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DESCRIPTION

METHOD FOR DRIVING A DISPLAY DEVICE

TECHNICAL FIELD
[0001]

One embodiment of the present invention relates to a display panel, a display device, an
input/output device, and a data processing 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. Furthermore, 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 light-emitting device, a power storage device, a memory device, a method of driving any of

them, and a method of manufacturing any of them.

BACKGROUND ART
[0003]

A transistor including an oxide semiconductor with a low off-state current is used to
form a circuit. A liquid crystal display device including, as the circuit, a precharge circuit or an
inspection circuit in addition to a pixel circuit is known (Patent Document 1). Since an oxide
semiconductor is used and the off-state current is low, there is little possibility of display failure
due to signal or voltage leakage into the precharge circuit or the inspection circuit. Thus, a
display device that performs accurate display can be provided.

[Reference]

[Patent Document]

[0004]

[Patent Document 1] Japanese Published Patent Application No. 2011-186450

DISCLOSURE OF INVENTION
[0005]
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An object of one embodiment of the present invention is to provide a novel display
panel that is highly convenient or reliable. Another object of one embodiment of the present
invention is to provide a novel display device that is highly convenient or reliable. Another
object is to provide a novel input/output device that is highly convenient or reliable. Another
object is to provide a novel data processing device that is highly convenient or reliable.
Another object is to provide a novel display panel, a novel display device, a novel input/output
device, a novel data processing device, or a novel semiconductor device.

[0006]

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.

[0007]

(1) One embodiment of the present invention is a display panel including a first driver
circuit, a second driver circuit, a first scan line, a second scan line, and a first signal line.
[0008]

The first driver circuit supplies a selection signal.

[0009]

The second driver circuit supplies a predetermined voltage. The second driver circuit
supplies first data with the use of a voltage greater than or equal to the predetermined voltage.
The second driver circuit also supplies second data with the use of a voltage less than or equal to
the predetermined voltage.

[0010]

The first scan line is selected in a first period. The second scan line is selected in a
third period and adjacent to the first scan line.
[0011]

The first signal line receives the first data in the first period. The first signal line
receives the predetermined voltage in a second period. The first signal line receives the second
data in the third period.

[0012]
The second period is provided between the first period and the third period.
[0013]
Thus, the first data can be supplied using the voltage greater than or equal to the

predetermined voltage in the first period, the second data can be supplied using the voltage less
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than or equal to the predetermined voltage in the third period, and a predetermined potential can
be supplied in the second period provided between the first period and the third period.
[0014]

The second data can be supplied using a voltage the polarity of which is different from
that of the first data.
[0015]

Before the voltage supplied to the first signal line is inverted, the predetermined voltage
can be supplied to the first signal line. When the voltage supplied to the first signal line is
inverted, a load on the second driver circuit can be dispersed in terms of time. When the
voltage supplied to the first signal line is inverted, a shortfall in the drive capability of the second
driver circuit can be prevented. For example, it is possible to reduce the effect of the voltage
used to supply the first data right before polarity inversion on the voltage used to supply the
second data right after the polarity inversion.

[0016]

Consequently, a novel display panel that is highly convenient or reliable can be
provided.
[0017]

(2) Another embodiment of the present invention is the display panel including a control
circuit.

[0018]

The control circuit supplies a control signal.
[0019]

The second driver circuit supplies the first data, the predetermined voltage, and the
second data on the basis of the control signal.
[0020]

The length of the second period is greater than O and less than or equal to twice the
length of the period in which the first data is supplied.
[0021]

This can make the voltage of the first signal line close to the predetermined voltage. In
order that a shortfall in the drive capability of the second driver circuit be prevented, the period
in which the first data is supplied can be reduced. Alternatively, the first period can be reduced.
Consequently, a novel display panel that is highly convenient or reliable can be provided.

[0022]
(3) Another embodiment of the present invention is the display panel in which the

second driver circuit supplies third data with the use of the voltage less than or equal to the
3
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predetermined voltage and supplies fourth data with the use of the voltage greater than or equal
to the predetermined voltage.
[0023]

The first scan line is selected in a fourth period, and the second scan line is selected in a
sixth period.
[0024]

The first signal line receives the third data in the fourth period. The first signal line
receives the predetermined voltage in a fifth period. The first signal line receives the fourth
data in the sixth period.

[0025]

The fourth period is provided right after the third period. The fifth period is provided
between the fourth period and the sixth period.
[0026]

Accordingly, the third data can be supplied using the voltage greater than or equal to the
predetermined voltage in the fourth period, the fourth data can be supplied using the voltage less
than or equal to the predetermined voltage in the sixth period, and the predetermined potential
can be supplied in the fifth period provided between the fourth period and the sixth period.

[0027]

The fourth data can be supplied using a voltage the polarity of which is different from
that of the third data.
[0028]

Before the voltage supplied to the first signal line is inverted, the predetermined voltage
can be supplied to the first signal line. When the voltage supplied to the first signal line is
inverted, a load on the second driver circuit can be dispersed in terms of time. When the
voltage supplied to the first signal line is inverted, a shortfall in the drive capability of the second
driver circuit can be prevented. For example, it is possible to reduce the effect of the voltage
used to supply the first data right before polarity inversion on the voltage used to supply the
second data right after the polarity inversion.

[0029]

The third data can be supplied using a voltage having the same polarity as the second
data. The third data supplied using the voltage having the same polarity as the second data can
be supplied to the first signal line in succession to the second data. The time required for the
supply of the predetermined voltage can be reduced.

[0030]
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Consequently, a novel display panel that is highly convenient or reliable can be
provided.
[0031]

(4) Another embodiment of the present invention is the display panel including a second
signal line.
[0032]

The second driver circuit supplies fifth data with the use of the voltage less than or
equal to the predetermined voltage. The second driver circuit supplies sixth data with the use of
the voltage greater than or equal to the predetermined voltage.

[0033]

The second signal line is adjacent to the first signal line. The second signal line
receives the fifth data in the first period. The second signal line receives the predetermined
voltage in the second period. The second signal line receives the sixth data in the third period.
[0034]

Accordingly, the fifth data can be supplied using the voltage less than or equal to the
predetermined voltage in the first period, the sixth data can be supplied using the voltage greater
than or equal to the predetermined voltage in the third period, and the predetermined potential
can be supplied in the second period provided between the first period and the third period.
[0035]

The sixth data can be supplied using a voltage the polarity of which is different from
that of the fifth data.

[0036]

Before the voltage supplied to the second signal line is inverted, the predetermined
voltage can be supplied to the second signal line. When the voltage supplied to the second
signal line is inverted, a load on the second driver circuit can be dispersed in terms of time.
When the voltage supplied to the second signal line is inverted, a shortfall in the drive capability
of the second driver circuit can be prevented. For example, it is possible to reduce the effect of
the voltage used to supply the first data right before polarity inversion on the voltage used to
supply the second data right after the polarity inversion.

[0037]

The fifth data can be supplied to the second signal line in the first period with the use of
a voltage the polarity of which is different from that of the first data supplied to the first signal
line. The sixth data can be supplied to the second signal line in the third period with the use of
a voltage the polarity of which is different from that of the second data supplied to the first signal

line.
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[0038]

Consequently, a novel display panel that is highly convenient or reliable can be
provided.
[0039]

(5) Another embodiment of the present invention is the display panel including a first
group of scan lines and a second group of scan lines.
[0040]

The first group of scan lines includes the first scan line, and the second group of scan
lines includes the second scan line.
[0041]

The scan lines of the first group are selected sequentially one by one by the first driver
circuit in the first period. The scan lines of the second group are selected sequentially one by
one by the first driver circuit in the third period.

[0042]

Accordingly, the scan lines of the second group can sequentially receive a selection
signal in the third period different from the first period in which the scan lines of the first group
sequentially receive a selection signal.

[0043]

The scan lines of the second group, which are different from the scan lines of the first
group which sequentially receive a selection signal in the first period, can sequentially receive a
selection signal in the third period.

[0044]

The second period in which the first driver circuit supplies no selection signal can be
provided between the first period and the third period. The second period in which the second
driver circuit supplies the predetermined voltage can be provided between the first period and the
third period.

[0045]

Consequently, a novel display panel that is highly convenient or reliable can be
provided.
[0046]

(6) Another embodiment of the present invention is the display panel including a display
region.

[0047]
The display region includes a first group of pixels, a second group of pixels, and a third

group of pixels.
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[0048]

The first group of pixels is arranged in a row direction. The first group of pixels
includes a first pixel. The first group of pixels is electrically connected to the first scan line.
[0049]

The second group of pixels is arranged in the row direction. The second group of
pixels includes a second pixel. The second group of pixels is electrically connected to the
second scan line.

[0050]

The third group of pixels is arranged in a column direction intersecting the row direction.
The third group of pixels includes the first pixel and the second pixel. The third group of pixels
is electrically connected to the first signal line.

[0051]

Accordingly, the second data can be supplied to the pixels without deteriorating right
after polarity inversion. The number of pixels of the third group electrically connected to the
first signal line can be increased. Consequently, a novel display panel that is highly convenient
or reliable can be provided.

[0052]

(7) Another embodiment of the present invention is the display panel in which the pixel
includes a functional layer and a display element.
[0053]

The functional layer includes a pixel circuit. The pixel circuit is electrically connected
to the display element. The display element includes a layer including a liquid crystal material.
[0054]

Accordingly, electric fields with inverse polarities can be applied to the layer including a
liquid crystal material. An irreversible change in the display characteristics of the display
element can be suppressed. Burn-in of the display element can be prevented. With the use of
a transistor having low current drive capability in the pixel circuit, electric fields with inverse
polarities can be applied to the layer including a liquid crystal material. Consequently, a novel
display panel that is highly convenient or reliable can be provided.

[0055]

(8) Another embodiment of the present invention is the display panel in which the pixel
circuit includes a transistor, the transistor includes a semiconductor, and the semiconductor
includes hydrogenated amorphous silicon.

[0056]
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Thus, for example, a transistor including hydrogenated amorphous silicon can be used
for the pixel circuit. The second data can be supplied to the pixels without deteriorating right
after polarity inversion. The number of pixels of the third group electrically connected to the
first signal line can be increased. Consequently, a novel display panel that is highly convenient
or reliable can be provided.

[0057]

(9) Another embodiment of the present invention is the display panel in which the first
scan line is selected at a frequency less than or equal to 1 Hz or greater than or equal to 30 Hz.
[0058]

The second scan line is selected at the same frequency as the first scan line. The pixel
circuit includes a transistor. The transistor includes a semiconductor. The semiconductor
includes an oxide semiconductor.

[0059]

Thus, flickering can be suppressed. Power consumption can be reduced. A moving
image that moves fast can be displayed smoothly. A photograph and the like can be displayed
in a large number of gray levels. Consequently, a novel display panel that is highly convenient
or reliable can be provided.

[0060]

(10) Another embodiment of the present invention is a display device including the
above display panel and a control portion.
[0061]

The control portion receives image data and control data. The control portion
generates data on the basis of the image data. The control portion supplies the data.
[0062]

The display panel receives the data and the pixel performs display on the basis of the
data.
[0063]

Thus, the image data can be displayed using the display element. Consequently, a
novel display device that is highly convenient or reliable can be provided.
[0064]

(11) Another embodiment of the present invention is an input/output device including an
input portion and a display portion.

[0065]

The display portion includes the above display panel.

[0066]
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The input portion includes a sensing region and senses an object approaching the

sensing region.
[0067]

The sensing region includes a region overlapping with the pixel.
[0068]

With such a structure, an object approaching the region overlapping with the display
portion can be sensed while the image data is displayed using the display portion. A finger or
the like that approaches the display portion can be used as a pointer to input positional data.
Positional data can be associated with the image data displayed on the display portion.
Consequently, a novel input/output device that is highly convenient or reliable can be provided
[0069]

(12) Another embodiment of the present invention is a data processing device including
any of the above display panels and one or more of a keyboard, a hardware button, a pointing
device, a touch sensor, an illuminance sensor, an imaging device, an audio input device, a sight
input device, and an attitude detection device.

[0070]

Thus, an arithmetic device can generate image data or control data on the basis of data
supplied using a variety of input devices. Consequently, a novel data processing device that is
highly convenient or reliable can be provided.

[0071]

Although the block diagram attached to this specification shows components classified
by their functions in independent blocks, it is difficult to classify actual components according to
their functions completely and it is possible for one component to have a plurality of functions.
[0072]

In this specification, the terms "source" and "drain" of a transistor interchange with each
other depending on the polarity of the transistor or the 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
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.

