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DESCRIPTION

SEMICONDUCTOR DEVICE AND TRANSMISSION SYSTEM

TECHNICAL FIELD
[0001]

One embodiment of the present invention relates to a semiconductor device and a

transmission system using the semiconductor device.
[0002]

Note that one embodiment of the present invention is not limited to the above technical
field. The technical field of one embodiment of the invention disclosed in this specification and
the like relates to an object, a method, or a manufacturing method. One embodiment of the
present invention relates to a process, a machine, manufacture, or a composition of matter.
Specifically, examples of the technical field of one embodiment of the present invention
disclosed in this specification include a semiconductor device, a display device, a liquid crystal
display device, a light-emitting device, a lighting device, a power storage device, a memory

device, a method for driving any of them, and a method for manufacturing any of them.

BACKGROUND ART
[0003]

For satellite broadcasting, broadcasters perform encoding (encode) such as compression
of image data before transmitting the image data because image data transmission is performed
in a fixed broadcast band range. Patent Document 1 listed below discloses a structure for
transmitting video data encoded through a channel between a source device and a destination

device.
[Reference]
[Patent Document]
[0004]

[Patent Document 1] Japanese Translation of PCT International Application No. 2014-535220
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DISCLOSURE OF INVENTION

[0005]

As the resolution of image contents is increased, an encoding technology matching
large-amount image data is being established. For example, ITU-T H. 265 (ISO/IEC 23008-2),
which is a technique for high compression of image data, is employed as an international

standard for broadcasting of ultra high definition television (UHD TV).

[0006]

A data receiving semiconductor device performs arithmetic processing for decoding
encoded image data and restoring its original data volume. Therefore, as the resolution of
image contents is increased, the volume of the image data before encoding becomes large.
Accordingly, a time for arithmetic processing for the encoding of the image data and power

consumption for the arithmetic processing are increased.
[0007]

In view of the foregoing technical background, an object of one embodiment of the
present invention is to provide a semiconductor device capable of reducing a time for arithmetic
processing. Alternatively, an object of one embodiment of the present invention is to provide a
semiconductor device capable of reducing power consumption for arithmetic processing.
Alternatively, an object of one embodiment of the present invention is to provide a

semiconductor device capable of reducing its power consumption.
[0008]

Alternatively, an object of one embodiment of the present invention is to provide a data
transmission method and a data transmission system that are capable of reducing power

consumption.
[0009]

Note that an object of one embodiment of the present invention is to provide a novel
semiconductor device or the like. Note that the descriptions of these objects do not disturb the
existence of other objects. In one embodiment of the present invention, there is no need to
achieve all the objects. Other objects will be apparent from and can be derived from the

description of the specification, the drawings, the claims, and the like.
[0010]

In one embodiment of the present invention, a first semiconductor device having a

function as a transmitter has a function of obtaining difference information between a first image
2
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data and a second image data when encoding data. In addition, the first semiconductor device
has functions of determining whether two pieces of image data are identical with each other or
not using the above difference information and adding the data including the determination result
to the encoded first image data. A second semiconductor device having a function as a receiver
has a function of receiving the encoded first image data and the data of whether the first image
data is identical with the second image data or not, and a function of analyzing the above data of
whether they are identical or not and determining whether to decode the encoded first image data
or not. In addition, the second semiconductor device has a function of generating a signal
including an instruction on whether to perform arithmetic processing for decoding the encoded
first image data in response to the above determination, and a function of performing the
arithmetic processing in response to the signal. A display device included in the second
semiconductor device has a function of displaying a first image using the decoded first image

data that is obtained through the arithmetic processing.
[0011]

Furthermore, the display device included in the second semiconductor device may have
a function of maintaining a second image that is already displayed on the display device in the

case where the first image data is not decoded in an arithmetic circuit.
[0012]

Specifically, in a transmission system of one embodiment of the present invention, a
first semiconductor device and a second semiconductor device are used. The first
semiconductor device includes an encoder and a difference determination circuit. The second
semiconductor device includes a decoder, a signal generation circuit, and a display device. The
decoder includes an analysis circuit and an arithmetic circuit. The encoder has a function of
obtaining difference information by comparing the first image data and the second image data,
and a function of encoding the first image data using the difference information. The difference
determination circuit has a function of generating data on whether the first image data and the
second image data are identical with each other using the difference information and adding the
data to the encoded first image data. The analysis circuit has a function of determining, using
the data which is transmitted from the first semiconductor device, whether to decode the encoded
first image data which is transmitted from the first semiconductor device. The signal
generation circuit has a function of generating a signal including an instruction on whether to
decode the encoded first image data in response to the determination of the analysis circuit.
The arithmetic circuit has a function of decoding the encoded first image data in response to the
signal. The display device has a function of maintaining a second image displayed on the
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display device in the case where the encoded first image data is not decoded in the arithmetic

circuit.
[0013]

Specifically, a semiconductor device of one embodiment of the present invention
includes a decoder, a signal generation circuit, and a display device. The decoder includes an
analysis circuit and an arithmetic circuit. The analysis circuit has a function of determining
whether to decode the received first image data using the received data or not. The signal
generation circuit has a function of generating a signal including an instruction on whether to
decode the first image data in response to the determination of the analysis circuit. The
arithmetic circuit has a function of decoding the first image data in response to the signal. The
display device has a function of maintaining a second image displayed on the display device in

the case where the first image data is not decoded in the arithmetic circuit.
[0014]

In this specification and the like, a semiconductor device refers to a device that utilizes
semiconductor characteristics, and means a circuit including a semiconductor element (e.g., a
transistor or a diode), a device including the circuit, and the like. The semiconductor device
also means any device that can function by utilizing semiconductor characteristics. For
example, an integrated circuit, and a chip including an integrated circuit are semiconductor
devices. Moreover, a storage device, a display device, a light-emitting device, a lighting device,
an electronic device, and the like themselves might be semiconductor devices, or might each

include a semiconductor device.
[0015]

