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DESCRIPTION

TOUCH SENSOR, DISPLAY DEVICE, DISPLAY MODULE, AND ELECTRONIC
DEVICE
TECHNICAL FIELD
[0001]

One embodiment of the present invention relates to a touch sensor, a display device, a
display module, and an electronic 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. The present invention
relates to a process, a machine, manufacture, or a composition of matter. In particular, one
embodiment of the present invention relates to a semiconductor device, a display device, a
light-emitting device, a power storage device, a memory device, a touch panel, a driving method
thereof, and a manufacturing method thereof.

[0003]

In this specification and the like, a semiconductor device refers to an element, a circuit,
a device, or the like that can function by utilizing semiconductor characteristics. An example of
the semiconductor device is a semiconductor element such as a transistor or a diode. Another
example of the semiconductor device is a circuit including a semiconductor element. Another
example of the semiconductor device is a device provided with a circuit including a

semiconductor element.

BACKGROUND ART
[0004]

Mobile devices such as smartphones, tablets, and electronic books have become
increasingly popular. A reduced size, a reduced thickness, a reduced weight, flexibility, or
operability is demanded of electronic devices. The electronic devices need to display images
suitable for the brightness of a use environment (i.e., an outdoor environment or an indoor
environment). In addition, increased operability in touch input is demanded of smartphones,
tablets, e-book readers, and the like.

[0005]
For example, a display device proposed in Patent Document 1 displays an image by

utilizing reflected light in sufficiently bright external light, such as natural light or light from an
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indoor lighting device, and displays an image by utilizing a light-transmitting element in an
environment without enough brightness, thereby achieving low power consumption.

[0006]
For example, in Patent Document 2, display in a certain region is selectively refreshed
with the use of a decoder circuit to reduce power consumption of mobile devices.
[0007]
For example, Patent Document 3 discloses hybrid display devices in each of which a
pixel circuit for controlling a liquid crystal element and a pixel circuit for controlling a
light-emitting element are provided in one pixel.
[Reference]
[0008]
[Patent Document 1] Japanese Published Patent Application No. 2011-154357
[Patent Document 2] Japanese Published Patent Application No. 2011-085918
[Patent Document 3] PCT International Publication No. W0O2007/041150

DISCLOSURE OF INVENTION
[0009]

One way to increase the operability of an electronic device at the time of touch input is
to increase the touch sensing frequency. However, when the touch sensing frequency is
increased, a driving signal of a display device or the like causes noise and the touch sensing
accuracy is reduced.

[0010]

A reduced size, a reduced thickness, a reduced weight, flexibility, or operability is
demanded of electronic devices. For higher operability, display devices including touch sensors
are demanded. For a reduced size, a reduced thickness, and a reduced weight, a reduction in the
number of components is demanded. For flexibility, a reduction in the thickness of the display
device is demand.

[0011]

Smartphones, tablets, e-book readers, personal computers, and the like are more and
more often used in a place with bright external light. Among such mobile devices, smartphones,
tablets, and the like which are often used in a place with bright external light display an image
with a high luminance to improve the viewability. These mobile devices thus easily consume
power. Accordingly, a large-capacity battery is necessary for long-term use. However, a
higher-capacity battery leads to a heavier mobile device.

[0012]
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When used for a long time, smartphones, tablets, e-book readers, and the like need to
save power. To control power consumption, typically, power gating, clock gating, or the like is
employed. In the case of a display device, the number of times of display refreshing is reduced
in a suggested method. However, when the refreshing interval of display is long, leakage of
electric charges occurs in a switch transistor retaining data. The retained data is deteriorated by
the leakage of electric charges, which causes flickers to reduce the viewability.

[0013]

In view of the above problems, an object of one embodiment of the present invention is
to provide a display device with improved operability in touch input. Another object of one
embodiment of the present invention is to provide a display device with a novel structure
including a touch sensor. Another object of one embodiment of the present invention is to
provide an electronic device with reduced power consumption.