[0073]
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Note that in this specification, a "source" of a transistor means a source region that is
part of a semiconductor film functioning as an active layer or 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 a drain electrode connected to the semiconductor film. A "gate" means a
gate electrode.

[0074]

Note that in this specification, a state in which transistors are connected to each other in
series means, for example, a state in which only one of a source and a drain of a first transistor is
connected to only one of a source and a drain of a second transistor. In addition, a state in
which transistors are connected in parallel means a state in which one of a source and a drain of a
first transistor is connected to one of a source and a drain of a second transistor and the other of
the source and the drain of the first transistor is connected to the other of the source and the drain
of the second transistor.

[0075]

In this specification, the term "connection" means electrical connection and corresponds
to a state where current, voltage, or a potential can be supplied or transmitted. Accordingly,
connection means not only direct connection but also indirect connection through a circuit
element such as a wiring, a resistor, a diode, or a transistor so that current, a potential, or voltage
can be supplied or transmitted.

[0076]

In this specification, 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. The term
"connection" also means such a case where one conductive film has functions of a plurality of
components.

[0077]

Furthermore, in this specification, one of a first electrode and a second electrode of a
transistor refers to a source electrode and the other refers to a drain electrode.
[0078]

According to one embodiment of the present invention, a novel display panel that is
highly convenient or reliable can be provided. A novel display device that is highly convenient
or reliable can be provided. A novel input/output device that is highly convenient or reliable
can be provided. A novel data processing device that is highly convenient or reliable can be
provided. A novel display panel, a novel display device, a novel input/output device, a novel

data processing device, or a novel semiconductor device can be provided.
10
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[0079]

Note that the description of these effects does not preclude the existence of other effects.
One embodiment of the present invention does not necessarily achieve all the effects listed above.
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
[0080]

FIG. 1 is a block diagram illustrating a display panel of an embodiment.

FIG. 2 is a timing chart illustrating an operation of a display panel of an embodiment.

FIGS. 3A and 3B are schematic views illustrating operations of a display panel of an
embodiment.

FIGS. 4A to 4C illustrate a structure of a display panel of an embodiment.

FIGS. 5A and 5B are a cross-sectional view and a circuit diagram illustrating a structure
of a display panel of an embodiment.

FIGS. 6A and 6B are cross-sectional views illustrating a structure of a pixel of an
embodiment.

FIGS. 7A, 7BI1, 7B2, and 7B3 illustrate structures of a display device of an
embodiment.

FIG. 8 is a block diagram illustrating a structure of an input/output device of an
embodiment.

FIGS. 9A to 9C are a block diagram and projection views illustrating structures of a data
processing device of an embodiment.

FIGS. 10A and 10B are flow charts illustrating a method of driving a data processing
device of an embodiment.

FIGS. 11A to 11C illustrate a method of driving a data processing device of an
embodiment.

FIGS. 12A to 12C illustrate an artificial intelligence portion of a data processing device
of an embodiment.

FIGS. 13A to 13E illustrate structures of a data processing device of an embodiment.

FIGS. 14A to 14E each illustrate a structure of a data processing device of an

embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0081]
11
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A display panel of one embodiment of the present invention includes a first driver
circuit, a second driver circuit, a first scan line, a second scan line, and a first signal line. The
first driver circuit supplies a selection signal.

[0082]

The second driver circuit supplies a predetermined voltage. The second driver circuit
supplies first data with the use of a voltage greater than or equal to the predetermined voltage.
The second driver circuit also supplies second data with the use of a voltage less than or equal to
the predetermined voltage.

[0083]

The first scan line is selected in a first period. The second scan line is selected in a
third period and adjacent to the first scan line.
[0084]

The first signal line receives the first data in the first period. The first signal line
receives the predetermined voltage in a second period. The first signal line receives the second
data in the third period. The second period is provided between the first period and the third
period.

[0085]

Accordingly, the first data can be supplied using the voltage greater than or equal to the
predetermined voltage in the first period, the second data can be supplied using the voltage less
than or equal to the predetermined voltage in the third period, and a predetermined potential can
be supplied in the second period provided between the first period and the third period.

[0086]

The second data can be supplied using a voltage the polarity of which is different from
that of the first data.
[0087]

Before the voltage supplied to the first signal line is inverted, the predetermined voltage
can be supplied to the first signal line. When the voltage supplied to the first signal line is
inverted, a load on the second driver circuit can be dispersed in terms of time. When the
voltage supplied to the first signal line is inverted, a shortfall in the drive capability of the second
driver circuit can be prevented. For example, it is possible to reduce the effect of the voltage
used to supply the first data right before polarity inversion on the voltage used to supply the
second data right after the polarity inversion.

[0088]
Consequently, a novel display panel that is highly convenient or reliable can be

provided.
12
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[0089]

Embodiments will be described in detail 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 modified in various
ways without departing from the spirit and scope of the present invention. Thus, the present
invention should not be construed as being limited to the description in the following
embodiments. Note that in structures of the present invention described below, the same
portions or portions having similar functions are denoted by the same reference numerals in
different drawings, and a description thereof is not repeated.

[0090]
(Embodiment 1)

In this embodiment, a structure of a display panel of one embodiment of the present
invention is described with reference to FIG. 1, FIG. 2, and FIGS. 3A and 3B.
[0091]

FIG. 1 is a block diagram illustrating a structure of the display panel of one embodiment
of the present invention.
[0092]

FIG. 2 is a timing chart showing an operation of the display panel of one embodiment of
the present invention.
[0093]

FIGS. 3A and 3B are schematic views illustrating operations of the display panel of one
embodiment of the present invention. FIG. 3A is a schematic view illustrating an operation of
the display panel of one embodiment of the present invention, and FIG. 3B is a schematic view
illustrating an operation different from the operation in FIG. 3A.

[0094]

Note that in this specification, an integer variable of 1 or more may be used for
reference numerals. For example, "(p)" where p is an integer variable of 1 or more may be used
for part of a reference numeral that specifies any one of components (p components at a
maximum). For another example, "(m, n)" where each of m and n is an integer variable of 1 or
more may be used for part of a reference numeral that specifies any one of components (mxn
components at a maximum).

[0095]
<Structure example 1 of display panel>
A display panel 700 described in this embodiment includes a driver circuit GDI, a

driver circuit SD1, a scan line G1(i), a scan line G1(i+1), and a signal line S1(j) (see FIG. 1).
13
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Note that the scan line G1(i) and the scan line G1(i+1) are included in a group of scan lines
Gl(g+1) to G1(2g). Note that for example, i is an integer greater than or equal to 1 and less
than or equal to (m—1), j is an integer greater than or equal to 1 and less than or equal to (n—1),
and each of m and n is an integer greater than or equal to 1. For example, g is an integer greater
than or equal to 1 and less than or equal to (m/2).

[0096]

<<Structure example 1 of driver circuit GD1>>

The driver circuit GD1 supplies a selection signal. For example, a rectangular wave
can be used as the selection signal. Specifically, FIG. 2 shows waveforms of selection signals
supplied to scan lines G1(g) to G1(2g+1).

[0097]

For example, the driver circuit GD1 has a function of supplying the selection signal to
one scan line at a frequency of 30 Hz or more, preferably 60 Hz or more, on the basis of a
control signal SP.  Accordingly, a moving image can be smoothly displayed.

[0098]

For example, the driver circuit GD1 has a function of supplying a selection signal to one
scan line at a frequency less than 30 Hz, preferably less than 1 Hz, more preferably less than
once per minute, on the basis of the control signal SP. Accordingly, a still image can be
displayed with suppressed flickering.

[0099]

Thus, flickering can be suppressed. Power consumption can be reduced. A moving
image that moves fast can be displayed smoothly. A photograph and the like can be displayed
in a large number of gray levels. Consequently, a novel display panel that is highly convenient
or reliable can be provided.

[0100]
<<Structure example 1 of driver circuit SD1>>

The driver circuit SD1 supplies a predetermined voltage VCOM1.
[0101]

The driver circuit SD1 supplies first data with the use of a voltage greater than or equal
to the predetermined voltage VCOMI1. For example, a signal V11(j)(g+1) includes the first
data.

[0102]
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The driver circuit SD1 supplies second data with the use of a voltage less than or equal
to the predetermined voltage VCOM1. For example, a signal V11(j)(g+2) includes the second
data. It can be said that the polarity of the second data is inverted from that of the first data.
[0103]

The driver circuit SD1 has a function of supplying an image signal on the basis of data
V11.

[0104]

The driver circuit SD1 has a function of genecrating the image signal and supplying the
image signal to a pixel circuit electrically connected to one display element.
[0105]

For example, any of a variety of sequential circuits, such as a shift register, can be used
as the driver circuit SD1.
[0106]

For example, an integrated circuit formed on a silicon substrate can be used as the driver
circuit SD1.
[0107]

An integrated circuit can be mounted on a terminal by a chip on glass (COG) method or
a chip on film (COF) method, for example. Specifically, an anisotropic conductive film can be
used to mount an integrated circuit on the terminal.

[0108]
<<Structure example 1 of scan lines G1(i) and G1(i+1)>>

The scan line G1(i) is selected in a period T1. The scan line G1(i+1) is selected in a
period T3. Note that the scan line G1(i+1) is adjacent to the scan line G1(i) (see FIG. 1).

[0109]

For example, the scan line G1l(g+1) is selected in the period T1 and the scan line
G1(g+2) is selected in the period T3 (see FIG. 2). The scan line G1(g+2) is adjacent to the scan
line G1(g+1).

[0110]
<<Structure example 1 of signal line S1(j}>>

The first data is supplied to the signal line S1(j) in the period T1. For example, the
signal V11(j)(g+1) including the first data is supplied in the period T1 (see FIG. 2).

[0111]

The predetermined voltage VCOMI is supplied to the signal line S1(j) in a period T2.
[0112]
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The second data is supplied to the signal line S1(j) in the period T3. For example, the
signal V11(j}(g+2) including the second data is supplied in the period T3.
[0113]
<<Periods T1, T2, and T3>>

The period T2 is provided between the periods T1 and T3. In other words, the period
T2 is provided between the periods T1 and T3 and the polarity is inverted in the period T2. For
example, a state A2 is a schematic view illustrating the state in the end of the period T1 and a
state A3 is a schematic view illustrating the state in the end of the period T3 (see FIG. 3A). For
example, a state B2 is a schematic view illustrating the state in the end of the period T1 and a
state B3 is a schematic view illustrating the state in the end of the period T3 (see FIG. 3B).
[0114]

Thus, the first data can be supplied using the voltage greater than or equal to the
predetermined voltage VCOMI in the period T1, the second data can be supplied using the
voltage less than or equal to the predetermined voltage VCOMI1 in the period T3, and a
predetermined potential can be supplied in the period T2 provided between the period T1 and the
period T3. The second data can be supplied using a voltage the polarity of which is different
from that of the first data. Before the voltage supplied to the signal line S1(j) is inverted, the
predetermined voltage VCOM1 can be supplied to the signal line S1(j). When the voltage
supplied to the signal line S1(j) is inverted, the load on the driver circuit SD1 can be dispersed in
terms of time. When the voltage supplied to the signal line S1(j) is inverted, a shortfall in the
drive capability of the driver circuit SD1 can be prevented. For example, it is possible to
reduce the effect of the voltage used to supply the first data right before polarity inversion on the
voltage used to supply the second data right after the polarity inversion. Consequently, a novel
display panel that is highly convenient or reliable can be provided.

[0115]
<Structure example 2 of display panel>
The display panel 700 includes a control circuit 233 (see FIG. 1).
[0116]
<<Control circuit 233>>
The control circuit 233 supplies the data V11 and the control signal SP.
[0117]
For example, the data V11 includes image data.
[0118]
The control circuit 233 has a function of supplying the control signal SP. For example,

a clock signal, a timing signal, or the like can be used as the control signal SP. Specifically, a
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start pulse that starts an operation of the driver circuit GD1 or the driver circuit SD1 can be used
as the control signal SP; operations of the driver circuits can thus be synchronized.
[0119]
For example, a timing controller can be used as the control circuit 233.
[0120]

For example, the control circuit 233 mounted on a rigid substrate can be used for the
display panel. Note that the control circuit 233 mounted on the rigid substrate can be
electrically connected to the driver circuit SD1 with the use of a flexible printed circuit.

[0121]
<<Driver circuit SD1>>

The driver circuit SD1 supplies the first data, the predetermined voltage VCOM, and the
second data on the basis of the control signal SP. For example, the driver circuit SD1 supplies
the signal V11(j)(g+1) including the first data (see FIG. 2).

[0122]

The length of the period T2 is greater than 0 and less than or equal to twice the length of
a period T11 in which the first data is supplied, for example, greater than or equal to 0.4 times
and less than or equal to the length of the period T11, and preferably, greater than or equal to 0.5
times and less than or equal to 0.8 times the length of the period T11.