In this specification and the like, when it is explicitly described that X and Y are
connected, the case where X and Y are electrically connected, the case where X and ¥ are
functionally connected, and the case where X and Y are directly connected are included therein.
Accordingly, without being limited to a predetermined connection relationship, for example, a
connection relationship shown in drawings or texts, another connection relationship is included
in the drawings or the texts. Here, X and ¥ each denote an object (e.g., a device, an element, a

circuit, a line, an electrode, a terminal, a conductive film, a layer, or the like).
[0016]

A transistor includes three terminals: a gate, a source, and a drain. The gate functions
as a control node for controlling conduction of the transistor. Depending on the type of the

transistor or levels of potentials applied to the terminals, one of two input/output nodes functions
4
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as a source and the other functions as a drain. Therefore, the terms “source” and “drain” can be
interchanged with each other in this specification and the like. In this specification and the like,

the two terminals except a gate are referred to as a first terminal and a second terminal.
[0017]

A node can be referred to as a terminal, a wiring, an electrode, a conductive layer, a
conductor, an impurity region, or the like depending on a circuit configuration, a device structure,

or the like. Furthermore, a terminal, a wiring, or the like can be referred to as a node.
[0018]

In many cases, voltage refers to a potential difference between a given potential and a
reference potential (e.g., a ground potential (GND) or a source potential). Thus, voltage can be
referred to as a potential. Note that the potential has a relative value. Accordingly, a ground

potential does not necessarily mean O V.
[0019]

In this specification and the like, the terms “film” and “layer” can be interchanged with
each other depending on circumstances or conditions. For example, the term “conductive layer”
can be changed into the term “conductive film” in some cases. The term “insulating film” can

be changed into the term “insulating layer” in some cases, for example.
[0020]

In this specification and the like, ordinal numbers such as “first,” “second,” and “third”
are used to avoid confusion among components, and thus do not limit the number of components

or do not limit the order.
[0021]

One embodiment of the present invention can reduce a time required for arithmetic
processing of a semiconductor device. Alternatively, one embodiment of the present invention
can reduce power consumption required for arithmetic processing of a semiconductor device.
Alternatively, one embodiment of the present invention can reduce power consumption of a

semiconductor device.
[0022]

Alternatively, one embodiment of the present invention can provide a data transmission
method and a data transmission system that can reduce power consumption using the

semiconductor device.
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[0023]

Note that one embodiment of the present invention can provide a novel semiconductor

device or the like. The description of these effects does not preclude the existence of other

effects.

One embodiment of the present invention does not necessarily achieve all these effects.

Other effects will be apparent from and can be derived from the description of the specification,

the drawings, the claims, and the like.

BRIEF DESCRIPTION OF DRAWINGS

[0024]

In the accompanying drawings:

FIG. 1 illustrates one embodiment of a transmission system;

FIG. 2 illustrates one embodiment of a transmitter;

FIG. 3 illustrates one embodiment of a semiconductor device;

FIGS. 4A and 4B each illustrate an operation of a semiconductor device;
FIGS. 5Ato 5C illustrate structures of a display device;

FIG. 6 illustrates an operation of a display device;

FIG. 7 illustrates a hierarchical structure of data;

FIG. 8 illustrates a structure of a NAL;

FIG. 9 illustrates one embodiment of a transmitter;

FIG. 10 illustrates one embodiment of a semiconductor device;

FIG. 11 is a block diagram illustrating a structure of a frame memory;

FIG. 12 illustrates a connection structure of memory cells, a sense amplifier, a precharge

circuit, a switch circuit, and a main amplifier;

FIG. 13 illustrates a structure of a frame memory;
FIGS. 14A and 14B each schematically illustrate a method of dividing one-frame image;
FIG. 15 schematically illustrates a relation between a pixel portion and a CTU;

FIG. 16A illustrates a numerical relation between pixels in a vertical direction and

pixels in a horizontal direction and FIG. 16B illustrates a relation between addresses of pixels in

a vertical direction and addresses of pixels in a horizontal direction in a pixel portion;
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FIG. 17 is a top view of a pixel;

FIG. 18 is a cross-sectional view of the pixel,

FIGS. 19A to 19C illustrate a structure of a transistor;

FIGS. 20A to 20C illustrate a structure of a transistor;

FIGS. 21A to 21C illustrate a structure of a transistor;

FIG. 22 is a schematic diagram of an energy band structure;

FIG. 23 illustrates a cross-sectional structure of a semiconductor device;
FIGS. 24 A to 24F illustrate electronic devices;

FIG. 25 illustrates a configuration of a memory cell;

FIG. 26 illustrates a structure of a display device; and

FIG. 27 schematically illustrates a relation between a memory array and a CTU.

BEST MODE FOR CARRYING OUT THE INVENTION
[0025]

Hereinafter, embodiments of the present invention will be described in detail with
reference to the accompanying drawings. However, the present invention is not limited to the
following description and it is easily understood by those skilled in the art that the mode and
details can be variously changed without departing from the scope and spirit of the present
invention. Accordingly, the present invention should not be construed as being limited to the

description of the embodiments below.
[0026]

In the drawings, the size, the layer thickness, or the region is exaggerated for clarity in
some cases. Thus, embodiments of the present invention are not limited to the such scales.
Note that the drawings are schematic views showing ideal examples, and embodiments of the
present invention are not limited to shapes or values shown in the drawings. For example, the
following can be included: variation in signal, voltage, or current due to noise or difference in
timing.