[0014]

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.

[0015]

Note that the objects of one embodiment of the present invention are not limited to the
above objects. The objects described above do not disturb the existence of other objects. The
other objects are the ones that are not described above and will be described below. The other
objects will be apparent from and can be derived from the description of the specification, the
drawings, and the like by those skilled in the art. One embodiment of the present invention is
to solve at least one of the aforementioned objects and the other objects.

[0016]

One embodiment of the present invention is a display device that includes a gate driver,
a plurality of touch sensors, and a plurality of wirings. The plurality of wirings are respectively
connected to the plurality of touch sensors. The gate driver has a function of supplying a scan
signal to the plurality of wirings at the same timing. The plurality of touch sensors in different
positions have a function of sensing a plurality of touches at the same timing.

[0017]

One embodiment of the present invention is a display device that includes a display
region and a gate driver. The display region includes a plurality of pixels, a plurality of touch
sensors, a plurality of scan lines, and a plurality of touch wirings. The gate driver has a

function of supplying a first scan signal to the plurality of scan lines. The gate driver has a
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function of supplying a second scan signal for sensing a touch to the plurality of touch wirings.
[0018]

In the above display devices, it is preferable that the pixel include a first display element
and the first display element be a transmissive liquid crystal element.
[0019]

In the above display devices, it is preferable that the pixel include a first display element
and the first display element be a reflective liquid crystal element.
[0020]

In the above display device, the pixel preferably includes the first display element and a
second display element. The first display element preferably has a function of reflecting visible
light. The second display element preferably has a function of emitting visible light.

[0021]

In the above display device, the second display element is preferably a light-emitting
element.
[0022]

The above display devices preferably include a transistor and the transistor preferably
includes polysilicon in a semiconductor layer.
[0023]

The above display devices preferably include a transistor and the transistor preferably
includes a metal oxide in a semiconductor layer.
[0024]

In the above display devices, an image is preferably displayed with one or both of first
light reflected by the first display element and second light emitted by the second display
element.

[0025]

According to one embodiment of the present invention, a display device with improved
operability in touch input can be provided. According to another embodiment of the present
invention, a display device with a novel structure including a touch sensor can be provided.
According to another embodiment of the present invention, an electronic device with reduced
power consumption can be provided.

[0026]

Note that the effects of one embodiment of the present invention are not limited to the
above effects. The effects described above do not disturb the existence of other effects. The
other effects are the ones that are not described above and will be described below. The other

effects will be apparent from and can be derived from the description of the specification, the
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drawings, and the like by those skilled in the art. One embodiment of the present invention is
to have at least one of the aforementioned effects and the other effects. Accordingly, one

embodiment of the present invention does not have the aforementioned effects in some cases.

BRIEF DESCRIPTION OF DRAWINGS
[0027]

FIG. 1A illustrates driving timing of a touch sensor and FIG. 1B is a block diagram
illustrating a display device.

FIG. 2 is a block diagram illustrating a gate driver.

FIG. 3 is a circuit diagram illustrating touch sensors and pixels in a display device.

FIG. 4 is a circuit diagram illustrating touch sensors and pixels in a display device.

FIGS. 5A to 5C are schematic cross-sectional views each illustrating a mode employed
in a display device.

FIGS. 6A and 6B are schematic cross-sectional views each illustrating a mode employed
in a display device.

FIGS. 7A and 7B are top views each illustrating a structure of a touch sensor in a
display device.

FIGS. 8A and 8B are a top view and a schematic cross-sectional view of a display
device.

FIG. 9 is a schematic cross-sectional view of a display device.

FIGS. 10A to 10D are schematic views illustrating a structure of a pixel in a display
device.

FIGS. 11A and 11B are cross-sectional views illustrating a structure of a pixel in a
display device.

FIGS. 12A and 12B are cross-sectional views illustrating a structure of a pixel in a
display device.