[0123]

This can make the voltage of the signal line S1(j) close to the predetermined voltage
VCOM. In order that a shortfall in the drive capability of the driver circuit SD1 be prevented,
the period T11 in which the first data is supplied can be reduced. Alternatively, the period T1
can be reduced. Consequently, a novel display panel that is highly convenient or reliable can be
provided.

[0124]
<<Structure example 2 of driver circuit SD1>>

The driver circuit SD1 supplies third data with the use of the voltage less than or equal
to the predetermined voltage VCOMI1. For example, the signal V11(j)(g+1) includes the third
data (see FIG. 2).

[0125]

The driver circuit SD1 supplies fourth data with the use of the voltage greater than or
equal to the predetermined voltage VCOMI1. For example, the signal V11(j)(g+1) includes the
fourth data.

[0126]
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<<Structure example 2 of scan line G1(i) and scan line G1(i+1)>>

The scan line G1(i) is selected in a period T4. The scan line G1(i+1) is selected in a
period T6.
[0127]

For example, the scan line G1l(g+1) is selected in the period T4 and the scan line
G1(g+2) is selected in the period T6 (see FIG. 2).

[0128]
<<Structure example 2 of signal line S1(j)>>

The third data is supplied to the signal line S1(j) in the period T4. For example, the
signal V11(j)(g+1) including the third data is supplied in the period T4.
[0129]

The predetermined voltage VCOMI is supplied to the signal line S1(j) in a period T5.
[0130]

The fourth data is supplied to the signal line S1(j) in a period T6. For example, the
signal V11(j)(g+2) including the fourth data is supplied in the period T6.

[0131]
<<Periods T4, T5, and T6>>

The period T4 is provided right after the period T3 and the period T5 is provided
between the periods T4 and T6. In other words, the polarity is not inverted between the periods
T3 and T4. For example, a state A3 is a schematic view illustrating the state in the end of the
period T3 and a state A4 is a schematic view illustrating the state in the end of the period T4 (see
FIG. 3A). For example, a state BS is a schematic view illustrating the state in the end of the
period T3 and a state B6 is a schematic view illustrating the state in the end of the period T4 (see
FIG. 3B).

[0132]

Thus, the third data can be supplied using the voltage greater than or equal to the
predetermined voltage VCOMI1 in the period T4, the fourth data can be supplied using the
voltage less than or equal to the predetermined voltage VCOMI in the period T6, and the
predetermined potential can be supplied in the period T5 provided between the period T4 and the
period T6. The fourth data can be supplied using a voltage the polarity of which is different
from that of the third data. Before the voltage supplied to the signal line S1(j) is inverted, the
predetermined voltage VCOM1 can be supplied to the signal line S1(j). When the voltage
supplied to the signal line S1(j) is inverted, the load on the driver circuit SD1 can be dispersed in

terms of time. When the voltage supplied to the signal line S1(j) is inverted, a shortfall in the
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drive capability of the driver circuit SD1 can be prevented. The third data can be supplied
using a voltage having the same polarity as the second data. The third data supplied using the
voltage having the same polarity as the second data can be supplied to the signal line S1(j) in
succession to the second data. The time required for the supply of the predetermined voltage
VCOMI1 can be reduced. Consequently, a novel display panel that is highly convenient or
reliable can be provided.
[0133]
<Structure example 3 of display panel>

The display panel 700 also includes a signal line S1(j+1) (see FIG. 1).
[0134]

The driver circuit SD1 supplies fifth data with the use of the voltage less than or equal
to the predetermined voltage VCOMI (see FIG. 2). For example, a signal V11(j+1)(g+1)
includes the fifth data.

[0135]

The driver circuit SD1 supplies sixth data with the use of the voltage greater than or
equal to the predetermined voltage VCOM1. For example, a signal V11(j+1)(g+2) includes the
sixth data. It can be said that the polarity of the sixth data is inverted from that of the first data.
[0136]
<<Structure example 1 of signal line S1(j+1)>>

The signal line S1(j+1) is adjacent to the signal line S1(j).

[0137]

The signal line S1(j+1) receives the fifth data in the period T1, receives the
predetermined voltage VCOMI in the period T2, and receives the sixth data in the period T3.
[0138]

Accordingly, the fifth data can be supplied using the voltage less than or equal to the
predetermined voltage VCOM1 in the period T1, the sixth data can be supplied using the voltage
greater than or equal to the predetermined voltage VCOMI in the period T3, and the
predetermined potential can be supplied in the period T2 provided between the period T1 and the
period T3.

[0139]

The sixth data can be supplied using a voltage the polarity of which is different from
that of the fifth data.
[0140]

19



10

15

20

25

30

WO 2019/008464 PCT/IB2018/054603

Before the voltage supplied to the signal line S1(j+1) is inverted, the predetermined
voltage VCOMI can be supplied to the signal line S1(j+1). When the voltage supplied to the
signal line S1(j+1) is inverted, a load on the driver circuit SD1 can be dispersed in terms of time.
When the voltage supplied to the signal line S1(j+1) is inverted, a shortfall in the drive capability
of the driver circuit SD1 can be prevented. For example, it is possible to reduce the effect of
the voltage used to supply the first data right before polarity inversion on the voltage used to
supply the second data right after the polarity inversion.

[0141]

The fifth data can be supplied to the signal line S1(j+1) in the period T1, using a voltage
the polarity of which is different from that of the first data supplied to the signal line S1(j). The
sixth data can be supplied to the signal line S1(j+1) in the period T3, using a voltage the polarity
of which is different from that of the second data supplied to the signal line S1(j).

[0142]

Consequently, a novel display panel that is highly convenient or reliable can be

provided.
[0143]
<Structure example 4 of display panel>

The display panel 700 includes a first group of scan lines and a second group of scan
lines.
[0144]

The first group of scan lines includes the scan line G1(i) (see FIG. 1). For example,
the scan lines G1(g+1) to G1(2g+1) can be used as the first group of scan lines (see FIG. 2).
Specifically, the scan lines that are odd numbered from the scan line G1(g+1), such as the scan
lines G1(g+1), G1(g+3), and G1(g+5), can be used as the first group of scan lines.

[0145]

The second group of scan lines includes the scan line G1(i+1) (see FIG. 1). For
example, the scan lines G1(g+2) to G1(2g) can be used as the second group of scan lines (see
FIG. 2). Specifically, the scan lines that are even numbered from the scan line G1(g+1), such as
the scan lines G1(g+2), G1(g+4), and G1(g+6), can be used as the second group of scan lines.
[0146]
<<Structure example 2 of driver circuit GD1>>

By the driver circuit GD1, the scan lines of the first group are selected sequentially one
by one in the period T1 (see FIG. 2).

[0147]
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By the driver circuit GDI, the scan lines of the second group are selected sequentially
one by one in the period T3 (see FIG. 2).

[0148]

The scan lines of the second group can sequentially receive a selection signal in the
period T3 different from the period T1 in which the scan lines of the first group sequentially
receive a selection signal.

[0149]

The scan lines of the second group, which are different from the scan lines of the first
group which sequentially receive a selection signal in the period T1, can sequentially receive a
selection signal in the period T3.

[0150]

The period T2 in which the driver circuit SD1 supplies no selection signal can be
provided between the periods T1 and T3. The period T2 in which the driver circuit SDI
supplies the predetermined voltage can be provided between the periods T1 and T3.

[0151]

Consequently, a novel display panel that is highly convenient or reliable can be
provided.
[0152]
[Standard]

A so-called 8K television device or 8K television monitor has 4320 scan lines, 7680
signal lines, and a 120 Hz frame rate. In this case, the allowable period in which a selection
signal is supplied to one scan line is as follows: 1/(120 x 4320) = 1.92 pus.

[0153]
[Operation example]

The period T11 in which the selection signal is supplied to one scan line is set to 1.9 us
(see FIG. 2). Note that the 1.9-us period is shorter than the 1.92-us allowable period by 0.02
us.

[0154]

For example, the 4320 scan lines are divided into 18 sets. The number of scan lines
per set is 240.

[0155]

The 120 odd-numbered scan lines of each set are regarded as the first group of scan
lines. The 120 even-numbered scan lines of each set are regarded as the second group of scan

lines.
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[0156]

In the case where the scan lines of the first group receive the selection signal one by one
sequentially, the period T1 requires 228 us (= 1.9 pusx120) or more.
[0157]

In addition, the period T2 in which the predetermined voltage VCOMI is supplied to the
signal lines is 2.4 us.
[0158]

In the case where the scan lines of the second group receive the selection signal one by
one sequentially, the period T3 requires 228 us (= 1.9 usx120) or more.
[0159]

The sum of the periods T1 to T3 becomes 458.4 us (= 228 us+2.4 pus+228 us) or more.
The result indicates that the period of time required to supply the selection signals to each set of
scan lines is 458.4 us or more.

[0160]

The period of time required to supply the selection signals to all the 4320 scan lines
divided into 18 sets, i.e., one frame period can be estimated at 8.2512 ms (= 18x458.4 us) or
more.

[0161]

In the case where the frame rate is 120 Hz, one frame period is 8.3333 ms. The
8.3333-ms period is longer than the above-described 8.2512-ms period.  This indicates that the
selection signals can be supplied to the 4320 scan lines at a 120 Hz frame rate by the
above-described operation method.

[0162]
<Structure example 5 of display panel>

The display panel 700 also includes a display region 231 (see FIG. 1).
[0163]
<<Display region 231>>

The display region 231 includes a first group of pixels 702(i, 1) to 702(i, n), a second
group of pixels 702(i+1, 1) to 702(i+1, n), and a third group of pixels 702 (1, j) to 702 (m, j).
[0164]
<<Group of pixels 702(i, 1) to 702(i, n)>>

The first group of pixels 702(i, 1) to 702(i, n) are provided in the row direction (the
direction indicated by the arrow R1 in the drawing).

[0165]
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The first group of pixels 702(i, 1) to 702(1, n) include a first pixel 702(i, j).
[0166]

The first group of pixels 702(i, 1) to 702(i, n) are electrically connected to a scan line
G1().

[0167]
<<@Group of pixels 702(i+1, 1) to 702(i+1, n)>>

The second group of pixels 702(i+1, 1) to 702(i+1, n) are provided in the row direction.
[0168]

The second group of pixels 702(i+1, 1) to 702(i+1, n) include a second pixel 702(1+1, j).
[0169]

The second group of pixels 702(i+1, 1) to 702(i+1, n) are electrically connected to a
scan line G1(i+1).

[0170]
<<Group of pixels 702(1, j) to 702(1, n)>>

The third group of pixels 702(1, j) to 702(1, n) are provided in the column direction
intersecting the row direction (the direction indicated by the arrow C1 in the drawing).
[0171]

The third group of pixels 702(1, j) to 702(1, n) includes the first pixel 702(i, j) and the
second pixel 702(1+1, j).

[0172]

The third group of pixels 702(1, j) to 702(1, n) are electrically connected to the signal
line S1(j).
[0173]

Accordingly, the second data can be supplied to the pixels without deteriorating right
after polarity inversion. The number of pixels of the third group electrically connected to the
signal line S1(j) can be increased. Consequently, a novel display panel that is highly
convenient or reliable can be provided.

[0174]

Note that this embodiment can be combined with any of the other embodiments in this
specification as appropriate.
[0175]

(Embodiment 2)
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In this embodiment, a structure of a display panel of one embodiment of the present
invention is described with reference to FIGS. 4A to 4C, FIGS. 5A and 5B, and FIGS. 6A and
6B.

[0176]

FIGS. 4A to 4C illustrate a structure of a display panel of one embodiment of the
present invention. FIG. 4A is a top view of the display panel and FIGS. 4B and 4C are top
views illustrating part of a pixel of the display panel in FIG. 4A.

[0177]

FIG. 5A is a cross-sectional view taken along the cutting lines X1-X2, X3-X4, and
X9-X10 in FIG. 4A. FIG. 5B is a circuit diagram illustrating a structure of the pixel circuit
included in the display panel of one embodiment of the present invention.

[0178]

FIG. 6A illustrates a structure of the pixel of the display panel of one embodiment of the
present invention. FIG. 6B is a cross-sectional view illustrating part of the pixel illustrated in
FIG. 6A.

[0179]
<Structure example 6 of display panel>

The display panel 700 described in this embodiment includes a pixel 702(i, j) (see FIG.