[0027]

29 CC 29 CC

In this specification, terms for describing arrangement, such as “over,” “above,” “under,”
and “below,” are used for convenience for describing the positional relationship between

7
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components with reference to drawings in some cases. Furthermore, the positional relationship
between components is changed as appropriate in accordance with a direction in which each
component is described. Thus, there is no limitation on terms used in this specification, and

description can be made appropriately depending on the situation.
[0028]

The positional relations of circuit blocks illustrated in a block diagram are specified for
description. Even when a block diagram shows that different functions are achieved by
different circuit blocks, one circuit block may be actually configured to achieve different
functions. The functions of circuit blocks are specified for description, and even in the case
where one circuit block is illustrated, circuit blocks might be provided in an actual circuit block

so that processing performed by one circuit block is performed by a plurality of circuit blocks.
[0029]
(Embodiment 1)

FIG. 1 illustrates an example of the configuration of a transmission system of one
embodiment of the present invention. The transmission system illustrated in FIG. 1 includes a
transmitter 10 and a semiconductor device 11. The transmitter 10 includes an encoder 12 and a

difference determination circuit 13.
[0030]

The encoder 12 has a function of comparing first image data (Datal) input to the
transmitter 10 with reference image data and obtaining the difference information and a function
of performing encoding such as compression for the first image data (Datal) using the difference
information. The reference image data may be data of the same frame as that of the first image
data (Datal). Alternatively, the reference image data may be data of a frame different from that
of the first image data (Datal). Alternatively, the reference image data may be data generated
using image data in a frame different from that of the first image data (Datal) and the difference

information.
[0031]

The difference determination circuit 13 has a function of determining, using the
difference information, whether the first image data (Datal) is identical with the reference image
data or not. The encoder 12 also has a function of adding data, obtained in the difference
determination circuit 13, on whether the first image data (Datal) is identical with the reference

image data or not (hereinafter, referred to as a comparison data (Data-s)) to the encoded first
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image data (Datal-e).

[0032]

The semiconductor device 11 includes a decoder 14, a signal generation circuit 15, and a

display device 16. The decoder 14 includes an analysis circuit 17 and an arithmetic circuit 18.
[0033]

The analysis circuit 17 has a function of determining whether to decode the encoded
first image data (Datal-e) which corresponds to the comparison data (Data-s) by analyzing the
comparison data (Data-s) sent to the decoder 14 from the transmitter 10. Specifically, the
analysis circuit 17 has a function of determining whether the encoded first image data (Datal-e)
corresponding to the comparison data (Data-s) is identical with the reference image data which is
input to the decoder 14 in advance of the first image data (Datal-e) by analyzing the comparison

data (Data-s).
[0034]

The signal generation circuit 15 has a function of generating a signal (Sige) including an
instruction on whether to decode the first image data (Datal-e) in response to the determination
in the analysis circuit 17. Note that FIG. 1 illustrates an example of the semiconductor device
11 in which the signal generation circuit 15 has a function of generating the signal (Sige);

however, the decoder 14 may include a circuit having the above function.
[0035]

The arithmetic circuit 18 has a function of decoding the first image data (Datal-e).
The arithmetic circuit 18 performs the above arithmetic processing in response to the signal
(Sige) generated in the signal generation circuit 15.  Specifically, in the case where the analysis
circuit 17 determines not to decode the first image data (Datal-e), the signal generation circuit
15 generates a signal (Sige) including an instruction not to decode the first image data (Datal-e)
in response to the above determination of the analysis circuit 17. In this case, the arithmetic
circuit 18 does not perform arithmetic processing for decoding the first image data (Datal-e) in
response to the signal (Sige). In the case where the analysis circuit 17 determines to decode the
first image data (Datal-e), the signal generation circuit 15 generates a signal (Sige) including an
instruction to decode the first image data (Datal-e) in response to the above determination of the
analysis circuit 17. In this case, the arithmetic circuit 18 performs arithmetic processing for

decoding the first image data (Datal-e) in response to the signal (Sige).

[0036]
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The display device 16 has a function of updating image display using the image data in
response to the signal (Sige). Specifically, when decoding of the first image data (Datal-e) is
performed in the arithmetic circuit 18, the display device 16 has a function of displaying a first
image using the decoded first image data (Datal-d) in response to the signal (Sige). In addition,
when decoding of the first image data (Datal-e) is not performed in the arithmetic circuit 18, the
display device 16 has a function of maintaining a second image which is already displayed on

the display device 16 in response to the signal (Sige).
[0037]

Note that the reference image data can be image data or the like which is input to the
encoder 12 in advance of the first image data (Datal). When image data which is input to the
encoder 12 in advance of the first image data (Datal) is referred to as a second image data
(Data2), for example, the first image data (Datal) and the second image data (Data2) may
correspond to the same frame period and correspond to pixels included in different areas.
Alternatively, the first image data (Datal) and the second image data (Data2) may correspond to

pixels included in the same area and correspond to different frame periods.
[0038]

In one embodiment of the present invention, the above structure makes it possible to
save the trouble of performing the same arithmetic processing in the arithmetic circuit 18 when
the encoded first image data (Datal-e) is identical with the second image data (Data2-e), which
is input to the encoder 12 in advance of the first image data (Datal) and then encoded.
Accordingly, the arithmetic circuit 18 can reduce power consumption for the arithmetic
processing. In addition, the display device 16 maintains display of the second image which is
identical with the first image, so that power consumption for updating image display using image

data can be reduced.
[0039]

A specific configuration example of the display device 16 will be described later.
[0040]

Next, a more specific configuration example of the transmitter 10 is illustrated in FIG. 2.
The transmitter 10 illustrated in FIG. 2 includes the encoder 12 and the difference determination
circuit 13. The encoder 12 includes a frame memory 22, a subtraction circuit 21, a signal

processing circuit 19, and a header adding circuit 20.