FIGS. 13A and 13B are cross-sectional views illustrating a structure of a pixel in a
display device.

FIGS. 14A and 14B are cross-sectional views illustrating a structure of a pixel in a
display device.

FIGS. 15A to 15C are top views and a cross-sectional view illustrating a structure of a
display device.

FIGS. 16A to 16C are cross-sectional views illustrating a structure of a display device.

FIG. 17 is a cross-sectional view illustrating a structure of a display device.

FIGS. 18A and 18B are bottom views each illustrating a structure of a pixel in a display
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device.

FIG. 19 s a circuit diagram illustrating a pixel circuit in a display device.

FIGS. 20A to 20D are cross-sectional views each illustrating a structure of a reflective
film in a display device.

FIGS. 21A to 21C are top views each illustrating a structure of a reflective film in a
display device.

FIGS. 22A and 22B are top views illustrating pixels and subpixels in a display device.

FIGS. 23A-1, 23A-2, 23B-1, 23B-2, 23C-1, 23C-2, 23D-1, 23D-2, 23E-1, 23E-2, 23F-1,
and 23F-2 are cross-sectional views and perspective views illustrating shapes of an optical
element in a display device.

FIGS. 24A to 24C each illustrate operation of a display device.

FIGS. 25A to 25E each illustrate a structural example of an electronic device.

FIGS. 26A to 26E each illustrate a structural example of an electronic device.

FIG. 27 shows measured XRD spectra of samples.

FIGS. 28A and 28B are TEM images of samples and FIGS. 28C to 28L are electron
diffraction patterns thereof.

FIGS. 29A to 29C show EDX mapping images of a sample.

BEST MODE FOR CARRYING OUT THE INVENTION
[0028]

Hereinafter, embodiments will be described with reference to drawings. Note that the
embodiments can be implemented in many different modes, and it will be readily appreciated by
those skilled in the art that modes and details thereof can be changed in various ways without
departing from the spirit and scope of the present invention. Thus, the present invention should
not be interpreted as being limited to the following description of the embodiments.

[0029]

In the drawings, the size, the layer thickness, or the region is exaggerated for clarity in
some cases. Therefore, embodiments of the present invention are not limited to such a scale.
Note that the drawings are schematic views showing ideal examples, and embodiments of the
present invention are not limited to shapes or values shown in the drawings.

[0030]

Note that in this specification, ordinal numbers such as "first", "second", and "third" are
used in order to avoid confusion among components, and the terms do not limit the components
numerically.

[0031]
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Note that in this specification, terms for describing arrangement, such as "over" "above",
"under", and "below", are used for convenience in describing a positional relation between
components with reference to drawings. Further, the positional relation between components is
changed as appropriate in accordance with a direction in which the components are described.
Thus, the positional relation is not limited to that described with a term used in this specification
and can be explained with another term as appropriate depending on the situation.

[0032]

In this specification and the like, a transistor is an element having at least three
terminals of a gate, a drain, and a source. In addition, the transistor has a channel region
between a drain (a drain terminal, a drain region, or a drain electrode) and a source (a source
terminal, a source region, or a source electrode), and current can flow through the channel region
between the source region and the drain region. Note that in this specification and the like, a
channel region refers to a region through which current mainly flows.

[0033]

Further, functions of a source and a drain might be switched when transistors having
different polarities are employed or a direction of current flow is changed in circuit operation, for
example. Therefore, the terms "source" and "drain" can be switched in this specification and
the like.

[0034]

Note that in this specification and the like, the expression "electrically connected"
includes the case where components are connected through an "object having any electric
function". There is no particular limitation on an "object having any electric function" as long
as electrical signals can be transmitted and received between components that are connected
through the object. Examples of an "object having any electric function" are a switching
element such as a transistor, a resistor, an inductor, a capacitor, and elements with a variety of
functions as well as an electrode and a wiring.