4A).
[0180]
<<Structure example 1 of pixel 702(i, j)>>

The pixel 702(i, j) includes a functional layer 520 and a display element 750(i, j) (see

FIG. 5A).
[0181]
<<Structure example 1 of functional layer 520>>

The functional layer 520 includes a pixel circuit 530(i, j).
[0182]
<<Structure example 1 of pixel circuit 530(, j)>>

The pixel circuit 530(i, j) is electrically connected to the display element 750(i, ) (see
FIGS. SA and 5B).

[0183]

For example, the pixel circuit 530(i, j) is electrically connected to the display element
750(i, J) in an opening portion 591A (see FIG. 6A).

[0184]

<<Structure example 1 of display element 750>>
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The display element 750, j) has a function of controlling transmission or reflection of
light. Specifically, a liquid crystal element can be used in combination with a polarizing plate.
For example, a layer 753 including a liquid crystal material can be used for the liquid crystal
element.

[0185]

The display element 750(i, j) includes the layer 753 including a liquid crystal material
(see FIG. 6A).

[0186]

Accordingly, electric fields with inverse polarities can be applied to the layer including a
liquid crystal material. An irreversible change in the display characteristics of the display
element can be suppressed. Burn-in of the display element can be prevented. With the use of
a transistor having low current drive capability in the pixel circuit, electric fields with inverse
polarities can be applied to the layer including a liquid crystal material. Consequently, a novel
display panel that is highly convenient or reliable can be provided.

[0187]

For example, a reflective liquid crystal element can be used as the display element 750(i,
j). The use of a reflective element can reduce the power consumption of the display panel.
[0188]

For example, a transmissive liquid crystal display element can be used as the display
element 750(i, j). The display panel 700 has a function of controlling transmission of light
from a backlight BL to display an image.

[0189]
<<Structure example of liquid crystal element>>

For example, a liquid crystal element driven in any of the following driving modes can
be used: an in-plane switching (IPS) mode, a twisted nematic (TN) mode, a fringe field
switching (FFS) mode, an axially symmetric aligned micro-cell (ASM) mode, an optically
compensated birefringence (OCB) mode, a ferroelectric liquid crystal (FLC) mode, an
antiferroelectric liquid crystal (AFLC) mode, and the like.

[0190]

The liquid crystal element used here can be driven also by a vertical alignment (VA)
mode such as a multi-domain vertical alignment (MVA) mode, a patterned vertical alignment
(PVA) mode, an electrically controlled birefringence (ECB) mode, a continuous pinwheel
alignment (CPA) mode, or an advanced super view (ASV) mode.

[0191]

<<Structure example 2 of display element 750(, j)>>
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The display element 750(i, j) includes an electrode 751(i, j), an electrode 752, and the
layer 753 including a liquid crystal material.
[0192]

The electrode 751(i, j) is electrically connected to the pixel circuit 530(i, j) in the
opening portion 591A.
[0193]

The electrode 752 is provided such that an electric field that controls the alignment of
the liquid crystal material is formed between the electrode 752 and the electrode 751(, j).
[0194]

The display element 750(i, j) includes an alignment film AF1 and an alignment film
AF2.
[0195]
<<Layer 753 including liquid crystal material>>

The layer 753 including a liquid crystal material includes a region between the
alignment film AF1 and the alignment film AF2.
[0196]

For example, a liquid crystal material having a resistivity greater than or equal to 1.0 x
10" Q.cm, preferably greater than or equal to 1.0 x 10" Q.cm), further preferably greater than or
equal to 1.0 x 10" Q-cm, is used for the layer 753 including a liquid crystal material. This can
suppress a variation in the transmittance of the display element 750(i, j). Furthermore,
flickering of the display element 750(i, j) can be suppressed. The rewriting frequency of the
display element 750(i, j) can also be reduced.
[0197]
<<Structure body KB 1>>

A structure body KB1 has a function of providing a certain space between the functional
layer 520 and the substrate 770.
[0198]
<<Structure example 2 of pixel circuit 530(1, j)>>

The pixel circuit 530(i, j) includes a switch SW1. For example, a transistor can be
used as the switch SW1.
[0199]
<<Structure example 1 of switch SW1>>

The transistor used as the switch SW1 includes a semiconductor (see FIG. 6B).

[0200]
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The transistor includes a semiconductor film 508, a conductive film 504, a conductive
film 512A, and a conductive film 512B (see FIG. 6B).
[0201]

The semiconductor film 508 includes a region 508A electrically connected to the
conductive film 512A and a region 508B electrically connected to the conductive film 512B.
The semiconductor film 508 includes a region S08C between the region S08A and the region
S08B.

[0202]

The conductive film 504 includes a region overlapping with the region 508C and has a
function of a gate electrode.
[0203]

An insulating film 506 includes a region sandwiched between the semiconductor film
508 and the conductive film 504. The insulating film 506 has a function of a gate insulating
film.

[0204]

The conductive film 512A has one of a function of a source electrode and a function of a
drain electrode, and the conductive film 512B has the other.
[0205]

Note that, for example, semiconductor films formed in the same step can be used for
transistors in the driver circuit and the pixel circuit.
[0206]

As the transistor in the driver circuit or the pixel circuit, a bottom-gate transistor or a
top-gate transistor can be used, for example.
[0207]
<<Semiconductor film 508>>

For example, a semiconductor including a Group 14 element can be used for the
semiconductor film 508. Specifically, a semiconductor including silicon can be used for the
semiconductor film 508.

[0208]

For example, hydrogenated amorphous silicon can be used for the semiconductor film
508. Microcrystalline silicon or the like can also be used for the semiconductor film 508.
Thus, a display panel having less display unevenness than a display panel using polysilicon for
the semiconductor film 508, for example, can be provided. The size of the display panel can be
easily increased.

[0209]
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Thus, for example, a transistor including hydrogenated amorphous silicon can be used
for the pixel circuit. The second data can be supplied to the pixels without deteriorating right
after polarity inversion. The number of pixels of the third group electrically connected to the
signal line S1(j) can be increased. Consequently, a novel display panel that is highly
convenient or reliable can be provided.

[0210]

For example, polysilicon can be used for the semiconductor film 508. In this case, for
example, the field-effect mobility of the transistor can be higher than that of a transistor using
hydrogenated amorphous silicon for the semiconductor film 508. For example, the drive
capability can be higher than that of a transistor using hydrogenated amorphous silicon for the
semiconductor film 508. For example, the aperture ratio of the pixel can be higher than that of
a transistor using hydrogenated amorphous silicon for the semiconductor film 508.

[0211]

The semiconductor film used for the transistor in the driver circuit can be formed in the
same process as the semiconductor film used for the transistor in the pixel circuit. The driver
circuit can be formed over the same substrate as the substrate over which the pixel circuit is
formed. The number of components included in an electronic device can be reduced.

[0212]

For example, the reliability of the transistor can be higher than that of a transistor using
hydrogenated amorphous silicon for the semiconductor film 508.

[0213]

The temperature required for manufacture of the transistor can be lower than that
required for a transistor using single crystal silicon, for example.
[0214]

For example, single crystal silicon can be used for the semiconductor film 508. In this
case, for example, the resolution can be higher than that of a display panel using hydrogenated
amorphous silicon for the semiconductor film 508. For example, a display panel having less
display unevenness than a display panel using polysilicon for the semiconductor film 508, for
example, can be provided. For example, smart glasses or a head mounted display can be
provided.

[0215]

For example, a compound semiconductor can be used as a semiconductor of the

transistor. Specifically, a semiconductor including gallium arsenide can be used.

[0216]
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For example, an organic semiconductor can be used as a semiconductor of the transistor.
Specifically, an organic semiconductor including any of polyacenes and graphene can be used for
the semiconductor film.

[0217]
<<Structure example 3 of scan lines G1(i) and G1(i+1)>>

The scan line G1(i) is selected at a frequency less than or equal to 2 Hz or greater than
or equal to 30 Hz, preferably less than or equal to 1 Hz or greater than or equal to 60 Hz. The
scan line G1(i+1) is selected at the same frequency as the scan line G1(1).

[0218]

The pixel circuit 530(1, j) includes the switch SW1. For example, a transistor can be

used as the switch SW1.
[0219]
<<Structure example 2 of switch SW1>>

The transistor used as the switch SW1 includes an oxide semiconductor (see FIG. 6B).
[0220]
<<Structure example 2 of semiconductor film 508>>

For example, a transistor using an oxide semiconductor can be used. Specifically, an
oxide semiconductor including indium or an oxide semiconductor including indium, gallium, and
zinc can be used for the semiconductor film.

[0221]

For example, a transistor having a lower leakage current in an off state than a transistor
that uses amorphous silicon for a semiconductor film can be used. Specifically, a transistor that
uses an oxide semiconductor in a semiconductor film can be used.

[0222]

Thus, a pixel circuit can hold an image signal for a longer time than a pixel circuit
including a transistor that uses amorphous silicon for a semiconductor film. Specifically, the
selection signal can be supplied at a frequency less than 30 Hz, preferably less than 1 Hz, more
preferably less than once per minute while flickering is suppressed. Consequently, fatigue of a
user of the data processing device can be reduced, and power consumption for driving can be
reduced.

[0223]

For example, a 25-nm-thick film including indium, gallium, and zinc can be used as the

semiconductor film 508

[0224]
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A conductive film in which a 10-nm-thick film including tantalum and nitrogen and a
300-nm-thick film including copper are stacked can be used as the conductive film 504, for
example. A film including copper includes a region provided such that a film including
tantalum and nitrogen is positioned between the film including copper and the insulating film
506.

[0225]

For example, a stacked-layer film in which a 400-nm-thick film including silicon and
nitrogen and a 200-nm-thick film including silicon, oxygen, and nitrogen are stacked can be used
for the insulating film 506. Note that the film including silicon and nitrogen includes a region
provided such that the film including silicon, oxygen, and nitrogen is positioned between the
film including silicon and nitrogen and the semiconductor film 508.

[0226]

For example, a conductive film in which a 50-nm-thick film including tungsten, a
400-nm-thick film including aluminum, and a 100-nm-thick film including titanium are stacked
in this order can be used as the conductive film 512A or the conductive film 512B. Note that
the film including tungsten includes a region in contact with the semiconductor film 508.

[0227]

A manufacturing line for a bottom-gate transistor including amorphous silicon as a
semiconductor can be easily remodeled into a manufacturing line for a bottom-gate transistor
including an oxide semiconductor as a semiconductor, for example. For example, a
manufacturing line for a top-gate transistor including polysilicon as a semiconductor can be
easily remodeled into a manufacturing line for a top-gate transistor including an oxide
semiconductor as a semiconductor. In any case, a conventional manufacturing line can be
effectively used.

[0228]

Thus, flickering can be suppressed. Power consumption can be reduced. A moving
image that moves fast can be displayed smoothly. A photograph and the like can be displayed
in a large number of gray levels. Consequently, a novel display panel that is highly convenient
or reliable can be provided.

[0229]
<<Structure example 2 of pixel circuit 702(i, j)>>

The display region 231 includes a plurality of pixels. For example, pixels having a
function of displaying colors with different hues can be used for the display region 231. Colors
with hues that cannot be represented by each of the plurality of pixels can be represented by

additive color mixing with the use of the plurality of pixels.
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[0230]

Note that when a plurality of pixels capable of representing colors with different hues
are used for color mixture, each of the pixels can be referred to as a subpixel. In addition, a set
of subpixels can be referred to as a pixel.

[0231]

For example, the pixel 702(i, j) can be referred to as a subpixel, and the pixel 702(, j),
the pixel 702(i, j+1), and the pixel 702(i, j+2) can be collectively referred to as a pixel 703(i, k)
(see FIG. 4C).

[0232]

Specifically, a subpixel that represents blue, a subpixel that represents green, and a
subpixel that represents red can be collectively used as the pixel 703(i, k). Alternatively, a
subpixel that represents cyan, a subpixel that represents magenta, and a subpixel that represents
yellow can be collectively used as the pixel 703(i, k).

[0233]

Alternatively, for example, the above set to which a subpixel that represents white or the
like is added can be used as the pixel.
[0234]
<Structure example 7 of display panel>

The display panel 700 includes a substrate 510, a substrate 770, and an insulating film
501C (see FI1G. 6A).
[0235]

The insulating film 501C includes a region between the substrate 510 and the substrate
770. The functional layer 520 includes a region between the insulating film 501C and the
substrate 770.

[0236]
<<Structure example of functional layer 520>>

The functional layer 520 includes an insulating film 521. The insulating film 521
includes an insulating film 521A and an insulating film 521B.
[0237]
<<Insulating film 521>>

For example, an insulating inorganic material, an insulating organic material, or an
insulating composite material including an inorganic material and an organic material can be
used for the insulating film 521.