[0041]
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The frame memory 22 has a function of storing reference image data. The subtraction
circuit 21 has a function of comparing the first image data (Datal) input to the encoder 12 with
the reference image data stored in the frame memory 22 and of calculating the difference
information by the arithmetic processing. The signal processing circuit 19 has a function of
performing encoding such as compression for the first image data (Datal) using the difference

information calculated in the subtraction circuit 21.
[0042]

In addition, the signal processing circuit 19 may have a function of generating reference
imaging data anew using the above reference image data and the difference information. In this
case, the reference imaging data generated in the signal processing circuit 19 is stored in the
frame memory 22. Then, the subtraction circuit 21 compares the new reference image data
with the first image data (Datal) input to the encoder 12 and then calculates the difference

information by arithmetic processing.
[0043]

In the case where the second image data (Data2) is input to the encoder 12 in advance of
the first image data (Datal), the signal processing circuit 19 may have a function of generating
the original second image data (Data2) by performing encoding and then decoding for the second
image data (Data2) or a function of generating substantially the same image data as the original
second image data (Data2) by performing encoding and then decoding for the second image data
(Data2). In this case, substantially the same image data as the original second image data
(Data2), which is generated in the signal processing circuit 19, is stored in the frame memory 22
as new reference image data. Then, the subtraction circuit 21 compares the reference image
data with the first image data (Datal) input to the encoder 12 and then calculates the difference

information by arithmetic processing.
[0044]

Note that in the case where the first image data (Datal) and the second image data
(Data2) correspond to pixels included in the same area and correspond to different frame periods,
the reference image data generated in the signal processing circuit 19 on the basis of the second
image data (Data2) is stored temporarily in the frame memory 22. When the first image data
(Datal) is input to the encoder 12, the subtraction circuit 21 can compare the reference image
data stored in the frame memory 22 with the first image data (Datal) and calculate the difference

information by arithmetic processing.

[0045]

11
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In the case where the first image data (Datal) and the second image data (Data2)

correspond to the same frame period and correspond to pixels included in different areas, the
reference image data generated in the signal processing circuit 19 on the basis of the second
image data (Data2) is not necessarily stored in the frame memory 22. In this case, the encoder
12 may be provided with a memory with a smaller circuit size than the frame memory 22 to store
the reference image data generated in the signal processing circuit 19 on the basis of the second

image data (Data2).
[0046]

The difference determination circuit 13 has a function of determining, using the
difference information, whether the first image data (Datal) is identical with the reference image
data. The header adding circuit 20 has a function of adding attribute information of image data
to encoded image data. In addition, the header adding circuit 20 has a function of adding the
comparison data (Data-s), obtained in the difference determination circuit 13, on whether the
first image data (Datal) is identical with the reference image data to the encoded first image data

(Datal-e).
[0047]

Next, a more specific configuration example of the semiconductor device 11 is
illustrated in FIG. 3. The semiconductor device 11 illustrated in FIG. 3 includes the decoder 14,
the signal generation circuit 15, and the display device 16. The decoder 14 includes the
analysis circuit 17, the arithmetic circuit 18, and a frame memory 23. The frame memory 23
has a function of storing the first image data (Datal-d) that is decoded in the arithmetic circuit

18.
[0048]

In the semiconductor device 11 illustrated in FIG. 3, a signal (Sige) including an
instruction on whether to decode the first image data (Datal-e) which is generated in the signal
generation circuit 15 is transmitted to the arithmetic circuit 18, the frame memory 23, and the
display device 16. The arithmetic circuit 18 has a function of performing the arithmetic
processing for decoding of the first image data (Datal-e) in response to the signal (Sige). The
frame memory 23 has a function of writing and reading the decoded first image data (Datal-d)
and writing and reading the reference image data in response to the signal (Sige). The display
device 16 has a function of displaying the first image using the decoded first image data
(Datal-d) in response to the signal (Sige). In addition, the display device 16 has a function of

maintaining the second image which is already displayed on the display device 16 in response to

12
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the signal (Sige).

[0049]

Note that in the case where the first image data (Datal) and the second image data
(Data2) correspond to the same frame period and correspond to pixels included in different areas,
the semiconductor device 11 may be provided with a memory with a smaller circuit size than the
frame memory 23 to store the reference image data decoded in the arithmetic circuit 18 on the

basis of the second image data (Data2) in a manner similar to the encoder 12.
[0050]

FIGS. 4A and 4B each show an example of switching operations of the arithmetic

circuit 18, the frame memory 23, and the display device 16 in response to the signal (Sige).
[0051]

First, in the case where the analysis circuit 17 determines not to decode the image data,
the signal generation circuit 15 generates a first signal (Sigel) including an instruction not to
decode the first image data in response to the above determination of the analysis circuit 17.
Accordingly, as illustrated in FIG. 4A, the arithmetic circuit 18 stops the arithmetic processing

for decoding of the first image data (Datal-e) in response to the first signal (Sigel).
[0052]

In response to the first signal (Sigel), the frame memory 23 stops writing the image data
in the frame memory 23 and reading the image data from the frame memory 23. Specifically,
reading of the reference image data from the frame memory 23 is stopped. In addition, reading

of the decoded image data (Datal-d) from the frame memory 23 is stopped.
[0053]

Next, as illustrated in FIG. 4B, the display device 16 stops updating image display using
image data in response to a second signal (Sige2) and maintains an image which is already

displayed on the display device 16.
[0054]

Then, in the case where an image signal and comparison data (Data-s) are input anew to
the decoder 14 and the analysis circuit 17 determines to decode the image data, the signal
generation circuit 15 generates the first signal (Sigel) including an instruction to decode the
image data in response to the above determination of the analysis circuit 17. In this case, in
response to the first signal (Sigel), the frame memory 23 restarts writing the image data in the

frame memory 23 and reading the image data from the frame memory 23. Specifically, reading
13
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of the reference image data from the frame memory 23 is restarted. In addition, reading of the
decoded image data from the frame memory 23 is restarted. The arithmetic circuit 18 restarts

the arithmetic processing for decoding the image data in response to the first signal (Sigel).
[0055]

Next, the display device 16 restarts updating image display using the decoded image

data in response to the second signal (Sige2).
[0056]

Note that although FIGS. 4A and 4B illustrate that operations of both the arithmetic
circuit 18 and the frame memory 23 are controlled by the first signal (Sigel) and the second
signal (Sige2), the operations of the arithmetic circuit 18 and the frame memory 23 may be
controlled by different types of signals (Sige). In this case, when the analysis circuit 17
determines not to decode the image data, the operation of the frame memory 23 is preferably
stopped after the operation of the arithmetic circuit 18 is stopped. When the analysis circuit 17
determines to decode the image data, the operation of the arithmetic circuit 18 is preferably

restarted after the operation of the frame memory 23 is restarted.
[0057]
This embodiment can be combined with any of the other embodiments as appropriate.
[0058]
(Embodiment 2)

