tin oxide (In20 3-Sn0 2, which is abbreviated as ITO in some

cases), an alloy of indium oxide and zinc oxide (In20 3-ZnO), or any of these oxide

conductive materials including silicon or silicon oxide can be used.

[0150]

In that case, a material whose conductivity is higher or whose resistivity is lower

than a material used for the oxide semiconductor layer 431 is preferably used as the

material of the oxide conductive film. The conductivity of the oxide conductive film can

be increased by the increase in carrier concentration. Further, the carrier concentration in



the oxide conductive film can be increased by the increase in hydrogen concentration or the

increase in oxygen deficiency.

[0151]

The source electrode layer 415a and the drain electrode layer 415b may have a

single-layer structure or a layered structure including two or more layers.

[0152]

In this embodiment, a 100-nm-thick first titanium layer, a 200-nm-thick aluminum

layer, and a 100-nm-thick second titanium layer are sequentially formed over the oxide

semiconductor layer 431. Then, a stack film including the first titanium layer, the

aluminum layer, and the second titanium layer is etched, so that the source electrode layer

415a and the drain electrode layer 415b are formed (see FIG. 9C).

[0153]

In the case where heat treatment is performed after the formation of the

conductive layer, a conductive layer which has heat resistance high enough to withstand the

heat treatment is used.

[0154]

Note that each material and etching conditions are adjusted as appropriate so that

the oxide semiconductor layer 431 is not removed when the conductive layer is etched.

[0155]

Note that through the third photolithography process, only part of the oxide

semiconductor layer 431 is etched, so that an oxide semiconductor layer having a groove (a

depression) is formed in some cases.

[0156]

In order to reduce the number of photomasks used in the photolithography

processes and the number of processes, an etching process may be performed using a

multi-tone mask which is an exposure mask through which light is transmitted to have a

plurality of intensities. A resist mask formed using a multi-tone mask has a plurality of

thicknesses and can be changed in shape by ashing; thus, the resist mask can be used in a

plurality of etching processes for processing films into different patterns. Therefore, a

resist mask corresponding to at least two or more kinds of different patterns can be formed



by one multi-tone mask. Thus, the number of exposure masks and the number of

corresponding photolithography processes can be reduced, so that the process can be

simplified.

[0157]

Next, plasma treatment is performed using a gas such as nitrous oxide (N20),

nitrogen (N2), or argon (Ar). With this plasma treatment, absorbed water and the like

which attach to a surface of the oxide semiconductor layer exposed are removed.

Alternatively, plasma treatment may be performed using a mixture gas of oxygen and

argon.

[0158]

After the plasma treatment, an oxide insulating layer 416 which serves as a

protective insulating film and is in contact with part of the oxide semiconductor layer is

formed without exposure to the air (see FIG. 9D).

[0159]

The oxide insulating layer 416 can be formed by a method by which an impurity

such as water or hydrogen is not mixed, such as sputtering. The thickness of the oxide

insulating layer 416 can be at least 1 nm or more. When hydrogen is contained in the

oxide insulating layer 416, hydrogen enters the oxide semiconductor layer 431, so that a

backchannel of the oxide semiconductor layer 431 has lower resistance (has n-type

conductivity) and a parasitic channel might be formed. Therefore, it is important that a

deposition method in which hydrogen is not used be employed in order that the oxide

insulating layer 416 contain as little hydrogen as possible.

[0160]

The substrate temperature at the time of deposition is in the range of from room

temperature to 300 °C. Further, a deposition atmosphere can be a rare gas (typically

argon) atmosphere, an oxygen atmosphere, or an atmosphere including a rare gas (typically

argon) and oxygen.

[0161]

In this embodiment, the substrate is heated at a temperature of 200 °C before the

formation of the oxide insulating layer 416, and a 300-nm-thick silicon oxide film is



formed as the oxide insulating layer 416 so as to cover the source electrode layer 415a and

the drain electrode layer 415b. The silicon oxide film is formed using a silicon target by

sputtering in which oxygen is used as a sputtering gas.