[0238]
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Specifically, an inorganic oxide film, an inorganic nitride film, an inorganic oxynitride
film, and the like, or a layered material obtained by stacking some of these films can be used for
the insulating film 521.

[0239]

For example, a film including any of a silicon oxide film, a silicon nitride film, a silicon
oxynitride film, and an aluminum oxide film, and the like, or a film including a material obtained
by stacking any of these films can be used for the insulating film 521. Note that the silicon
nitride film is a dense film and has an excellent function of suppressing diffusion of impurities.
[0240]

For example, polyester, polyolefin, polyamide, polyimide, polycarbonate, polysiloxane,
an acrylic resin, or a layered or composite material including resins selected from these, or the
like can be used for the insulating film 521. Alternatively, a photosensitive material may be
used. Thus, with the insulating film 521, steps due to various components overlapping with the
insulating film 521, for example, can be reduced.

[0241]

Note that polyimide is excellent in the following properties compared with other organic
materials: thermal stability, an insulating property, toughness, a low dielectric constant, a low
coefficient of thermal expansion, and high chemical resistance, for example. Accordingly, in
particular, polyimide can be suitably used for the insulating film 521 or the like.

[0242]

For example, a film formed using a photosensitive material can be used as the insulating
film 521. Specifically, a film formed using photosensitive polyimide, photosensitive acrylic, or
the like can be used as the insulating film 521.

[0243]

For example, a light-transmitting material can be used for the insulating film 521.
Specifically, silicon nitride can be used for the insulating film 521.

[0244]

For example, a material that transmits blue light, green light, or red light can be used for
the insulating film 521. Specifically, a resin including a coloring material can be used for the
insulating film 521. For example, an acrylic resin or the like including a dye or a pigment can
be used for the insulating film 521. Thus, the spectral width of light transmitted through the
insulating film 521 can be narrowed. The insulating film 521 can be used as a color filter, for
example. A backplane with a color filter on array structure can be provided.

[0245]

<<Functional layer 720>>
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The functional layer 720 includes a coloring film CF, an insulating film 771, and a
light-blocking film BM.
[0246]

The coloring film CF includes a region sandwiched between the substrate 770 and the
display element 750(, j).

[0247]

The light-blocking film BM has an opening portion in a region overlapping with the
pixel 702(i, j).

[0248]

The insulating film 771 includes a region sandwiched between the coloring film CF and
the layer 753 including a liquid crystal material or a region sandwiched between the
light-blocking film BM and the layer 753 including a liquid crystal material. Thus, unevenness
due to the thickness of the coloring film CF can be reduced. Furthermore, impurities can be
prevented from diffusing from the light-blocking film BM, the coloring film CF, or the like to the
layer 753 including a liquid crystal material.

[0249]
<<Functional films 770P and 770D and the like>>

A functional film 770P includes a region overlapping with the display element 750(, j).
A functional film 770D also includes a region overlapping with the display element 750(, j).
[0250]

For example, an anti-reflection film, a polarizing film, a retardation film, a light
diffusion film, a condensing film, or the like can be used for the functional film 770P or the
functional film 770D.

[0251]

Specifically, a circularly polarizing film can be used for the functional film 770P.
Furthermore, a light diffusion film can be used for the functional film 770D.

[0252]

Furthermore, an antistatic film preventing the attachment of a foreign substance, a water
repellent film preventing stains, an antireflection film, an anti-glare (non-glare) film, a hard coat
film suppressing a scratch in use, or the like can be used for the functional film 770P.

[0253]

Note that this embodiment can be combined with any of the other embodiments in this
specification as appropriate.
[0254]

(Embodiment 3)
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In this embodiment, structures of a display device of one embodiment of the present
invention are described with reference to FIGS. 7A, 7B1, 7B2, and 7B3.
[0255]

FIGS. 7A, 7B1, 7B2, and 7B3 illustrate structures of a display device of one
embodiment of the present invention. FIG. 7A is a block diagram of the display device of one
embodiment of the present invention. FIGS. 7B1, 7B2, and 7B3 are perspective views
illustrating structures of the display device of one embodiment of the present invention.

[0256]
<Structure example of display device>

The display device described in this embodiment includes a control portion 238 and the

display panel 700 (see FIG. 7A).
[0257]
<<Structure example of control portion 238>>

The control portion 238 receives image data V1 and control data CI.
[0258]

The control portion 238 generates the data V11 on the basis of the image data V1 and
supplies the data V11. The data V11 includes a gray scale of 8 bits or more, preferably 12 bits
or more, for example.

[0259]

Specifically, the control portion 238 includes a decompression circuit 234 and an image

processing circuit 235,
[0260]
<<Decompression circuit 234>>

The decompression circuit 234 has a function of decompressing the image data V1
which is supplied in a compressed state. The decompression circuit 234 includes a memory
portion. The memory portion has a function of storing decompressed image data, for example.
[0261]
<<Image processing circuit 235>>

The image processing circuit 235 includes a memory region, for example. The
memory region has a function of storing data included in the image data V1, for example.

[0262]

The image processing circuit 235 has a function of generating the data V11 by
correcting the image data V1 on the basis of a predetermined characteristic curve and a function
of supplying the data V11, for example.

[0263]
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<Structure example of display panel>

The display panel 700 receives the data V11. The pixel 702(i, j) performs display on
the basis of the data V11.
[0264]

For example, the display panel described in Embodiment 1 can be used.
[0265]

For example, driver circuits GDA(1), GDB(1), GDA(2), and GDB(2) each have a
function of supplying a selection signal on the basis of the control signal SP.
[0266]

For example, driver circuits SDA(1), SDB(1), SDC(1), SDA(2), SDB(2), and SDC(2)
each receive the control signal SP and supply the data V11.
[0267]

Thus, the image data can be displayed using the display element. Consequently, a
novel display device that is highly convenient or reliable can be provided. For example, a
television receiver system (see FIG. 7B1), a video monitor (see FIG. 7B2), a laptop computer
(see FIG. 7B3), or the like can be provided.
[0268]

Note that this embodiment can be combined with any of the other embodiments in this
specification as appropriate.
[0269]
(Embodiment 4)

In this embodiment, a structure of an input/output device of one embodiment of the
present invention is described with reference to FIG. 8.
[0270]

FIG. 8 is a block diagram illustrating the structure of the input/output device of one
embodiment of the present invention.
[0271]
<Structure example of input/output device>

The input/output device described in this embodiment includes an input portion 240 and
a display portion 230 (see FIG. 8).
[0272]
<<The display portion 230>>

For example, the display panel 700 described in Embodiment 1 can be used for the
display portion 230. Note that a panel having a structure including the input portion 240 and

the display portion 230 can be referred to as an input/output panel 700TP.
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[0273]
<<Input portion 240>>

The input portion 240 includes a sensing region 241. The input portion 240 has a
function of sensing an object approaching the sensing region 241.
[0274]

The sensing region 241 includes a region overlapping with the pixel 702(i, j).
[0275]

The input portion 240 can include an oscillation circuit OSC and a sensing circuit DC
(see FIG. 8).
[0276]
<<Sensing region 241>>

The sensing region 241 can include one or more sensing elements, for example.
[0277]

The sensing region 241 includes the one group of sensing elements 775(g, 1) to 775(g,
q) and another group of sensing elements 775(1, h) to 775(p, h). Note that g is an integer
greater than or equal to 1 and less than or equal to p, h is an integer greater than or equal to 1 and
less than or equal to q, and each of p and q is an integer greater than or equal to 1.
[0278]

The one group of sensing elements 775(g, 1) to 775(g, q) include the sensing element
775(g, h) and are arranged in the row direction (indicated by the arrow R2 in the drawing).
Note that the direction indicated by the arrow R2 may be the same as or different from the
direction indicated by the arrow R1.
[0279]

The group of sensing elements 775(1, h) to 775(p, h) include the sensing element 775(g,
h) and are arranged in the column direction (the direction indicated by the arrow C2 in the
drawing) which intersects the row direction.
[0280]
<<Sensing element>>

The sensing element has a function of sensing an approaching pointer. For example, a
finger, a stylus pen, or the like can be used for the pointer. For example, a piece of metal, a coil,
or the like can be used for the stylus pen.
[0281]

Specifically, a capacitive proximity sensor, an electromagnetic inductive proximity
sensor, an optical proximity sensor, a resistive proximity sensor, or the like can be used as the

sensing element.
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[0282]

Alternatively, a plurality of kinds of sensing elements can be used in combination. For
example, a sensing element that senses a finger and a sensing element that senses a stylus pen
can be used in combination.

[0283]

This allows determination of the kind of a pointer. An instruction can also be
associated with sensing data depending on the kind of a pointer.  Specifically, in the case where
it is determined that a finger is used as a pointer, sensing data can be associated with a gesture.
In the case where it is determined that a stylus pen is used as a pointer, sensing data can be
associated with drawing processing.

[0284]

Specifically, a capacitive proximity sensor or an optical proximity sensor can be used to
sense a finger. An electromagnetic inductive proximity sensor or an optical proximity sensor
can be used to sense a stylus pen.

[0285]

Note that this embodiment can be combined with any of the other embodiments in this
specification as appropriate.
[0286]

(Embodiment 5)

In this embodiment, a structure of a data processing device of one embodiment of the
present invention is described with reference to FIGS. 9A to 9C, FIGS. 10A and 10B, FIGS. 11A
to 11C, and FIGS. 12A to 12C.

[0287]

FIG. 9A is a block diagram illustrating a structure of the data processing device of one
embodiment of the present invention. FIGS. 9B and 9C are projection views each illustrating
an example of an external view of the data processing device.

[0288]

FIGS. 10A and 10B are flow charts illustrating a program of one embodiment of the
present invention. FIG. 10A is a flow chart illustrating main processing of the program of one
embodiment of the present invention. FIG. 10B is a flow chart illustrating interrupt processing.
[0289]

FIGS. 11A to 11C illustrate the program of one embodiment of the present invention.
FIG. 11A is a flow chart illustrating interrupt processing of the program of one embodiment of

the present invention. FIG. 11B is a schematic view illustrating actuation of the data processing
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device and FIG. 11C is a timing chart illustrating operation of the data processing device of one
embodiment of the present invention.
[0290]

FIG. 12A is a block diagram illustrating an artificial intelligence portion of one
embodiment of the present invention, FIG. 12B illustrates a neural network, and FIG. 12C is a
block diagram illustrating a neuron circuit of one embodiment of the present invention.

[0291]
<Structure example 1 of data processing device>

The data processing device described in this embodiment includes an arithmetic device
210 and an input/output device 220 (see FIG. 9A). Note that the input/output device 220 is
electrically connected to the arithmetic device 210. Furthermore, the data processing device
200 can include a housing (see FIG. 9B or FIG. 9C).

[0292]
<<Structure example 1 of arithmetic device 210>>

The arithmetic device 210 receives input data II or sensing data DS. The arithmetic
device 210 supplies the control data CI and the image data V1.
[0293]

The arithmetic device 210 includes an arithmetic portion 211 and a memory portion 212.
The arithmetic device 210 also includes a transmission path 214 and an input/output interface
215.

[0294]

The transmission path 214 is electrically connected to the arithmetic portion 211, the

memory portion 212, and the input/output interface 215.
[0295]
<<Arithmetic portion 211>>

The arithmetic portion 211 has a function of executing a program, for example.
[0296]
<<Memory portion 212>>

The memory portion 212 has a function of, for example, storing a program executed by
the arithmetic portion 211, initial data, setting data, an image, or the like.
[0297]

Specifically, a hard disk, a flash memory, a memory including a transistor including an
oxide semiconductor, or the like can be used.
[0298]

<<Input/output interface 215 and transmission path 214>>
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The input/output interface 215 includes a terminal or a wiring and has a function of
supplying and receiving data. For example, the input/output interface 215 can be electrically
connected to the transmission path 214.  The input/output interface 215 can also be electrically
connected to the input/output device 220.

[0299]

The transmission path 214 includes a wiring and has a function of supplying and
receiving data. For example, the transmission path 214 can be electrically connected to the
input/output interface 215. In addition, the transmission path 214 can be electrically connected
to the arithmetic portion 211, the memory portion 212, or the input/output interface 215.

[0300]
<<Structure example of input/output device 220>>

The input/output device 220 supplies the input data II and the sensing data DS and
receives the control data CI and the image data V1 (see FIG. 9A).
[0301]

As the input data II, for example, a scan cord of a keyboard, positional data, actuation
data of buttons, sound data, image data, or the like can be used. For example, illuminance data,
attitude data, acceleration data, bearing data, pressure data, temperature data, humidity data, or
the like of an environment where the data processing device 200 is used or the like can be used
as the sensing data DS.