Next, configuration examples of a display device of one embodiment of the present
invention will be described. The display device 16 illustrated in FIG. SA includes a pixel

portion 30, driver circuits 31, a driver circuit 32, a controller 37, and a frame memory 38.
[0059]

The pixel portion 30 includes a plurality of pixels 33, wirings GL functioning as scan
lines which are referred to as a wiring GL1 to a wiring GLy (y is a natural number), and wirings
SL functioning as signal lines which are referred to as a wiring SL1 to a wiring SLx (x is a
natural number). Each of the plurality of pixels 33 is electrically connected to at least one of
the wirings GL and at least one of the wirings SL.  Specifically, signals for selecting the pixels
33 in each row are input to the wirings GL1 to GLy. Image signals are input to the wirings SL1
to SLx. Image signals are supplied to the selected pixels 33. Each of the driver circuits 31 has
a function of controlling the input of signals to the wirings GL. The driver circuit 32 has a
function of controlling the input of image signals to the wirings SL.
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[0060]

Note that the kinds and number of the wirings in the pixel portion 30 can be determined
by the structure, number, and position of the pixels 33. Specifically, in the pixel portion 30
illustrated in FIG. 5A, the pixels 33 are arranged in a matrix of x columns and y rows, and the
wirings SL1 to SLx and the wirings GL1 to GLy are provided in the pixel portion 30 as an

example.
[0061]

The controller 37 has a function of generating various kinds of control signals such as
clock signals and start pulse signals for controlling the operations of the driver circuits 31 and
the driver circuit 32 in response to a vertical synchronization signal (Vsync) and a horizontal
synchronization signal (Hsync). The frame memory 38 has a function of storing the decoded
image data (Data-d) which is input to the display device 16. The controller 37 has a function of
generating, using the image data (Data-d) stored in the frame memory 38, an image signal (Vsig)

meeting the specifications of the pixel portion 30, the driver circuits 31, and the driver circuit 32.
[0062]

Note that any one or more of the driver circuits 31, the driver circuit 32, and the
controller 37 may be formed over a substrate where the pixel portion 30 is formed.
Alternatively, all of the driver circuits 31, the driver circuit 32, and the controller 37 may be
formed over a substrate different from a substrate where the pixel portion 30 is formed.
Alternatively, the driver circuits 31, the driver circuit 32, or the controller 37 may be partly

formed over a substrate different from a substrate where the pixel portion 30 is formed.
[0063]

Note that, in this specification and the like, the term “connection” means electrical
connection and corresponds to the case of a circuit configuration in which current, voltage, or a
potential can be supplied or transmitted. Therefore, a circuit configuration in which connection
is made does not necessarily refer to a state of direct connection, and also includes a circuit
configuration in which connection is indirectly made through an element such as a wiring, a
resistor, a diode, or a transistor so that current, voltage, or a potential can be supplied or
transmitted. In addition, even when different components are connected to each other in a
circuit diagram, there is actually a case where one conductive film has functions of a plurality of
components, such as a case where part of a wiring serves as an electrode, for example. The
term “connection” in this specification and the like also means such a case where one conductive

film has functions of a plurality of components.
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[0064]

In addition, FIG. 5B illustrates an example of a structure of the pixel 33. Each of the
pixels 33 includes a liquid crystal element 34, a transistor 35 that has a function of controlling
the supply of an image signal to the liquid crystal element 34, and a capacitor 36 that has a
function of holding voltage between a pixel electrode and a common electrode of the liquid
crystal element 34. The liquid crystal element 34 includes a pixel electrode, a common
electrode, and a liquid crystal layer which contains a liquid crystal material and to which voltage

is applied across the pixel electrode and the common electrode.
[0065]

The transistor 35 has a function of controlling whether to apply the potential of the
wirings SL to the pixel electrode of the liquid crystal element 34. A predetermined potential is

applied to the common electrode of the liquid crystal element 34.
[0066]

The connection state between the transistor 35 and the liquid crystal element 34 will be
specifically described below. In FIG. 5B, a gate of the transistor 35 is electrically connected to
any one of the wirings GL1 to GLy. One of a source and a drain of the transistor 35 is
electrically connected to any one of the wirings SL1 to SLx, and the other is electrically

connected to the pixel electrode of the liquid crystal element 34.
[0067]

Note that a “source” of a transistor means a source region that is part of a semiconductor
film functioning as an active layer or means a source electrode connected to the semiconductor
film. Similarly, a “drain” of a transistor means a drain region that is part of the semiconductor
film or means a drain electrode connected to the semiconductor film. In addition, a “gate”

means a gate electrode.
[0068]

The names of the source and the drain of a transistor interchange with each other
depending on the conductivity type of the transistor or levels of potentials applied to the
terminals. In general, in an n-channel transistor, a terminal to which a lower potential is applied
is called a source, and a terminal to which a higher potential is applied is called a drain. In a
p-channel transistor, a terminal to which a lower potential is applied is called a drain, and a
terminal to which a higher potential is applied is called a source. In this specification, although

connection relation of the transistor is described assuming that the source and the drain are fixed
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for convenience in some cases, actually, the names of the source and the drain interchange with

each other depending on the relation of the potentials.
[0069]

The transmittance of the liquid crystal element 34 changes when the alignment of liquid
crystal molecules included in the liquid crystal layer changes in accordance with the level of
voltage applied between the pixel electrode and the common electrode. Accordingly, when the
transmittance of the liquid crystal element 34 is controlled by the potential of an image signal
applied to the pixel electrode, gray-scale images can be displayed. In each of the plurality of
pixels 33 included in the pixel portion 30, the gray level of the liquid crystal element 34 is

adjusted in response to an image signal; thus, an image is displayed on the pixel portion 30.
[0070]

FIG. 5B shows an example in which one transistor 35 is used as a switch for controlling
the input of an image signal to the pixel 33. However, a plurality of transistors functioning as

one switch may be used in the pixel 33.
[0071]