[0162]

Then, second heat treatment (preferably at 200 to 400 °C, for example, 250 to

350 °C) is performed in an inert gas atmosphere or an oxygen gas atmosphere. For

example, the second heat treatment is performed at 250 °C for one hour in a nitrogen

atmosphere. Through the second heat treatment, part of the oxide semiconductor layer (a

channel formation region) is heated while being in contact with the oxide insulating layer

416. By the second heat treatment, oxygen can be supplied to the part of the oxide

semiconductor layer (the channel formation region). Thus, a channel formation region

413 which overlaps with the gate electrode layer 411 can be intrinsic. A source region

414a which overlaps with the source electrode layer 415a and a drain region 414b which

overlaps with the drain electrode layer 415b are formed in a self-aligning manner.

Through the steps, the transistor 410 is formed.

[0163]

A protective insulating layer may be formed over the oxide insulating layer 416.

For example, a silicon nitride film can be formed by RF sputtering. Since RF sputtering

has high productivity, it is preferably used as a deposition method of the protective

insulating layer. The protective insulating layer is preferably formed using an inorganic

insulating film which does not contain an impurity such as moisture, a hydrogen ion, and

OH and blocks entry of such an impurity from the outside. In this embodiment, as the

protective insulating layer, a protective insulating layer 403 is formed using a silicon

nitride film (see FIG 9D).

[0164]

Further, heat treatment may be performed at 100 to 200 °C for 1 to 30 hours in an

air atmosphere. Here, the heat treatment is performed at 150 °C for 10 hours. This heat

treatment may be performed at a fixed heating temperature. Alternatively, the following

change in the heating temperature may be conducted plural times repeatedly: the heating

temperature is increased from room temperature to a certain temperature of 100 to 200 °C



and then decreased to room temperature. Further, this heat treatment may be performed

under a reduced pressure before the formation of the oxide insulating layer. When the

heat treatment is performed under a reduced pressure, the heating time can be shortened.

Through this heat treatment, hydrogen is introduced from the oxide semiconductor layer

431 to the oxide insulating layer 416. That is, hydrogen can be further removed from the

oxide semiconductor layer.

[0165]

A bias temperature test (BT test) is performed on the transistor 410 at 85 °C and 2

x 106 V/cm for 12 hours. As a result, the electrical characteristics of the transistor hardly

changed and a transistor with stable electrical characteristics was able to be obtained.

[0166]

The transistor including an oxide semiconductor in this embodiment has an

electrical characteristic of much lower off-state current than a transistor including silicon or

the like. Therefore, when the transistor including an oxide semiconductor in this

embodiment is used as a transistor in a pixel portion, an image signal written to a display

element can be held for a long period without a change in the circuit structure or the like of

the pixel. Accordingly, in the case where still images or the like is displayed, write

frequency can be lowered. Thus, power consumption can be reduced.

[0167]

With the transistor, an image signal written to the display element can be held for

a long period. Accordingly, even in the case where write frequency is low, degradation

(change) in display of the pixel can be suppressed.

[0168]

A substrate including the transistor in this embodiment can be used as the

substrate 301 illustrated in FIG 1, FIGS. 2A to 2E, FIGS. 3A and 3B, FIG 4, and FIG. 6.

That is, the substrate 601 illustrated in FIGS. 2A to 2E and FIGS. 3A and 3B can be

attached to the substrate including the transistor in this embodiment.

[0169]

This embodiment can be combined with any of the other embodiments and the

examples as appropriate.



[Example 1]

[0170]

In this example, the evaluation of a transistor in a pixel portion included in a

semiconductor device which is one embodiment of the disclosed invention is described

with reference to FIG. 11, FIGS. 12A and 12B, and FIGS. 13A and 13B. In this example,

measured values of off-state current in a test element group (also referred to as TEG) are

described below.