[0035]

In this specification and the like, the term "parallel" means that the angle formed
between two straight lines is greater than or equal to —10° and less than or equal to 10°, and
accordingly also covers the case where the angle is greater than or equal to —5° and less than or
equal to 5°.  The term "perpendicular" means that the angle formed between two straight lines
is greater than or equal to 80° and less than or equal to 100°, and accordingly also covers the
case where the angle is greater than or equal to 85° and less than or equal to 95°.

[0036]

In this specification and the like, the terms "film" and "layer" can be interchanged with
7
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each other. For example, the term "conductive layer" can be changed into the term "conductive
film" in some cases. Also, the term "insulating film" can be changed into the term "insulating
layer" in some cases.

[0037]

Unless otherwise specified, the off-state current in this specification and the like refers
to a drain current of a transistor in the off state (also referred to as non-conduction state and
cutoff state). Unless otherwise specified, the off state of an n-channel transistor means that a
voltage (V) between its gate and source is lower than the threshold voltage (Vn), and the off
state of a p-channel transistor means that the gate-source voltage Vs is higher than the threshold
voltage V. For example, the off-state current of an n-channel transistor sometimes refers to a
drain current that flows when the gate-source voltage Vs is lower than the threshold voltage Vi,
[0038]

The off-state current of a transistor depends on Vs in some cases. Thus, "the off-state
current of a transistor is lower than or equal to /" may mean "there is J's with which the off-state
current of the transistor becomes lower than or equal to /". Furthermore, "the off-state current
of a transistor" means "the off-state current in an off state at predetermined V", "the off-state
current in an off state at J in a predetermined range", "the off-state current in an off state at Vg
with which sufficiently reduced off-state current is obtained", or the like.

[0039]

As an example, the assumption is made of an n-channel transistor where the threshold
voltage Vi, 1s 0.5 V and the drain current is 1 x 10~ A at Ves of 0.5V, 1 x 1075 A at Ves 0of 0.1V,
1x 1077 Aat Vg of —0.5 V, and 1 x 107 A at Vs of 0.8 V. The drain current of the transistor
is 1 x 107" A or lower at Ves of —=0.5 V or at Ve in the range of —0.8 V to —0.5 V; therefore, it can
be said that the off-state current of the transistor is 1 x 107" A or lower. Since there is Vi at
which the drain current of the transistor is 1 x 107> A or lower, it may be said that the off-state
current of the transistor is 1 x 107* A or lower.

[0040]

In this specification and the like, the off-state current of a transistor with a channel
width W is sometimes represented by a current value in relation to the channel width W or by a
current value per given channel width (e.g., 1 um). In the latter case, the off-state current may
be expressed in the unit with the dimension of current per length (e.g., A/um).

[0041]
The off-state current of a transistor depends on temperature in some cases. Unless

otherwise specified, the off-state current in this specification may be an off-state current at room
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temperature, 60 °C, 85 °C, 95 °C, or 125 °C. Alternatively, the off-state current may be an
off-state current at a temperature at which the reliability required in a semiconductor device or
the like including the transistor is ensured or a temperature at which the semiconductor device or
the like including the transistor is used (e.g., temperature in the range of 5 °C to 35 °C). The
description "an off-state current of a transistor is lower than or equal to /" may refer to a situation
where there is Vg at which the off-state current of a transistor is lower than or equal to / at room
temperature, 60 °C, 85 °C, 95 °C, 125 °C, a temperature at which the reliability required in a
semiconductor device or the like including the transistor is ensured, or a temperature at which
the semiconductor device or the like including the transistor is used (e.g., temperature in the
range of 5 °C to 35 °C).