FIG. 5C shows another example of the pixel 33. The pixel 33 includes a transistor 95
for controlling input of an image signal to the pixel 33, a light-emitting element 98, a transistor
96 for controlling the value of current supplied to the light-emitting element 98 in response to an

image signal, and a capacitor 97 for holding the potential of an image signal.
[0072]

Examples of the light-emitting element 98 include an element whose luminance is
controlled by current or voltage, such as a light-emitting diode (LED) or an organic
light-emitting diode (OLED). For example, an OLED includes at least an EL layer, an anode,
and a cathode. The EL layer is formed using a single layer or a plurality of layers provided
between the anode and the cathode, at least one of which is a light-emitting layer containing a

light-emitting substance.
[0073]

From the EL layer, electroluminescence is obtained by current supplied when a potential
difference between the cathode and the anode is higher than or equal to the threshold voltage of
the light-emitting element 98. As electroluminescence, there are luminescence (fluorescence)
at the time of returning from a singlet-excited state to a ground state and luminescence

(phosphorescence) at the time of returning from a triplet-excited state to a ground state.
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[0074]

The potential of one of the anode and the cathode of the light-emitting element 98 is
controlled in response to an image signal input to the pixel 33. The one of the anode and the
cathode whose potential is controlled in response to an image signal is used as a pixel electrode,
and the other is used as a common electrode. A predetermined potential is applied to the
common electrode of the light-emitting element 98, and the luminance of the light-emitting
element 98 is determined by a potential difference between the pixel electrode and the common
electrode. Accordingly, when the luminance of the light-emitting element 98 is controlled by
the potential of the image signal, gray-scale images can be displayed. In each of the plurality of
pixels 33 included in the pixel portion, the gray level of the light-emitting element 98 is adjusted
in response to an image signal containing image information; thus, an image is displayed on the

pixel portion 30.
[0075]

Next, connection between the transistor 95, the transistor 96, the capacitor 97, and the

light-emitting element 98 which are included in the pixel 33 is described.
[0076]

One of a source and a drain of the transistor 95 is connected to the wiring SL, and the
other is connected to a gate of the transistor 96. A gate of the transistor 95 is connected to the
wiring GL. One of a source and a drain of the transistor 96 is connected to a power supply line
VL, and the other is connected to the light-emitting element 98. Specifically, the other of the
source and the drain of the transistor 96 is connected to one of the anode and the cathode of the
light-emitting element 98. A predetermined potential is applied to the other of the anode and
the cathode of the light-emitting element 98.

[0077]

The transistor 96 in FIG. 5C may include a pair of gate electrodes overlapping with each
other with a semiconductor film provided therebetween. The pair of gate electrodes are
electrically connected to each other. In one embodiment of the present invention, the above

structure allows the on-state current and the reliability of the transistor 96 to be increased.
[0078]

In one embodiment of the present invention, the display device 16 has a function of
maintaining an image which is displayed on the pixel portion 30 in response to the signal (Sige).

Specifically, in one embodiment of the present invention, the controller 37 has a function of
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stopping the writing of the decoded image data (Data-d) to the frame memory 38 in response to
the signal (Sige). The controller 37 generates the image signal (Vsig) using the image data
(Data-d) which is already stored in the frame memory 38; accordingly, the same image signal
(Vsig) is written to the pixel portion 30, so that the image that has been displayed on the pixel

portion 30 can be maintained.
[0079]

Alternatively, in one embodiment of the present invention, the controller 37 may control
its functions of generating a control signal and an image signal (Vsig) to perform or stop in
response to the signal (Sige). When the functions of the controller 37 of generating an image
signal (Vsig) and a control signal are stopped in response to the signal (Sige), the update of
display of the image using the image data is stopped in the display device 16. The above
configuration makes it possible to maintain an image that has been displayed on the pixel portion
30. Then, when the performing the functions of the controller 37 of generating an image signal
(Vsig) and a control signal are started again, the update of display of the image using the

decoded image data is started again in the display device 16.
[0080]

Note that the transistors 35 and 95 with significantly low off-state current are preferably
used as switches for controlling the input of image signals to the pixel 33 in order that a
displayed image is maintained by stopping the update of display of the image using the image
data. With the transistor 35 or 95 having significantly low off-state current, leakage of charge
through the transistor 35 or 95 can be prevented. Thus, when the pixel 33 illustrated in FIG. 5B
is used, for example, the potential of the image signal applied to the liquid crystal element 34 and
the capacitor 36 can be held more reliably. Therefore, changes in transmittance of the liquid
crystal element 34 due to leakage of charge in one frame period are prevented, so that the quality
of an image to be displayed can be improved. In addition, since leakage of charge through the
transistors 35 and 95 can be prevented when the transistors 35 and 95 have low off-state current,
the supply of a power supply potential or a signal to the driver circuits 31 and 32 may be stopped
in the case where the arithmetic processing is stopped in the arithmetic circuit 18. With the
above configuration, the number of times of writing image signals to the pixel portion 30 can be

reduced, and thus power consumption of the display device can be reduced.
[0081]

To reduce off-state current of a transistor, a channel formation region contains a

semiconductor with a wide energy gap, for example. The energy gap of the semiconductor is
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preferably greater than or equal to 2.5 eV, greater than or equal to 2.7 eV, or greater than or equal
to 3 eV. An example of such a semiconductor material is an oxide semiconductor. As the
transistor 35, a transistor including an oxide semiconductor in its channel formation region (OS
transistor) can be used. The leakage current of an OS transistor normalized by the channel
width can be lower than or equal to 10 x 10" A/um (10 zA/pm) with a source—drain voltage of
10 V at room temperature (approximately 25 °C). It is preferable that the leakage current of the
OS transistor used as the transistors 35 and 95 be lower than or equal to 1 x 10™* A, lower than
or equal to 1 x 10" A, or lower than or equal to 1 x 107* A at room temperature (approximately
25 °C). Alternatively, the leakage current is preferably lower than or equal to 1 x 107 A,

lower than or equal to 1 x 10™'* A, or lower than or equal to 1 x 107" A at 85 °C.
[0082]