[0171]

FIG 11 illustrates the initial characteristics of a transistor with L/W = 3 µπ /10000

µ ι in which 200 transistors with L/W = 3 µπ /50 µ each are connected in parallel. The

transistor includes a high-purity oxide semiconductor layer in a channel formation region.

In addition, the top view of the transistor is illustrated in FIG 12A and a partly enlarged top

view thereof is illustrated in FIG. 12B. The region enclosed by a dotted line in FIG. 12B

is a transistor of one stage with L/W = 3 µπι/50 µπ and L ov = 1.5 µπ . Note that here, L o

represents the length of a region where a source electrode layer or a drain electrode layer

overlaps with an oxide semiconductor layer in a channel length direction. In order to

measure the initial characteristics of the transistor, a change in characteristics of

source-drain current (hereinafter referred to as drain current or Id) when source-gate

voltage (hereinafter referred to as gate voltage or g) is changed, i.e., V - characteristics

were measured under condition that the substrate temperature was room temperature,

source-drain voltage (hereinafter referred to as drain voltage or Vd) was 1 V or 10 V, and V

was changed from -20 to +20 V. Note that FIG. 11 illustrates Vg in the range of from -20

to +5 V.

[0172]

As illustrated in FIG 11, the transistor with a channel width V of 10000 µπ has

an off-state current of 1 x 10 A or less at VA of 1 V and 10 V, which is less than or equal

to the detectuion limit of a measurement device (a semiconductor parameter analyzer,

Agilent 4156C manufactured by Agilent Technologies Inc.). That is, it is confirmed that

the off-state current of the transistor per micrometer in channel width is 10 aA/µπ or less.

Note that in the case where the channel length is 3 µ or more, the estimated off-state



current of the transistor per micrometer in channel width is 10 aA/µπ or less.

[0173]

Further, a transistor whose channel width W is 1000000 µ (1 m) was formed

similarly and measurement was conducted. As a result, it was confirmed that the off-state

current is 1 x 10 A or less, which is close to the detection limit of the measurement

device. That is, it was confirmed that the off-state current of the transistor per micrometer

in channel width is 1 aA/um or less.

[0174]

A method for manufacturing the transistor used for the measurement is described.

[0175]

First, as a base layer, by CVD, a silicon nitride layer was formed over a glass

substrate and a silicon oxynitride layer was formed over the silicon nitride layer. Over the

silicon oxynitride layer, a tungsten layer was formed as a gate electrode layer by sputtering.

Here, the tungsten layer was selectively etched so that the gate electrode layer was formed.

[0176]

Next, over the gate electrode layer, a 100-nm-thick silicon oxynitride layer was

formed as a gate insulating layer by CVD.

[0177]

Then, a 50-nm-thick oxide semiconductor layer was formed over the gate

insulating layer by sputtering with the use of an In-Ga-Zn-O-based metal oxide target

(ln 0 3: Ga20 3: ZnO = 1:1:2 in a molar ratio). After that, an island-shaped oxide

semiconductor layer was formed by selective etching of the oxide semiconductor layer.

[0178]

Then, first heat treatment was performed on the oxide semiconductor layer in a

clean oven at 450 °C for one hour in a nitrogen atmosphere.

[0179]

Then, as a source electrode layer and a drain electrode layer, a 150-nm-thick

titanium layer was formed over the oxide semiconductor layer by sputtering. Here, the

source electrode layer and the drain electrode layer were selectively etched, and 200

transistors each having a channel length L of 3 µπ and a channel width W of 50 µ were



connected in parallel so that a transistor with L/W = 3 µη /10000 µ is obtained.

[0180]

Then, as a protective insulating layer, a 300-nm-thick silicon oxide layer was

formed so as to be in contact with the oxide semiconductor layer by reactive sputtering.