[0302]

As the control data CI, for example, a signal controlling the luminance of display of the
image data V1, a signal controlling the color saturation of display of the image data V1, or a
signal controlling the hue of display of the image data V1 can be used. A signal that changes
display of part of the image data V1 can also be used as the control data CI.

[0303]

The input/output device 220 includes the display portion 230, the input portion 240, a
sensing portion 250, and a communication portion 290. For example, the input/output device
described in Embodiment 4 can be used.

[0304]

The display portion 230 displays the image data V1 on the basis of the control data CIL.
[0305]

The input portion 240 generates the input data IL
[0306]

The sensing portion 250 generates the sensing data DS.

[0307]
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<<Display portion 230>>

The display portion 230 has a function of displaying an image on the basis of the image
data V1. The display portion 230 has a function of displaying an image on the basis of the
control data CL.

[0308]

The display portion 230 includes the control portion 238, the driver circuit GD1, the
driver circuit SD1, and the display panel 700 (see FIGS. 7A, 7B1, 7B2, and 7B3). For example,
the display device described in Embodiment 3 can be used for the display portion 230.

[0309]
<<Input portion 240>>

The input portion 240 has a function of supplying the positional data P1. Any of a
variety of human interfaces or the like can be used as the input portion 240.

[0310]

For example, a keyboard, a mouse, a touch sensor, a microphone, a camera, or the like
can be used as the input portion 240. Note that a touch sensor having a region overlapping with
the display portion 230 can be used. An input/output device that includes the display portion
230 and a touch sensor having a region overlapping with the display portion 230 can be referred
to as a touch panel or a touch screen.

[0311]

For example, a user can make various gestures (e.g., tap, drag, swipe, and pinch in)
using his/her finger as a pointer on the touch panel.
[0312]

The arithmetic device 210, for example, analyzes data on the position, track, or the like
of the finger on the touch panel and determines that a specific gesture is supplied when the
analysis results meet predetermined conditions. Therefore, the user can supply a certain
actuation instruction associated with a predetermined gesture by using the gesture.

[0313]

For instance, the user can supply a "scrolling instruction" for changing a portion where
image data is displayed by using a gesture of touching and moving his/her finger on the touch
panel.

[0314]
<<Sensing portion 250>>

The sensing portion 250 has a function of supplying the sensing data DS. The sensing

portion 250 has a function of sensing the illuminance of the environment where the data

processing device 200 is used and a function of supplying illuminance data, for example.
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[0315]

The sensing portion 250 has a function of sensing the ambient conditions and supplying
the sensing data. Specifically, the sensing portion 250 can supply illuminance data, attitude
data, acceleration data, bearing data, pressure data, temperature data, humidity data, or the like.
[0316]

For example, a photosensor, an attitude sensor, an acceleration sensor, a direction sensor,
a global positioning system (GPS) signal receiving circuit, a pressure sensor, a temperature
sensor, a humidity sensor, a camera, or the like can be used for the sensing portion 250.
[0317]
<<Communication portion 290>>

The communication portion 290 has a function of supplying and acquiring data to/from
a network.

[0318]
<<Housing>>

Note that the housing has a function of housing the input/output device 220 or the
arithmetic device 210. Alternatively, the housing has a function of supporting the display
portion 230 or the arithmetic device 210.

[0319]

Thus, the data processing device can determine the intensity of light received by the
housing of the data processing device and operate in a usage environment. Alternatively, a user
of the data processing device can select a display method. Consequently, a novel data
processing device that is highly convenient or reliable can be provided.

[0320]

Note that these components cannot be clearly distinguished from each other and one
component may also serve as another component or include part of another component. For
example, a touch panel in which a touch sensor is provided to overlap with a display panel serves
as an input portion as well as a display portion.

[0321]
<<Structure example 2 of arithmetic device 210>>

The arithmetic device 210 includes an artificial intelligence portion 213 (see FIG. 9A).
[0322]
<<Structure example 1 of artificial intelligence portion 213>>

The artificial intelligence portion 213 generates the control data CI on the basis of the
input data II or the sensing data DS (see FIG. 12A).

[0323]
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The artificial intelligence portion 213 includes a semiconductor device 90.

[0324]
[Natural language processing on input data II]

Specifically, the artificial intelligence portion 213 can perform natural language
processing on the input data II to extract one feature from the whole input data II.  For example,
the artificial intelligence portion 213 can infer emotion or the like in the input data II and extract
the emotion or the like as a feature. The artificial intelligence portion 213 can also infer the
color, design, font, or the like empirically felt suitable for the feature. The artificial intelligence
portion 213 can also generate data specifying the color, design, or font of a letter or data
specifying the color or design of the background, and the data can be used as the control data CL
[0325]

Specifically, the artificial intelligence portion 213 can perform natural language
processing on the input data II to extract some words included in the input data II.  For example,
the artificial intelligence portion 213 can extract expressions including a grammatical error, a
factual error, emotion, or the like. The artificial intelligence portion 213 can also generate the
control data CI for display of extracted part in the color, design, font, or the like different from
those of other part so that the control data CI can be used.

[0326]
[Image processing on input data IT]

Specifically, the artificial intelligence portion 213 can perform natural language
processing on the input data II to extract one feature from the input data II. For example, the
artificial intelligence portion 213 can infer the age where an image of the input data II is taken,
whether the image is taken indoors or outdoors, whether the image is taken in the daytime or at
night, or the like, which can be extracted as a feature. The artificial intelligence portion 213
can also infer the color tone empirically felt suitable for the feature and generate the control data
CI for use of the color tone for display. Specifically, data specifying color (e.g., full color,
monochrome, or sepia) used for expression of a gradation can be used as the control data CI.
[0327]

Specifically, the artificial intelligence portion 213 can perform image processing on the
input data II to extract some images included in the input data II. For example, the artificial
intelligence portion 213 can generate the control data CI for display of a boundary between
extracted part of the image and another extracted part. Specifically, the artificial intelligence
portion 213 can generate the control data CI for display of a rectangle surrounding the extracted
part of the image.

[0328]
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[Inference using sensing data DS]

Specifically, the artificial intelligence portion 213 can generate an inference RI with the
use of the sensing data DS as the data IN. The artificial intelligence portion 213 can generate
the control data CI on the basis of the inference RI so that the user of the data processing device
200 can feel comfortable.

[0329]

Specifically, the artificial intelligence portion 213 can generate the control data CI for
adjustment of display brightness on the basis of the ambient illuminance or the like to provide
comfortable display brightness. The artificial intelligence portion 213 can also generate the
control data CI for adjustment of volume on the basis of the ambient noise or the like to provide
comfortable volume.

[0330]

As the control data CI, a clock signal, a timing signal, or the like that is supplied to the
control portion 238 included in the display portion 230 can be used. A clock signal, a timing
signal, or the like that is supplied to a control portion included in the input portion 240 can also
be used as the control data CL.

[0331]
<<Semiconductor device 90>>

The semiconductor device 90 supplies the control data CI on the basis of the input data
IT or the sensing data DS.

[0332]

The semiconductor device 90 receives the data IN and supplies the inference RI (see
FIGS. 12A and 12B). For example, the input data II or the sensing data DS can be used as the
data IN. For example, the inference RI can be used as the control data CI.

[0333]

For example, the semiconductor device 90 can extract a feature from the input data II or
the sensing data DS. The semiconductor device 90 can generate the control data CI on the basis
of the extracted feature.

[0334]

For example, the semiconductor device 90 can extract part of the input data II or the
sensing data DS. The semiconductor device 90 can generate the control data CI so that the
extracted part is displayed to be different from other part.

[0335]
Thus, the control data CI enabling display that can be felt suitable can be generated, or

display that can be felt suitable is possible. The control data CI enabling display that can be felt
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comfortable can be generated, or display that can be felt comfortable is possible. Consequently,
a novel data processing device that is highly convenient or reliable can be provided.
[0336]
<<Structure example 2 of semiconductor device 90>>

The semiconductor device 90 includes a neural network 80 (see FIG. 12A).
[0337]
<<Neural network 80>>

The neural network 80 includes an input layer 81, a middle layer 82, and an output layer
83 (see FIG. 12B). For example, a convolutional neural network can be used as the neural
network 80. A recurrent neural network can also be used as the neural network 80.
[0338]

The input layer 81 includes a first group of neuron circuits.
[0339]

The middle layer 82 includes a second group of neuron circuits.
[0340]

The output layer 83 includes a third group of neuron circuits.
[0341]

The second group of neuron circuits includes a first neuron circuit 71 and a second
neuron circuit 72.
[0342]

The first neuron circuit 71 is electrically connected to the first group of neuron circuits.
[0343]

The second neuron circuit 72 is electrically connected to the third group of neuron
circuits.
[0344]

The first group of neuron circuits receives the data IN. For example, the input data II
or the sensing data DS can be used as the data IN.
[0345]

The third group of neuron circuits supplies the inference RI. For example, the
inference RI can be used as the control data CI.
[03406]
<<First neuron circuit 71>>

The first neuron circuit 71 includes a product-sum operation unit 10 and a converter 30
(see FIG. 12C).

[0347]
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<<Product-sum operation unit 10>>

The product-sum operation unit 10 receives a group of input signals X[1] to X[N].
The product-sum operation unit 10 receives a group of weight data W[1] to W[N]. The
product-sum operation unit 10 also receives a bias signal B.

[0348]

By the product-sum operation unit 10, a product-sum signal U is generated on the basis
of the bias signal B and the product-sum value of the group of input signals X[1] to X[N] and the
group of weight data W[1] to W[N] and supplied.

[0349]
<<Converter 30>>

The converter 30 is electrically connected to the product-sum operation unit 10. By
the converter 30, an output signal f(U) is generated on the basis of the product-sum signal U and
supplied.

[0350]
<Structure example 3 of data processing device >

Another structure of the data processing device of one embodiment of the present
invention is described with reference to FIGS. 10A and 10B.
[0351]
<<Program>>

The program of one embodiment of the present invention has the following steps (see
FIG. 10A).

[0352]
[First step]

In a first step, setting is initialized (see S1 in FIG. 10A).
[0353]

For example, predetermined image data which is to be displayed on start-up and data for
determining a predetermined mode of displaying the image data and a predetermined method of
displaying the image data are acquired from the memory portion 212. Specifically, one still
image data or another moving image data can be used as the predetermined image data.
Furthermore, a first mode or a second mode can be used as the predetermined mode.

[0354]
[Second step]

In a second step, interrupt processing is allowed (see S2 in FIG. 10A). Note that an

arithmetic device allowed to execute the interrupt processing can perform the interrupt

processing in parallel with the main processing. The arithmetic device which has returned from
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the interrupt processing to the main processing can reflect the results of the interrupt processing
in the main processing.
[0355]

The arithmetic device may execute the interrupt processing when a counter has an initial
value, and the counter may be set at a value other than the initial value when the arithmetic
device returns from the interrupt processing. Thus, the interrupt processing is always ready to
be executed after the program is started up.

[0356]
[Third step]

In a third step, image data is displayed in a predetermined mode or a predetermined
display method selected in the first step or the interrupt processing (see S3 in FIG. 10A). Note
that the predetermined mode identifies a mode for displaying the data, and the predetermined
display method identifies a method of displaying image data. For example, the image data V1
can be used for data to be displayed.

[0357]

For example, a method of displaying the image data V1 can be associated with the first
mode. Another method of displaying the image data V1 can be associated with the second
mode. Thus, a display method can be selected on the basis of the selected mode.

[0358]
<<First mode>>

Specifically, a method of supplying sclection signals to a scan line at a frequency of 30
Hz or more, preferably 60 Hz or more, and performing display in accordance with the selection
signals can be associated with the first mode.

[0359]

For example, the supply of selection signals at a frequency of 30 Hz or more, preferably
60 Hz or more, enables display of a smooth moving image.

[0360]

For example, an image is refreshed at a frequency of 30 Hz or more, preferably 60 Hz or
more, so that an image smoothly following the user's actuation can be displayed on the data
processing device 200 the user actuates.

[0361]
<<Second mode>>

Specifically, a method of supplying selection signals to a scan line at a frequency less

than 30 Hz, preferably less than 1 Hz, further preferably less than once a minute and performing

display in accordance with the selection signals can be associated with the second mode.
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[0362]

The supply of selection signals at a frequency less than 30 Hz, preferably less than 1 Hz,
more preferably less than once a minute, can perform display with flickering reduced.
Furthermore, power consumption can be reduced.