Avalanche breakdown or the like is less likely to occur in some cases in a transistor
including an oxide semiconductor in its channel formation region than in a general transistor
including silicon or the like because an oxide semiconductor has a wide energy gap and thus
electrons are less likely to be excited, and the effective mass of a hole is large.  Since hot-carrier
degradation or the like due to the avalanche breakdown is inhibited, the transistor including an
oxide semiconductor in its channel formation region has high drain withstand voltage and can be

driven at high drain voltage.
[0083]

An oxide semiconductor contained in a channel formation region of a transistor is
preferably an oxide semiconductor containing at least one of indium (In) and zinc (Zn). Typical
examples of such an oxide semiconductor include an In oxide, a Zn oxide, an In-Zn oxide, and
an In-M-Zn oxide (M is Al, Ti, Ga, Y, Zr, La, Ce, Nd, or Hf). Reductions in impurities serving
as electron donors, such as hydrogen, and in oxygen vacancies can make an oxide semiconductor
almost i-type (intrinsic) or substantially i-type. Here, such an oxide semiconductor can be

referred to as a highly purified oxide semiconductor.
[0084]

An oxide semiconductor with low carrier density is preferably formed for a channel
formation region. The carrier density of the oxide semiconductor is preferably less than 8 x
10"/em’ and greater than or equal to 1 x 10/cm’. The carrier density is preferably less than 1

x 10"/em’, and further preferably less than 1 x 10'%/cm’.

[0085]
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A highly purified intrinsic or substantially highly purified intrinsic oxide semiconductor
has few carrier generation sources, and thus can have a low carrier density. The highly purified
intrinsic or substantially highly purified intrinsic oxide has a low density of defect states, and
thus also has a low density of trap states in some cases. Charge trapped by the trap states in the
oxide semiconductor takes a long time to be dissipated and may behave like fixed charge. Thus,
a transistor whose channel formation region is formed using an oxide semiconductor with a high

density of trap states has unstable electrical characteristics in some cases.
[0086]

Accordingly, in order to obtain stable electrical characteristics of the transistor including
an oxide semiconductor in its channel formation region, it is effective to reduce the concentration
of impurities in the channel formation region. To reduce the concentration of impurities in the
channel formation region, the concentration of impurities in a region that is adjacent to the
channel formation region is preferably reduced. Examples of the impurities of the oxide
semiconductor include hydrogen, nitrogen, carbon, silicon, alkali metal, alkaline earth metal, and

the like.
[0087]

Next, an operation example of the display device 16 in FIG. 5A including the pixel 33 in
FIG. 5B will be described. In the example, the update of display of image using image data is

stopped and the displayed image is maintained.
[0088]

FIG. 6 illustrates changes over time in the potential of the vertical synchronization
signal (Vsync) and changes over time in the potential of the signal (Sige) for controlling the
operation of the display device 16, from the first frame period (F1) to the #-th frame period (F?) (¢
is a natural number of 6 or more). A pixel electrically connected to the wiring GL1 and to the
wiring SL1 is referred to as a pixel (Pix1-1). FIG. 6 also illustrates image data corresponding to
the image signal written to the pixel (Pix1-1). The vertical synchronization signal (Vsync) can

determine the length of the shortest frame period.
[0089]

First, the operation of the pixel portion 30 from the first frame period (F1) to the (#-3)-th
frame period (Fz-3) will be described.

[0090]
When the first frame period (F1) is started in response to a pulse of the vertical
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synchronization signal (Vsync), a signal having a pulse is input to the wiring GL1, whereby the
wiring GL1 is selected. In each of the plurality of pixels 33 connected to the selected wiring
GL1, the transistor 35 is turned on. In a period during which the transistor 35 is on (in one line
period), the potential of an image signal is applied to each of the wirings SL1 to SLx. In
response to the potential of the image signal applied to each of the wirings SL1 to SLx, charge is
accumulated in the capacitor 36 through the transistor 35 which is in the on state. In addition,
the potential of the image signal is applied to the pixel electrode of the liquid crystal element 34

through the transistor 35 which is in the on state.
[0091]

In the timing chart illustrated in FIG. 6, an example in which an image signal
corresponding to the image data (DataA) is written to the pixel (Pix1-1) in the first frame period

(F1) is shown.
[0092]

The transmittance of the liquid crystal element 34 changes when the alignment of liquid
crystal molecules changes in accordance with the level of the voltage applied between the pixel
electrode and the common electrode. Accordingly, when the transmittance of the liquid crystal

element 34 is controlled by the potential of an image signal, gray-scale images can be displayed.
[0093]

When the input of image signals to the wirings SL1 to SLx is completed, the wiring
GL1 is deselected. When the wiring GL1 is deselected, the transistors 35 in the pixels 33
including the wiring GL1 are turned off. Then, the voltage applied between the pixel electrode
and the common electrode is held in the liquid crystal element 34, so that the display of

gray-scale images is maintained.
[0094]

Similarly, the wirings GL2 to GLy are sequentially selected, and the pixels 33 connected
to the wirings GL2 to GLy are sequentially subjected to the same operation as that performed
while the wiring GL 1 is selected. Through the above operations, one image is displayed on the
pixel portion 30. The above display of the image is maintained until the first frame period (F1)

ends.
[0095]

Note that the wirings GL may be selected by progressive scan which is sequentially

performed from the wiring GL1 to the wiring GLy as described above or methods other than
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progressive scan, such as interlace scan.
[0096]

Then, in response to the next pulse of the vertical synchronization signal (Vsync), the
first frame period (F1) is ended and the second frame period (F2) is started. From the second
frame period (F2) to the (#-3)-th frame period (F7-3), an image signal is written to the pixel
portion 30 as in the first frame period (F1). Note that image data corresponding to the image
signal written to the pixel portion 30 from the second frame period (F2) to the (#-3)-th frame
period (Fz-3) is not necessarily the same as the image data corresponding to the image signal

written to the pixel portion 30 in the first frame period (F1).
[0097]

Next, the operation of the pixel portion 30 from the (#-2)-th frame period (Fz-2) to the
t-th frame period (F7) will be described. FIG. 6 illustrates a case where the display device 16
stops the update of display of the image in response to the signal (Sige) from the (#-2)-th frame
period (F7-2) to the 7-th frame period (F7).