Here, the silicon oxide which is a protective layer was selectively etched so that openings

were formed over the gate electrode layer, the source electrode layer, and the drain

electrode layer. After that, second heat treatment was performed at 250 °C for one hour in

a nitrogen atmosphere.

[0181]

Then, heat treatment was performed at 150 °C for 10 hours before the

measurement of Vg- I characteristics.

[0182]

Through the steps, a bottom-gate transistor was manufactured.

[0183]

The reason why the off-state current of the transistor is approximately 1 x 10~13 A

as illustrated in FIG 11 is that the concentration of hydrogen in the oxide semiconductor

layer can be sufficiently reduced in the manufacturing steps.

[0184]

The carrier concentration in the oxide semiconductor layer that is measured by a

carrier measurement device is lower than 1 x 10 12 /cm3, preferably lower than 1 x 1011 /cm3.

That is, the carrier concentration in the oxide semiconductor layer can be extremely close

to zero.

[0185]

Further, the channel length L of the transistor can be 10 to 1000 nm. Thus, a

circuit can operate at higher speed. Furthermore, since the amount of off-state current is

extremely small, power consumption can be reduced.

[0186]

In circuit design, the oxide semiconductor layer can be regarded as an insulator

when the transistor is off.

[0187]



After that, the temperature characteristics of off-state current of the transistor

manufactured in this example were evaluated. The temperature characteristics are

important in considering the environmental resistance, maintenance of performance, or the

like of an end product in which the transistor is used. It is to be understood that a smaller

amount of change is preferable, which increases the degree of freedom for product design.

[0188]

For the temperature characteristics, the V - characteristics were obtained using a

constant-temperature chamber under conditions that substrates provided with transistors

were kept at constant temperatures of -30 °C, 0 °C, 25 °C, 40 °C, 60 °C, 80 °C, 100 °C,

and 120 °C, drain voltage was 6 V, and gate voltage was changed from -20 to +20 V.

[0189]

FIG. 13A illustrates V - IA characteristics measured at the temperatures and

superimposed on one another, and FIG. 13B illustrates an enlarged view of the range of

off-state current enclosed by a dotted line in FIG. 13A. The rightmost curve indicated by

an arrow in the diagram is a curve obtained at -30 °C; the leftmost curve is a curve

obtained at 120 °C; and curves obtained at the other temperatures are located therebetween.

The temperature dependence of on-state current can hardly be observed. On the other

hand, as clearly illustrated also in the enlarged view of FIG 13B, the off-state current is 1 x

10~12 A or less, which is near the detection limit of the measurement device, at all the

temperatures except the case where the gate voltage is around -20 V, and the temperature

dependence thereof is not observed. In other words, even at a high temperature of 120 °C,

the off-state current is kept at 1 x 10~12 A or less, and given that the channel width W is

10000 µ , it can be seen that the off-state current is significantly low. That is, it is

confirmed that the off-state current of the transistor per micrometer in channel width is 100

aA/ µ or less. Note that in the case where the channel length is 3 µ η or more, the

estimated off-state current of the transistor per micrometer in channel width is 100 aA/ µπι

or less.

[0190]

As described above, a transistor including a high-purity oxide semiconductor

shows almost no dependence of off-state current on temperature. It can be said that an



oxide semiconductor does not show temperature dependence when highly purified because

the conductivity type becomes extremely close to an intrinsic type and the Fermi level is

located in the middle of the forbidden band. This also results from the fact that the oxide

semiconductor has a large energy gap and includes very few thermally excited carriers.

[0191]

The results show that the off-state current of a transistor whose carrier density is

lower than 1 x 10 12 /cm3, preferably lower than 1 x 10 11 /cm3 at room temperature is 1

aA µιη or lower. In addition, when the transistor is used as a transistor included in a

semiconductor device, the power consumption of the semiconductor device can be reduced

and degradation in display (the decrease in display quality) can be suppressed. Further, it

is possible to provide a semiconductor device where degradation (change) in display due to

an external factor such as temperature is suppressed.