[0042]

The off-state current of a transistor depends on voltage V4 between its drain and source
in some cases. Unless otherwise specified, the off-state current in this specification may be an
off-state current at Vg of 0.1 V0.8V, 1V, 12V, 1.8V,25V,3V,33V, 10V, 12V, 16 V, or 20
V. Alternatively, the off-state current might be an off-state current at Vys at which the required
reliability of a semiconductor device or the like including the transistor is ensured or J4 at which
the semiconductor device or the like including the transistor is used. The description "an
off-state current of a transistor is lower than or equal to /" may refer to a situation where there is
V45 at which the off-state current of a transistor is lower than or equal to / at V4s of 0.1 V,0.8 V, 1
V,12V,18V,25V,3V,33V,10V,12V, 16V, or 20 V, V4 at which the required reliability of
a semiconductor device or the like including the transistor is ensured, or Vg at which the
semiconductor device or the like including the transistor is used.

[0043]

In the above description of off-state current, a drain may be replaced with a source.
That is, the off-state current sometimes refers to a current that flows through a source of a
transistor in the off state.

[0044]

In this specification and the like, the term "leakage current" sometimes expresses the
same meaning as off-state current. In this specification and the like, the off-state current
sometimes refers to a current that flows between a source and a drain when a transistor is off, for
example.

[0045]

Note that a voltage refers to a difference between potentials of two points, and a

potential refers to electrostatic energy (electric potential energy) of a unit charge at a given point

in an electrostatic field. Note that in general, a difference between a potential of one point and
9
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a reference potential (e.g., a ground potential) is merely called a potential or a voltage, and
"potential" and "voltage" are used as synonymous words in many cases. Therefore, in this
specification, "potential" can be replaced with "voltage" and vice versa, unless otherwise
specified.

[0046]

(Embodiment 1)

In this embodiment, an in-cell touch sensor whose operability in touch sensing is
improved is described with reference to FIGS. 1A and 1B, FIG. 2, FIG. 3, FIG. 4, FIGS. 5A to
5C, FIGS. 6A and 6B, FIGS. 7A and 7B, FIGS. 8A and 8B, and FIG. 9.

[0047]

FIG. 1A illustrates driving timing of a display device 10 including a touch sensor. FIG.
1B is a block diagram of the display device 10. As an example, FIG. 1A illustrates displaying
60 frames in one second. One frame is a period in which all the data of pixels included in the
display device are refreshed. One frame period is approximately 16.6 ms.

[0048]

In FIG. 1A, one frame period includes a period TO-T1 in which display is refreshed and
a period T1-T3 in which a touch by a sensing target is sensed with a touch sensor. The period
TO-T1 in which display is refreshed and the period T1-T3 in which touch sensing is performed
may have the same length or alternatively, the period T1-T3 in which touch sensing is performed
may be longer than the period TO-T1 in which display is refreshed. Further alternatively, the
period TO-T1 in which display is refreshed may be longer than the period T1-T3 in which touch
sensing is performed. FIG. 1A illustrates an example in which the period TO-T1 in which
display is refreshed and the period T1-T3 in which touch sensing is performed are controlled to
have the same length.

[0049]

FIG. 1A illustrates an example in which in one frame period TO-T3, display is refreshed
in the period TO-T1 and touch sensing is performed in the rest period T1-T3. The period in
which touch sensing is performed further includes two periods T1-T2 and T2-T3 in each of
which touch sensing is performed. When the number of times of touch sensing is set to two or
more, touch sensing accuracy can be increased. Note that touch sensing may be performed in
only one period.

[0050]

The touch sensing accuracy increases when one frame period includes a larger number

of periods in which touch sensing is performed. In the example illustrated in FIG. 1A, a

non-sensing period with a duration of approximately 8 ms and two sensing periods each with a
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duration of 4 ms are provided. When the number of periods in which touch sensing is
performed is two or more, touch sensing accuracy can be increased.
[0051]

The control signal supplied in refreshing display causes noise and sensing errors by the
touch sensor occur; thus, in the period in which display is refreshed, touch sensing is preferably
suspended. In addition, display is not refreshed in the period in which touch sensing is
performed. It is thus preferable that a circuit for refreshing display not operate in the period in
which touch sensing is performed. In addition, a selection transistor for retaining the data to be
displayed preferably has a low leakage current in an off state. The pixels will be described in
detail with reference to FIG. 3. The transistor with a low leakage current will be described in
detail in Embodiment 4.