[0098]

Specifically, the (#-2)-th frame period (F7-2) is started in response to a pulse of the
vertical synchronization signal (Vsync), and then an image signal is written to the pixel portion
30 in FIG. 6 as in the first frame period (F1). In the timing chart illustrated in FIG. 6, an
example in which an image signal corresponding to the image data (DataB) is written to the pixel
(Pix1-1) in the (#-2)-th frame period (F#-2). The operations of the driver circuits 31 and 32 are
stopped during the time from when one image is displayed on the pixel portion 30 by the image
signal written to the pixel portion 30 to when the subsequent frame period, the (#-1)-th frame
period (Fz-1), is started, so that the above display of the image is maintained until the (#-2)-th
frame period (F#-2) is ended.

[0099]

The operations of the driver circuits 31 and 32 are stopped when the controller 37 stops
a function of generating a control signal such as a clock signal or a start pulse signal in response
to the signal (Sige). In addition, the controller 37 stops the function of generating an image
signal (Vsig) when the controller 37 stops the operations of the driver circuits 31 and 32. FIG.
6 illustrates a case where the controller 37 stops a function of generating a control signal such as
a clock signal or a start pulse signal in response to the potential of the signal (Sige) changed from

a low level to a high level, and stops the function of generating an image signal (Vsig).
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[0100]

Specifically, when a potential at which the operation of the driver circuits 31 or the
driver circuit 32 is stopped is applied to a wiring for applying the control signal to the driver
circuits 31 or the driver circuit 32 or when the wiring is made to be in an electrically floating
state, applying of the control signal to the driver circuits 31 or the driver circuit 32 can be

stopped.
[0101]

When the operation of the driver circuits 31 is stopped, the driver circuits 31 stop
selecting the wirings GL. When the operation of the driver circuit 32 is stopped, the input of
image signals to the wirings SL by the driver circuit 32 is stopped. Through the above

operations, display of the image on the pixel portion 30 is maintained.
[0102]

Specifically, FIG. 6 illustrates a case where, in the (#-2)-th frame period (F#-2), the
operations of the driver circuits 31 and 32 are stopped after the end of writing of image signals to
the pixel portion 30, and display of the image on the pixel portion 30 is maintained. Through
the above operations, the (7-2)-th frame period (F#-2) can be longer than each of the first frame
period (F1) to the (#-3)-th frame period (F7-3). Specifically, in FIG. 6, the length of a cycle in
which pulses of the vertical synchronization signal (Vsync) appear is substantially the same as
the length of each of the first frame period (F1) to the (#-3)-th frame period (F7-3); however, the
length of the (#-2)-th frame period (F#-2) is longer than the above cycle.

[0103]

Note that there is a limitation on a period during which the pixel 33 can maintain the
display of gray-scale images. In addition, the liquid crystal layer deteriorates if an electric field
in the same direction is continuously applied to the liquid crystal element 34; therefore, it is
required, in a given period, to reverse the direction in which the electric field is applied to the
liquid crystal element 34.  Accordingly, in consideration of the period during which the pixel 33
can maintain the display of gray-scale images, the period until the liquid crystal layer
deteriorates, or the like, the maximum length of the frame period in a period during which no
instruction is input for rewriting an image signal (Vsig) is set in advance. For example, in the
case where a period during which a still image is displayed is longer than the maximum length of
the frame period, the controller 37 may have a function of forcefully terminating the frame
period even when there is no instruction for rewriting an image signal. Then, the same image

signal is rewritten to the pixel portion 30 in the subsequent frame period, and the image
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displayed in the previous frame period is displayed again on the pixel portion 30.
[0104]

FIG. 26 illustrates a structure example of the display device 16 of one embodiment of
the present invention. The display device 16 illustrated in FIG. 26 further includes a counter 39
in the controller 37 of the display device 16 illustrated in FIG. SA. The counter 39 has a
function of starting counting in response to one pulse of pulses included in the Vsync signal and
determining the length of the frame period. The controller 37 has a function of controlling the
operations of the driver circuits 31 and the driver circuit 32 to rewrite the image signal in the
pixel portion 30 regardless of the signal (Sige) when the frame period determined by the counter

39 is ended.
[0105]

Alternatively, the frame period may be forcefully terminated in response to the

instruction for rewriting an image signal from an input device or the like.
[0106]

Note that display of the image may be performed again using the decoded image data
(Data-d) in the frame memory 23 when display of the image is performed, in the display device

16, using the same image signal (Vsig) as in the previous frame period.
[0107]

FIG. 6 shows an example where the image signal corresponding to the image data
(DataB) is written in the pixel (Pix1-1) in response to pulses of the vertical synchronization
signal (Vsync) also in the #-1-th frame period (F7-1) which is started after the 7-2-th frame period
(F#-2) and in the #-the frame period (F7) which is started after the 7-1-th frame period (F#-1) as in
the 7-2-th frame period (F7-2). Specifically, FIG. 6 illustrates a case where the controller 37
performs again the function of generating the image signal (Vsig) and performs again the
function of generating the control signal in response to the potential of the signal (Sige) changed
from a high level to a low level at the time when the periods start in the 7-1-th frame period
(F#-1) and in the #-th frame period (F7). Then, the controller 37 stops performing a function of
generating the image signal (Vsig) and stops performing a function of generating the control
signal in response to the potential of the signal (Sige) changed from a low level to a high level

after the rewriting of the image signal (Vsig) to the pixel portion 30 is ended.
[0108]
In one embodiment of the present invention, when the driver circuit 31 and the driver
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circuit 32 are operated intermittently, the number of times of writing image signals to the pixel
portion 30 can be greatly reduced while the image is continuously displayed on the display
portion 30. For example, in the case where a transistor including a highly purified oxide
semiconductor for a channel formation region as the transistor 35 in the pixel 33, the length of a
frame period can be made longer than or equal to 10 seconds, preferably longer than or equal to
30 seconds, and fu