[0192]

Therefore, when a transistor including a high-purity oxide semiconductor is used

as a transistor in a pixel portion as described above, an image signal written to a display

element can be held for a long period without a change in the circuit structure or the like of

the pixel. Accordingly, in the case where still images or the like is displayed, write

frequency can be lowered. Thus, power consumption can be reduced.

[0193]

When the high-purity transistor is used as described above, an image signal

written to the display element can be held for a long period. Accordingly, even in the

case where write frequency is low, degradation (change) in display of the pixel can be

suppressed.

[0194]

As described above, a substrate including the high-purity transistor can be used as

the substrate 301 illustrated in FIG. 1, FIGS. 2Ato 2E, FIGS. 3Aand 3B, FIG 4, and FIG 6.

That is, as described above, the substrate 601 illustrated in FIGS. 2A to 2E and FIGS. 3A

and 3B can be attached to the substrate including the high-purity transistor.

[Example 2]

[0195]



In this example, the evaluation of a transistor in a pixel portion included in a

semiconductor device which is one embodiment of the disclosed invention is described

with reference to FIG 14, FIG 15, and FIG 16. In this example, the off-state current of a

transistor including a high-purity oxide semiconductor is accurately obtained, and results

thereof are shown.

[0196]

First, a test element group used in a method for measuring current is described

with reference to FIG 14. In the test element group in FIG 14, three measurement

systems 800 are connected in parallel. The measurement system 800 includes a capacitor

802, a transistor 804, a transistor 805, a transistor 806, and a transistor 808. The transistor

804, the transistor 805, and the transistor 806 are formed in accordance with the

manufacturing method illustrated in FIGS. 9A to 9D and have a structure which is similar

to that of FIG 9D.

[0197]

In the measurement system 800, one of a source terminal and a drain terminal of

the transistor 804, one terminal of the capacitor 802, and one of a source terminal and a

drain terminal of the transistor 805 are connected to a power source (a power source for

supplying V2). The other of the source terminal and the drain terminal of the transistor

804, one of a source terminal and a drain terminal of the transistor 808, the other terminal

of the capacitor 802, and a gate terminal of the transistor 805 are connected to each other.

The other of the source terminal and the drain terminal of the transistor 808, one of a

source terminal and a drain terminal of the transistor 806, and a gate terminal of the

transistor 806 are connected to a power source (a power source for supplying VI). The

other of the source terminal and the drain terminal of the transistor 805 and the other of the

source terminal and the drain terminal of the transistor 806 are connected to each other and

serve as an output terminal Vout.

[0198]

A potential V x for controlling on/off of the transistor 804 is supplied to a gate

terminal of the transistor 804. A potential ext_bi for controlling on/off of the transistor

808 is supplied to a gate terminal of the transistor 808. Further, a potential out is output



from the output terminal.

[0199]

Next, a method for measuring off-state current with the measurement system is

described.

[0200]

First, an initial period in which a potential difference is generated in order to

measure off-state current is described. In the initial period, the potential t_bi for turning

on the transistor 808 is input to the gate terminal of the transistor 808, and the potential VI

is supplied to a node A connected to the other of the source terminal and the drain terminal

of the transistor 804 (i.e., a node connected to the one of the source terminal and the drain

terminal of the transistor 808, the other terminal of the capacitor 802, and a gate terminal of

the transistor 805). Here, the potential VI is, for example, a high potential. Further, the

transistor 804 is off.

[0201]

After that, the potential ext i turning off the transistor 808 is input to the gate

terminal of the transistor 808 so that the transistor 808 is turned off. After the transistor

808 is turned off, the potential VI is set low. The transistor 804 is kept off. Further, the

potential V2 is set low. Thus, the initial period is finished.

[0202]

Next, a measurement period of the off-state current is described. In the

measurement period, the potential (i.e., V2) of the one of the source terminal and the drain

terminal of the transistor 804 and the potential (i.e., VI) of the other of the source terminal

and the drain terminal of the transistor 808 are fixed low. On the other hand, the potential

of the node A is not fixed (the node A is in a floating state) in the measurement period.