[0052]

A touch sensor based on any of a variety of operation principles may be used, such as a
projected capacitive touch sensor, a surface capacitive touch sensor, a resistive touch sensor, or
an optical touch sensor. In any type of sensors, data is input when a sensing target touches or
approaches the touch sensor. In an example in this embodiment, a projected capacitive touch
sensor is used.

[0053]

The display device 10 in FIG. 1B includes a gate driver 61 that drives the touch sensor
and controls signal lines in the row direction, the receiver circuit 62 that senses a touch, and a
plurality of touch sensors 63. The gate driver 61 is electrically connected to the touch sensors
63 and pixels 64. In the example illustrated in FIG. 1B, the pixels 64 are provided to overlap
with the touch sensor 63(1,6).

[0054]

The touch sensor 63 includes pixels, a touch wiring COM-Tx supplied with a scan
signal for the touch sensor, and a touch wiring COM-Rx transmitting sensing of a touch as an
electrical signal. To the pixels, which will be described in detail with reference to FIG. 3, a
scan line for refreshing display, a signal line, and a wiring CSCOM are electrically connected.
The details of the touch sensor 63 will be described with reference to FIG. 3. Although the
touch sensors 63 are arranged in a 6 x 6 matrix in the example illustrated in FIG. 1B, the number
of the touch sensors 63 can be set as appropriate.

[0055]

Details of the driving timing illustrated in FIG. 1A will be described with reference to

the block diagram in FIG. 1B. With the driving timing in the example illustrated in FIG. 1A,

the touch sensor 63(1,1) and the touch sensor 63(1,4) concurrently perform touch sensing.
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[0056]

When the touch sensor 63(1,1) and the touch sensor 63(1,4) that are distanced perform
sensing, the distance between the two touch sensors 63 prevents the interference of scan signals
supplied at the same timing. Therefore, the two touch sensors 63 can perform touch sensing at
the same timing.

[0057]

The touch sensors provided in a display region can be scanned in one-half the time. In
other words, the touch sensors can be scanned at a frequency twice the frequency in row-by-row
scanning. Scan signals are supplied to the touch wirings COM-Tx in two rows at the same time
in the example illustrated in FIGS. 1A and 1B; however, when a touch sensing region is wide,
scan signals may be supplied to the touch wirings in three or more rows at the same time.

[0058]

FIG. 2 illustrates the gate driver 61. The gate driver 61 has a function of supplying a
scan signal for refreshing display to the scan line and a function of supplying a scan signal to be
supplied to the touch sensor to the touch wiring. In the drawing, » represents an integer of one
or more.

[0059]

The gate driver 61 includes a decoder 61a, a plurality of selection circuits 61b, and a
plurality of buffers 61g. The selection circuit 61b includes a shift register 61c, a switch 61d, a
switch 61e, and a switch 61f.

[0060]

A terminal 2 of the switch 61d is electrically connected to a scan line 65(1) through the
buffer 61g. A terminal 2 of the switch 61e is electrically connected to a scan line 65(2) through
the buffer 61g. A terminal 2 of the switch 61f is electrically connected to the touch wiring
COM-Tx through the buffer 61g.

[0061]

To the decoder 61a, a wiring ADD and a wiring CTRL are electrically connected.
Output signals DE are generated from a signal Address that is supplied to the wiring ADD. Itis
preferable that a plurality of signals Address be supplied to a plurality of wirings ADD.
Furthermore, a signal Sel that is supplied to the wiring CTRL allows switching between a scan
signal for refreshing display and a scan signal for sensing a touch that are to be output. For
example, "L" is supplied as the signal Sel to refresh display and "H" is supplied as the signal Sel
to control the touch sensor, whereby the output signal DE can be used as different kinds of scan
signals.