[0363]

For example, when the data processing device 200 is used for a clock or watch, the
display can be refreshed at a frequency of once a second, once a minute, or the like.
[0364]

For example, when a light-emitting element is used as the display element, the
light-emitting element can be made to emit light in a pulsed manner so as to display image data.
Specifically, an organic EL element can be made to emit light in a pulsed manner, and its
afterglow can be used for display. The organic EL element has excellent frequency
characteristics; thus, time for driving the light-emitting element can be shortened, and thus power
consumption can be reduced in some cases. Alternatively, heat generation can be inhibited, and
thus the deterioration of the light-emitting element can be suppressed in some cases.

[0365]
[Fourth step]

In a fourth step, the next step is determined as follows: a fifth step is selected when a
termination instruction has been supplied, whereas the third step is selected when the termination
instruction has not been supplied (see S4 in FIG. 10A).

[0366]

For example, the termination instruction supplied in the interrupt processing can be used

to determine the next step.
[0367]
[Fifth step]

In the fifth step, the program terminates (see S5 in FIG. 10A).
[0368]
<<Interrupt processing>>

The interrupt processing includes sixth to eighth steps described below (see FIG. 10B).
[0369]

[Sixth step]

In the sixth step, the illuminance of the environment where the data processing device
200 is used can be sensed using the sensing portion 250, for example (see S6 in FIG. 10B).
Note that the color temperature or chromaticity of ambient light may be sensed instead of the

illuminance of the environment.
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[0370]
[Seventh step]

In the seventh step, a display method is determined on the basis of the sensed
illuminance data (see S7 in FIG. 10B). For example, a display method is determined such that
the brightness of display is not too bright or too dark.

[0371]

In the case where the color temperature or chromaticity of the ambient light is sensed in

the sixth step, the color of display may be adjusted.
[0372]
[Eighth step]

In the eighth step, the interrupt processing terminates (see S8 in FIG. 10B).
[0373]
<Structure example 3 of data processing device>

Another structure of the data processing device of one embodiment of the present
invention is described with reference to FIGS. 11A and 11B.
[0374]

FIG. 11A is a flow chart illustrating a program of one embodiment of the present
invention. The interrupt processing in the flow chart in FIG. 11A is different from that in FIG.
10B.

[0375]

Note that the structure example 3 of the data processing device is different from the
interrupt processing in FIG. 10B in that the interrupt processing includes a step in which a mode
is changed on the basis of a supplied predetermined event. The different portion is described in
detail below, and the above description is referred to for similar portions.

[0376]
<<Interrupt processing>>

The interrupt processing includes sixth to eighth steps described below (see FIG. 11A).
[0377]

[Sixth step]

In the sixth step, the processing proceeds to the seventh step when a predetermined
event has been supplied, whereas the processing proceeds to the eighth step when the
predetermined event has not been supplied (see U6 in FIG. 11A). For example, whether the
predetermined event is supplied in a predetermined period or not can be a branch condition.

Specifically, the predetermined period can be greater than 0 seconds and less than or equal to 5
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seconds, preferably less than or equal to 1 second, more preferably less than or equal to 0.5
seconds, still more preferably less than or equal to 0.1 seconds.

[0378]

[Seventh step]

In the seventh step, the mode is changed (see U7 in FIG. 11A). Specifically, the mode
is changed from the first mode to the second mode, or the mode is changed from the second
mode to the first mode.

[0379]

For example, it is possible to change the display mode of a region that is part of the
display portion 230, or more specifically, the display mode of a region in the display portion 230
including driver circuits GDA, GDB, and GDC, where a selection signal is supplied from one of
the driver circuits (see FIG. 11B).

[0380]

For example, the display mode of the region where a selection signal is supplied from
the driver circuit GDB can be changed when a predetermined event is supplied to the input
portion 240 in a region overlapping with the region where a selection signal is supplied from the
driver circuit GDB (see FIGS. 11B and 11C).  Specifically, the frequency of the selection signal
supplied from the driver circuit GDB can be changed in accordance with an event supplied to a
touch panel with a finger or the like, such as "tap".

[0381]

A signal GCLK is a clock signal controlling an operation of the driver circuit GDB, and
signals PWC1 and PWC2 are pulse width control signals controlling the operation of the driver
circuit GDB. The driver circuit GDB supplies selection signals to scan lines G2(m+1) to
G2(2m) on the basis of the signals GCLK, PWC1, PWC2, and the like.

[0382]

Thus, for example, the driver circuit GDB can supply a selection signal without supply
of selection signals from the driver circuits GDA and GDC. Furthermore, the display of the
region where a selection signal is supplied from the driver circuit GDB can be refreshed without
any change in the display of regions where selection signals are supplied from the driver circuits
GDA and GDC. Furthermore, power consumed by the driver circuits can be reduced.

[0383]
[Eighth step]

In the eighth step, the interrupt processing terminates (see U8 in FIG. 11A). Note that

in a period in which the main processing is executed, the interrupt processing may be repeatedly

executed.
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[0384]
<<Predetermined event>>

For example, the following events can be used: events supplied using a pointing device
such as a mouse (e.g., "click" and "drag") and events supplied to a touch panel with a finger or
the like used as a pointer (e.g., "tap", "drag", and "swipe").

[0385]

For example, the position of a slide bar pointed by a pointer, the swipe speed, and the
drag speed can be used as parameters assigned to an instruction associated with a predetermined
event.

[0386]

For example, data sensed by the sensing portion 250 is compared to a predetermined
threshold value, and the compared results can be used for the event.
[0387]

Specifically, a pressure sensor or the like in contact with a button or the like that can be
pushed in a housing can be used as the sensing portion 250.

[0388]
<<Instruction associated with predetermined event>>

For example, the termination instruction can be associated with a predetermined event.
[0389]

For example, "page-turning instruction" for switching displayed image data from one to
another can be associated with a predetermined event. Note that a parameter determining the
page-turning speed or the like when the "page-turning instruction" is executed can be supplied
using the predetermined event.

[0390]

For example, "scroll instruction" for moving the display position of displayed part of
image data and displaying another part continuing from that part or the like can be associated
with a predetermined event. Note that a parameter determining the moving speed of the display
position, or the like, when the "scroll instruction" is executed can be supplied using the
predetermined event.

[0391]

For example, an instruction for setting the display method or an instruction for
generating image data can be associated with a predetermined event. Note that a parameter
determining the brightness of a generated image can be associated with a predetermined event.
Note that a parameter determining the brightness of a generated image may be determined on the

basis of ambient brightness sensed by the sensing portion 250.
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[0392]

For example, an instruction for acquiring data distributed via a push service using the
communication portion 290 or the like can be associated with a predetermined event.
[0393]

Note that positional data sensed by the sensing portion 250 may be used for the
determination of the presence or absence of a qualification for acquiring data. Specifically, it
may be determined that there is a qualification for acquiring data when a user is in a
predetermined class room, school, conference room, office, building, or the like. For example,
educational materials can be fed from a classroom of a school or a university, so that the data
processing device 200 can be used as a schoolbook or the like (see FIG. 9C). Alternatively,
materials distributed from a conference room in, for example, a company can be received and
used for a conference material.

[0394]

Note that this embodiment can be combined with any of the other embodiments in this
specification as appropriate.
[0395]

(Embodiment 6)

In this embodiment, structures of a data processing device of one embodiment of the
present invention are described with reference to FIGS. 13A to 13E and FIGS. 14A to 14E.
[0396]

FIGS. 13A to 13E and FIGS. 14A to 14E illustrate structures of the data processing
device of one embodiment of the present invention. FIG. 13A is a block diagram of the data
processing device, and FIGS. 13B to 13E are perspective views each illustrating a structure of
the data processing device. FIGS. 14A to 14E are perspective views each illustrating a structure
of the data processing device.

[0397]
<Data processing device>

A data processing device 5200B described in this embodiment includes an arithmetic
device 5210 and an input/output device 5220 (see FIG. 13A).
[0398]

The arithmetic device 5210 has a function of receiving actuation data and a function of
supplying image data on the basis of the actuation data.

[0399]
The input/output device 5220 includes a display portion 5230, an input portion 5240, a

sensing portion 5250, and a communication portion 5290 and has a function of supplying
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operation data and a function of receiving image data. The input/output device 5220 also has a
function of supplying sensing data, a function of supplying communication data, and a function
of receiving communication data.

[0400]

The input portion 5240 has a function of supplying actuation data. For example, the
input portion 5240 supplies actuation data on the basis of actuation by a user of the data
processing device 5200B.

[0401]

Specifically, a keyboard, a hardware button, a pointing device, a touch sensor, an
illuminance sensor, an imaging device, an audio input device, an eye-gaze input device, an
attitude sensing device, or the like can be used as the input portion 5240.

[0402]

The display portion 5230 includes a display panel and has a function of displaying
image data. For example, the display panel described in Embodiment 1 or Embodiment 2 can
be used for the display portion 5230.

[0403]

The sensing portion 5250 has a function of supplying sensing data. For example, the
sensing portion 5250 has a function of sensing a surrounding environment where the data
processing device is used and supplying sensing data.

[0404]

Specifically, an illuminance sensor, an imaging device, an attitude sensing device, a
pressure sensor, a human motion sensor, or the like can be used as the sensing portion 5250.
[0405]

The communication portion 5290 has a function of receiving and supplying
communication data. For example, the communication portion 5290 has a function of being
connected to another electronic device or a communication network through wireless
communication or wired communication. Specifically, the communication portion 5290 has a
function of wireless local area network communication, telephone communication, or near field
communication, for example.

[0406]
<<Structure example 1 of data processing device>>

For example, the display portion 5230 can have an outer shape along a cylindrical
column (see FIG. 13B). The data processing device has a function of changing its display
method in accordance with the illuminance of a usage environment. In addition, the data

processing device has a function of changing the displayed content in response to sensed
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existence of a person. This allows the data processing device to be provided on a column of a
building, for example. The data processing device can display advertising, guidance, or the like.
The data processing device can be used for digital signage or the like.
[0407]
<<Structure example 2 of data processing device>>

For example, the data processing device has a function of generating image data on the
basis of the path of a pointer used by a user (see FIG. 13C). Specifically, the display panel with
a diagonal size of 20 inches or longer, preferably 40 inches or longer, further preferably S5
inches or longer can be used. Alternatively, a plurality of display panels can be arranged in one
display region. Alternatively, a plurality of display panels can be arranged and used as a
multiscreen. Thus, the data processing device can be used for an electronic blackboard, an
electronic bulletin board, or digital signage, for example.
[0408]
<<Structure example 3 of data processing device>>

For example, the data processing device has a function of changing its display method
in accordance with the illuminance of a usage environment (see FIG. 13D). Thus, it is possible
to obtain a smartwatch with reduced power consumption, for example. Alternatively, for
example, it is possible to obtain a smartwatch that can display an image such that the smartwatch
can be suitably used in an environment under strong external light, e.g., outdoors in fine weather.
[0409]
<<Structure example 4 of data processing device>>

For example, the display portion 5230 has a surface gently curved along a side surface
of a housing (see FIG. 13E). The display portion 5230 includes a display panel that can display
an image on the front surface, the side surfaces, and the top surface, for example. Thus, it is
possible to obtain a mobile phone that can display image data on not only its front surface but
also its side surfaces and top surface.
[0410]
<<Structure example 5 of data processing device>>

For example, the data processing device 5200B has a function of changing its display
method in accordance with the illuminance of a usage environment (see FIG. 14A). Thus, it is
possible to obtain a smartphone with reduced power consumption, for example. Alternatively,
for example, it is possible to obtain a smartphone that can display an image such that the
smartwatch can be suitably used in an environment under strong external light, e.g., outdoors in
fine weather.

[0411]
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<<Structure example 6 of data processing device>>

For example, the data processing device 5200B has a function of changing its display
method in accordance with the illuminance of a usage environment (see FIG. 14B).
Accordingly, for example, it is possible to obtain a television system that can display an image
such that the television system can be suitably used even when irradiated with strong external
light that enters the room from the outside in fine weather.
[0412]
<<Structure example 7 of data processing device>>

For example, the data processing device 5200B has a function of changing its display
method in accordance with the illuminance of a usage environment (see FIG. 14C). Thus, for
example, it is possible to obtain a tablet computer that can display an image such that the tablet
computer is favorably used even in an environment with intense external light, e.g., in the open
air under fine weather.
[0413]
<<Structure example 8 of data processing device>>

For example, the data processing device has a function of changing its display method
in accordance with the illuminance of a usage environment (see FIG. 14D). Accordingly, for
example, it is possible to obtain a digital camera that can display a subject such that an image is
favorably viewed even in an environment with intense external light, e.g., in the open air under
fine weather.
[0414]
<<Structure example 9 of data processing device>>

For example, the data processing device 5200B has a function of changing its display
method in accordance with the illuminance of a usage environment (see FIG. 14E).
Accordingly, for example, it is possible to obtain a personal computer that can display an image
such that the personal computer is favorably used even in an environment with intense external
light, e.g., in the open air under fine weather.
[0415]

Note that this embodiment can be combined with any of the other embodiments in this
specification as appropriate.
[04106]

For example, in this specification and the like, an explicit description "X and Y are
connected" means that X and Y are electrically connected, X and Y are functionally connected,

and X and Y are directly connected. Accordingly, without being limited to a predetermined
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connection relationship, for example, a connection relationship shown in drawings or texts,
another connection relationship is included in the drawings or the texts.
[0417]

Here, X and Y each denote an object (e.g., a device, an element, a circuit, a wiring, an
electrode, a terminal, a conductive film, or a layer).
[0418]

Examples of the case where X and Y are directly connected include the case where an
element that allows an electrical connection between X and Y (e.g., a switch, a transistor, a
capacitor, an inductor, a resistor, a diode, a display element, a light-emitting element, and a load)
is not connected between X and Y, and the case where X and Y are connected without the
element that allows the electrical connection between X and Y provided therebetween.