Accordingly, electrical charges flow through the transistor 804, and the amount of

electrical charges stored in the node A is changed as time passes. The potential of the

node A is changed depending on the change in the amount of electrical charges stored in

the node A. That is, the output potential Vout of the output terminal is also changed.

The off-state current can be calculated from the thus obtained output potential Vout.

[0203]



Each of the transistor 804, the transistor 805, the transistor 806, and the transistor

808 is a transistor including a high-purity oxide semiconductor with a channel length L of

10 µ and a channel width W of 50 µ . In the three measurement systems 800

connected in parallel, the capacitance value of the capacitor 802 in a first measurement

system is 100 fF; the capacitance value of the capacitor 802 in a second measurement-

system is 1 pF; and the capacitance value of the capacitor 802 in a third measurement

system is 3 pF.

[0204]

Note that D was 5 V and V was 0 V in the measurement of off-state current.

In the measurement period, the potential VI was basically V and D only in a period of

100 msec every 10 to 300 seconds, and Vou was measured. Further, time taken to

calculate current flowing through an element was about 30000 seconds.

[0205]

FIG 15 shows the relationship between elapsed time Time in measurement of the

current and the output potential Vou . FIG. 15 shows that the potential varies as time

passes.

[0206]

FIG 16 shows off-state current calculated in the measurement of the current.

Note that FIG. 16 shows the relationship between source-drain voltage V and off-state

current . FIG. 16 shows that off-state current is about 40 ζΑ µπ under the condition that

the source-drain voltage is 4 V. In addition, the off-state current is less than or equal to 10

ζΑ µ under the condition that the source-drain voltage is 3.1 V. Note that 1 zA

represents 10 21 A.

[0207]

According to this example, it is confirmed that the off-state current can be

sufficiently low in a transistor including a high-purity oxide semiconductor.

[0208]

When a transistor including a high-purity oxide semiconductor is used as a

transistor in a pixel portion as described above, an image signal written to a display

element can be held for a long period without a change in the circuit structure or the like of



the pixel. Accordingly, in the case where still images or the like is displayed, write

frequency can be lowered. Thus, power consumption can be reduced.

[0209]

When the high-purity transistor is used as described above, an image signal

written to the display element can be held for a long period. Accordingly, even in the

case where write frequency is low, degradation (change) in display of the pixel can be

suppressed.

[0210]

As described above, a substrate including the high-purity transistor can be used as

the substrate 301 illustrated in FIG. 1, FIGS. 2A to 2E, FIGS. 3A and 3B, FIG 4, and FIG 6.

That is, as described above, the substrate 601 illustrated in FIGS. 2A to 2E and FIGS. 3A

and 3B can be attached to the substrate including the high-purity transistor.

This application is based on Japanese Patent Application serial No. 2010-019602

filed with Japan Patent Office on January 29, 2010, the entire contents of which are hereby

incorporated by reference.



CLAIMS

1. A semiconductor device comprising:

a first substrate;

a second substrate;

a first signal antenna provided over a surface side of the first substrate; and

a second signal antenna and an integrated circuit provided over the second

substrate,

wherein the second substrate is attached to a back side of the first substrate, and

wherein the first signal antenna and the second signal antenna overlap with each

other with the first substrate provided therebetween.

2. The semiconductor device according to claim 1, each of the first signal antenna

and the second signal antenna serves as a power antenna.

3. The semiconductor device according to claim 1, further comprising:

a first power antenna provided over the surface side of the first substrate; and

a second power antenna provided over the second substrate,

wherein the first power antenna and the second power antenna overlap with each

other with the first substrate provided therebetween.

4. The semiconductor device according to claim 1, wherein each of the first

substrate and the second substrate is a flexible substrate.