[0062]
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The selection circuit 61b can supply a plurality of scan signals GOUT to the scan lines
through the buffer 61g. The number of scan lines electrically connected to the selection circuit
61b can be set appropriately in accordance with the number of pixels connected to one touch
sensor 63.

[0063]

The shift register 61c has a function of sequentially outputting signals SR(1) to SR(6)
when "L" is supplied as the signal Sel.
[0064]

When "L" is supplied as the signal Sel, a terminal 1 and the terminal 2 of the switch 61d
are electrically connected to each other and the signal SR(1) is output to a wiring ND1. The
signal supplied to the wiring ND1 is supplied to the scan line 65(1) as the scan signal GOUT(1)
through the buffer 61g.

[0065]

When "L" is supplied as the signal Sel, a terminal 1 and the terminal 2 of the switch 61e
are electrically connected to each other and the signal SR(2) is output to a wiring ND2. The
signal supplied to the wiring ND2 is supplied to the scan line 65(2) as the scan signal GOUT(2)
through the buffer 61g.

[0066]

When "L" is supplied as the signal Sel, a terminal 3 and the terminal 2 of the switch 61f
are electrically connected to each other and a common potential supplied to a wiring COM can
be supplied to the touch wiring COM-Tx through the buffer 61g.

[0067]

When "H" is supplied as the signal Sel, a terminal 3 and the terminal 2 of the switch 61d
are electrically connected to each other and an L1 potential, which is supplied to a wiring GVSS,
is output to the wiring ND1. The L1 potential supplied to the wiring ND1 is supplied to the
scan line 65(1) as the scan signal GOUT(1) through the buffer 61g. The L1 potential is the
lowest potential to be supplied to the scan line.

[0068]

When "H" is supplied as the signal Sel, a terminal 3 and the terminal 2 of the switch 61e
are electrically connected to each other and the L1 potential, which is supplied to the wiring
GVSS, is output to the wiring ND2. The L1 potential supplied to the wiring ND2 is supplied to
the scan line 65(2) as the scan signal GOUT(2) through the buffer 61g.

[0069]

When "H" is supplied as the signal Sel, a terminal 1 and the terminal 2 of the switch 61f

are electrically connected to each other and the signal DE(1) is output to a wiring ND3. The
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signal supplied to the wiring ND3 can be supplied to the touch wiring COM-Tx as a scan signal

through the buffer 61g.
[0070]

The period in which the signal Sel is "H" is the period in which touch sensing is
performed; the L1 potential is supplied to the scan lines and output of the decoder is supplied to
the touch wiring COM-Tx as a scan signal.

[0071]

The touch sensor 63 illustrated in FIG. 3 includes a plurality of pixels 64. In the
example illustrated in FIG. 3, one touch sensor 63 includes six pixels 64. When the gate driver
61 in FIG. 2 is used for control, the shift register 61¢ preferably has two stages.

[0072]

The pixel 64 includes a selection transistor 64a, a capacitor 64b, and a liquid crystal
display element 64c. The liquid crystal display element 64c includes a pixel electrode 68
(which is illustrated in FIGS. 7A and 7B) and a liquid crystal whose alignment changes with the
potential difference between the pixel electrode 68 and the wiring CSCOM.

[0073]

Here, the touch sensor 63(1,1) is described as an example. A gate of the selection
transistor 64a is electrically connected to the scan line 65(1). One of a source and a drain of the
selection transistor 64a is electrically connected to a signal line 66. The pixel electrode 68 and
one electrode of the capacitor 64b are electrically connected to the other of the source and the
drain of the selection transistor 64a. The other electrode of the capacitor 64b is electrically
connected to the wiring CSCOM.

[0074]

The touch wiring COM-Rx(1) is provided in the touch sensor 63(1,1). The touch
wiring COM-Rx(1) serves as one electrode of a sensor element of the touch sensor, and the touch
wiring COM-Tx(1) serves as the other electrode of the sensor element of the touch sensor.
Thus, in the touch sensor 63(1,1), a capacitor 67 the pair of electrodes of which are the touch
wiring COM-Tx(1) and the touch wiring COM-Rx(1) is formed as the sensor element.