[0419]

For example, in the case where X and Y are electrically connected, one or more
elements that allow an electrical connection between X and Y (e.g., a switch, a transistor, a
capacitor, an inductor, a resistor, a diode, a display element, a light-emitting element, and a load)
can be connected between X and Y. Note that the switch is controlled to be turned on or off.
That is, the switch is conducting or not conducting (is turned on or off) to determine whether
current flows therethrough or not. Alternatively, the switch has a function of selecting and
changing a current path. Note that the case where X and Y are electrically connected includes
the case where X and Y are directly connected.

[0420]

For example, in the case where X and Y are functionally connected, one or more circuits
that enable a functional connection between X and Y (e.g., a logic circuit such as an inverter, a
NAND circuit, or a NOR circuit; a signal converter circuit such as a D/A converter circuit, an
A/D converter circuit, or a gamma correction circuit; a potential level converter circuit such as a
power supply circuit (e.g., a step-up circuit or a step-down circuit) or a level shifter circuit for
changing the potential level of a signal; a voltage source; a current source; a switching circuit; an
amplifier circuit such as a circuit that can increase signal amplitude, the amount of current, or the
like, an operational amplifier, a differential amplifier circuit, a source follower circuit, and a
buffer circuit; a signal generation circuit; a memory circuit; or a control circuit) can be connected
between X and Y. For example, even when another circuit is interposed between X and Y, X
and Y are functionally connected when a signal output from X is transmitted to Y. Note that
the case where X and Y are functionally connected includes the case where X and Y are directly
connected and the case where X and Y are electrically connected.

[0421]
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Note that in this specification and the like, an explicit description "X and Y are
electrically connected" means that X and Y are electrically connected (i.e., the case where X and
Y are connected with another element or another circuit provided therebetween), X and Y are
functionally connected (i.e., the case where X and Y are functionally connected with another
circuit provided therebetween), and X and Y are directly connected (i.e., the case where X and Y
are connected without another element or another circuit provided therebetween). That is, in
this specification and the like, the explicit description "X and Y are electrically connected" is the
same as the description "X and Y are connected".

[0422]

For example, any of the following expressions can be used for the case where a source
(or a first terminal or the like) of a transistor is electrically connected to X through (or not
through) Z1 and a drain (or a second terminal or the like) of the transistor is electrically
connected to Y through (or not through) Z2, or the case where a source (or a first terminal or the
like) of a transistor is directly connected to one part of Z1 and another part of Z1 is directly
connected to X while a drain (or a second terminal or the like) of the transistor is directly
connected to one part of Z2 and another part of Z2 is directly connected to Y.

[0423]

Examples of the expressions include, "X, Y, a source (or a first terminal or the like) of a
transistor, and a drain (or a second terminal or the like) of the transistor are electrically connected
to each other, and X, the source (or the first terminal or the like) of the transistor, the drain (or
the second terminal or the like) of the transistor, and Y are electrically connected to each other in
this order", "a source (or a first terminal or the like) of a transistor is electrically connected to X,
a drain (or a second terminal or the like) of the transistor is electrically connected to Y, and X,
the source (or the first terminal or the like) of the transistor, the drain (or the second terminal or
the like) of the transistor, and Y are electrically connected to each other in this order", and "X is
electrically connected to Y through a source (or a first terminal or the like) and a drain (or a
second terminal or the like) of a transistor, and X, the source (or the first terminal or the like) of
the transistor, the drain (or the second terminal or the like) of the transistor, and Y are provided
to be connected in this order”". When the connection order in a circuit configuration is defined
by an expression similar to the above examples, a source (or a first terminal or the like) and a
drain (or a second terminal or the like) of a transistor can be distinguished from each other to
specify the technical scope.

[0424]
Other examples of the expressions include, "a source (or a first terminal or the like) of a

transistor is electrically connected to X through at least a first connection path, the first
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connection path does not include a second connection path, the second connection path is a path
between the source (or the first terminal or the like) of the transistor and a drain (or a second
terminal or the like) of the transistor, Z1 is on the first connection path, the drain (or the second
terminal or the like) of the transistor is electrically connected to Y through at least a third
connection path, the third connection path does not include the second connection path, and Z2 is
on the third connection path" and "a source (or a first terminal or the like) of a transistor is
electrically connected to X through at least Z1 on a first connection path, the first connection
path does not include a second connection path, the second connection path includes a
connection path on which the transistor is present, a drain (or a second terminal or the like) of the
transistor is electrically connected to Y through at least Z2 on a third connection path, and the
third connection path does not include the second connection path". Still another example of
the expression is "a source (or a first terminal or the like) of a transistor is electrically connected
to X through at least Z1 on a first electrical path, the first electrical path does not include a
second electrical path, the second electrical path is an electrical path from the source (or the first
terminal or the like) of the transistor to a drain (or a second terminal or the like) of the transistor,
the drain (or the second terminal or the like) of the transistor is electrically connected to Y
through at least Z2 on a third electrical path, the third electrical path does not include a fourth
clectrical path, and the fourth electrical path is an electrical path from the drain (or the second
terminal or the like) of the transistor to the source (or the first terminal or the like) of the
transistor”. When the connection path in a circuit configuration is defined by an expression
similar to the above examples, a source (or a first terminal or the like) and a drain (or a second
terminal or the like) of a transistor can be distinguished from each other to specify the technical
scope.

[0425]

Note that these expressions are examples and there is no limitation on the expressions.
Here, X, Y, Z1, and Z2 each denote an object (e.g., a device, an element, a circuit, a wiring, an
electrode, a terminal, a conductive film, and a layer).

[0420]

Even when independent components are electrically connected to each other in a circuit
diagram, one component has functions of a plurality of components in some cases. For
example, when part of a wiring also functions as an electrode, one conductive film functions as
the wiring and the electrode. Thus, "electrical connection" in this specification includes in its

category such a case where one conductive film has functions of a plurality of components.

REFERENCE NUMERALS
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[0427]

GDA: driver circuit, GDB: driver circuit, GDC: driver circuit, SDA: driver circuit, SDB: driver
circuit, SDC: driver circuit, SP: control signal, CI: control data, DS: sensing data, GCLK: signal,
IT: input data, IN: data, RI: inference, B: bias signal, f(U): output signal, W: weight data, X: input
signal, U: product-sum signal, AF1: alignment film, AF2: alignment film, G1: scan line, G2: scan
line, GD1: driver circuit, KB1: structure body, P1: positional data, PWC1: signal, PWC2: signal,
S1: signal line, SD1: driver circuit, SW1: switch, T1: period, T2: period, T3: period, T4: period,
T5: period, T6: period, T11: period, V1: image data, V11: data, V11(j): signal, V11(j+1): signal,
10: product-sum operation unit, 30: converter, 71: neuron circuit, 72: neuron circuit, 80: neural
network, 81: input layer, 82: middle layer, 83: output layer, 90: semiconductor device, 200: data
processing device, 210: arithmetic device, 211: arithmetic portion, 212: memory portion, 213:
artificial intelligence portion, 214: transmission path, 215: input/output interface, 220:
input/output device, 230: display portion, 231: display region, 233: control circuit, 234:
decompression circuit, 235: image processing circuit, 238: control portion, 240: input portion,
241: sensing region, 248: control portion, 250: sensing portion, 290: communication portion,
501C: insulating film, 504: conductive film, 506: insulating film, 508: semiconductor film,
S08A: region, 508B: region, 508C: region, 510: substrate, 512A: conductive film, 512B:
conductive film, 520: functional layer, 521: insulating film, 521A: insulating film, 521B:
insulating film, 530: pixel circuit, 591A: opening portion, 700: display panel, 700TP:
input/output panel, 702: pixel, 703: pixel, 720: functional layer, 750: display element, 751:
electrode, 752: electrode, 753: layer including liquid crystal material, 770: substrate, 770D:
functional film, 770P: functional film, 771: insulating film, 775: sensing element, 5200B: data
processing device, 5210: arithmetic device, 5220: input/output device, 5230: display portion,

5240: input portion, 5250: sensing portion, 5290: communication portion
This application is based on Japanese Patent Application Serial No. 2017-133408 filed

with Japan Patent Office on July 7, 2017, the entire contents of which are hereby incorporated by

reference.
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CLAIMS

1. A method for driving a display device,
the display device comprising:
a first driver circuit electrically connected to a first scan line and a second scan
line adjacent to the first scan line; and
a second driver circuit electrically connected to a first signal line and a second
signal line adjacent to the first signal line,
the method comprising:
in a first period, selecting the first scan line, supplying first data with use of a
voltage greater than or equal to a predetermined voltage to the first signal line, and supplying
fifth data with use of a voltage less than or equal to the predetermined voltage to the second
signal line;
in a second period after the first period, supplying the predetermined voltage to
the first signal line and the second signal line; and
in a third period after the second period, selecting the second scan line,
supplying second data with use of the voltage less than or equal to the predetermined voltage to
the first signal line, and supplying sixth data with use of the voltage greater than or equal to the
predetermined voltage to the second signal line,
wherein a length of the second period is less than or equal to twice a length of a period

in which the first data is supplied.

2. A method for driving a display device,
the display device comprising:
a first driver circuit electrically connected to a first scan line and a second scan
line adjacent to the first scan line; and
a second driver circuit electrically connected to a first signal line,
the method comprising:
in a first period, selecting the first scan line and supplying first data with use of
a voltage greater than or equal to a predetermined voltage to the first signal line;
in a second period after the first period, supplying the predetermined voltage to
the first signal line; and
in a third period after the second period, selecting the second scan line and
supplying second data with use of a voltage less than or equal to the predetermined voltage to the

first signal line,
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wherein a length of the second period is less than or equal to twice a length of a period

in which the first data is supplied.

3. A method for driving a display device,
the display device comprising:
a first driver circuit electrically connected to a first scan line and a second scan
line adjacent to the first scan line; and
a second driver circuit electrically connected to a first signal line,
the method comprising:
in a first period, selecting the first scan line and supplying first data with use of
a voltage greater than or equal to a predetermined voltage to the first signal line;
in a second period after the first period, supplying the predetermined voltage to
the first signal line; and
in a third period after the second period, selecting the second scan line and
supplying second data with use of a voltage less than or equal to the predetermined voltage to the

first signal line.

4. The method for driving a display device according to any one of claims 1 to 3,
wherein the method further comprises:
in a fourth period after the third period, selecting the first scan line and
supplying third data with use of the voltage less than or equal to the predetermined voltage to the
first signal line;
in a fifth period after the fourth period, supplying the predetermined voltage to
the first signal line; and
in a sixth period after the fifth period, selecting the second scan line and
supplying fourth data with use of the voltage greater than or equal to the predetermined voltage

to the first signal line.

5. The method for driving a display device according to claim 1 or 2, wherein the length
of the second period is greater than or equal to 0.5 times and less than or equal to 0.8 times the

length of the period in which the first data is supplied.

6. The method for driving a display device according to any one of claims 1 to 3,
wherein the first scan line is selected at a frequency less than or equal to 1 Hz or greater

than or equal to 30 Hz, and
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wherein the second scan line is selected at the same frequency as the first scan line.

7. The method for driving a display device according to any one of claims 1 to 3,
wherein the display device further comprises a control circuit configured to supply a control

S signal to the second driver circuit.

8. The method for driving a display device according to any one of claims 1 to 3,
wherein the display device further comprises a plurality of pixels, and

wherein each of the plurality of pixels comprises a liquid crystal element.

10
9. The method for driving a display device according to any one of claims 1 to 3,
wherein the display device further comprises a plurality of pixels, and
wherein each of the plurality of pixels comprises a transistor comprising amorphous
silicon.
15
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