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

portion including a plurality of pixels over the first substrate, wherein each of the plurality

of pixels includes a transistor and a display element.

6. The semiconductor device according to claim 5, wherein a channel formation

region of the transistor includes an oxide semiconductor layer.



7. The semiconductor device according to claim 1, further comprising a scan line

driver circuit, a signal line driver circuit, and a pixel portion including a plurality of pixels

over the first substrate, wherein each of the plurality of pixels includes a transistor whose

on/off is controlled by the scan line driver circuit, and includes a display element to which

an image signal is input from the signal line driver circuit through the transistor.

8. The semiconductor device according to claim 7, wherein a channel formation

region of the transistor includes an oxide semiconductor layer.

9. A semiconductor device comprising:

a first substrate;

a second substrate;

a first signal antenna provided over a surface side of the first substrate; and

a second signal antenna and an integrated circuit provided over the second

substrate,

wherein the second substrate is attached to a back side of the first substrate with

an adhesive, and

wherein the first signal antenna and the second signal antenna overlap with each

other with the first substrate provided therebetween.

10. The semiconductor device according to claim 9, each of the first signal

antenna and the second signal antenna serves as a power antenna.

11. The semiconductor device according to claim 9, further comprising:

a first power antenna provided over the surface side of the first substrate; and

a second power antenna provided over the second substrate,

wherein the first power antenna and the second power antenna overlap with each

other with the first substrate provided therebetween.



12. The semiconductor device according to claim 9, wherein each of the first

substrate and the second substrate is a flexible substrate.

13. The semiconductor device according to claim 9, further comprising a pixel

portion including a plurality of pixels over the first substrate, wherein each of the plurality

of pixels includes a transistor and a display element.

14. The semiconductor device according to claim 13, wherein a channel formation

region of the transistor includes an oxide semiconductor layer.

15. The semiconductor device according to claim 9, further comprising a scan line

driver circuit, a signal line driver circuit, and a pixel portion including a plurality of pixels

over the first substrate, wherein each of the plurality of pixels includes a transistor whose

on/off is controlled by the scan line driver circuit, and includes a display element to which

an image signal is input from the signal line driver circuit through the transistor.

16. The semiconductor device according to claim 15, wherein a channel formation

region of the transistor includes an oxide semiconductor layer.

17. A semiconductor device comprising:

a first substrate;

a second substrate;

a first signal antenna provided over a surface side of the first substrate; and

a second signal antenna and an integrated circuit provided over the second

substrate,

wherein the second substrate is attached to a back side of the first substrate with

an adhesive,

wherein an insulating filler is mixed into the adhesive, and

wherein the first signal antenna and the second signal antenna overlap with each

other with the first substrate provided therebetween.



18. The semiconductor device according to claim 17, each of the first signal

antenna and the second signal antenna serves as a power antenna.

19. The semiconductor device according to claim 17, further comprising:

a first power antenna provided over the surface side of the first substrate; and

a second power antenna provided over the second substrate,

wherein the first power antenna and the second power antenna overlap with each

other with the first substrate provided therebetween.

20. The semiconductor device according to claim 17, wherein each of the first

substrate and the second substrate is a flexible substrate.

21. The semiconductor device according to claim 17, further comprising a pixel

portion including a plurality of pixels over the first substrate, wherein each of the plurality

of pixels includes a transistor and a display element.

22. The semiconductor device according to claim 21, wherein a channel formation

region of the transistor includes an oxide semiconductor layer.

23. The semiconductor device according to claim 17, further comprising a scan

line driver circuit, a signal line driver circuit, and a pixel portion including a plurality of

pixels over the first substrate, wherein each of the plurality of pixels includes a transistor

whose on/off is controlled by the scan line driver circuit, and includes a display element to

which an image signal is input from the signal line driver circuit through the transistor.

24. The semiconductor device according to claim 23, wherein a channel formation

region of the transistor includes an oxide semiconductor layer.
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