[0075]

When the touch wiring COM-Tx and the touch wiring COM-Rx operate as part of the
touch sensor 63, a scan signal is supplied to the touch wiring COM-Tx as illustrated in FIG. 2.
Thus, whether or not touch operation is performed can be sensed in accordance with the amount
of change in the electrical signal transmitted by the touch wiring COM-Rx. Accordingly, the
touch sensors 63 can independently sense whether or not touch operation is performed.

[0076]
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With the configuration illustrated in FIG. 3, the touch sensor 63(1,1) and the touch

sensor 63(1,4) can concurrently perform touch sensing as illustrated in FIG. 1B. Since one
electrode of each sensor element is independent, the touch sensors do not affect each other. The
touch sensor 63(1,1), the touch sensor 63(2,1), the touch sensor 63(3,4), and the touch sensor
63(4,4) can perform sensing concurrently, for example.

[0077]

In this manner, the touch sensors 63 in a specific region can selectively perform sensing
and thus the touch sensor function can be partly activated or deactivated in accordance with
display when, for example, only part of display is refreshed.

[0078]

A configuration different from that of the touch sensor 63 in FIG. 3 is described with
reference to FIG. 4.

[0079]

A difference is that the wiring CSCOM is electrically connected to a terminal 2 of a
switch 61h. A terminal 1 of the switch 61h is electrically connected to the wiring COM. A
terminal 3 of the switch 61h is electrically connected to the touch wiring COM-Rx.

[0080]

The switch 61h is electrically connected to the wiring CTRL and is supplied with the
signal Sel. In the period when the signal Sel is "L", the terminal 1 and the terminal 2 of the
switch 61h are electrically connected to each other, so that the common potential supplied to the
wiring COM is supplied to the wiring CSCOM. In the period when the signal Sel is "H", the
terminal 2 and the terminal 3 of the switch 61h are electrically connected to each other, so that a
sensing signal Sen of the wiring CSCOM is output to the touch wiring COM-Rx.

[0081]

Thus, a common potential is supplied to the wiring CSCOM as a reference potential of
the liquid crystal display element 64c when pixels perform display. When the wiring CSCOM
operates as part of the touch sensor, the wiring CSCOM serves as one electrode of the sensor
element of the touch sensor, and the touch wiring COM-Tx serves as the other electrode of the
sensor element of the touch sensor.

[0082]

As the sensor element of the touch sensor 63, the capacitor 67 the pair of electrodes of
which are the touch wiring COM-Tx and the wiring CSCOM is formed. In the period in which
the signal Sel is "L", a common potential is supplied to the touch wiring COM-Tx and the wiring
CSCOM through the wiring COM, so that the capacitance of the capacitor 67 is cancelled; thus,
display quality is not adversely affected.
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[0083]

In the period in which the signal Sel is "H", the wiring CSCOM functions as one
electrode of the sensor element of the touch sensor; thus, the off-state current of the selection
transistor 64a in the pixel 64 needs to be low.

[0084]

When the touch wiring COM-Tx and the wiring CSCOM operate as part of the touch
sensor, a scan signal is supplied to the touch wiring COM-Tx as illustrated in FIG. 2. The
liquid crystal display element 64c expresses gray levels of display with the use of a liquid crystal
whose alignment direction changes with the potential difference between the pixel electrode and
the wiring CSCOM. 1t is thus preferable that the gray-level voltage held in the capacitor 64b
not change. When the off-state current of the selection transistor 64a is low, leakage through
the selection transistor 64a can be minimized. Even if the voltage value of the wiring CSCOM
changes, a change in gray level can be minimized owing to the low off-state current of the
selection transistor.

[0085]

The gate driver 61 illustrated in FIG. 2 can control both display and touch sensing.
The display and touch sensing can be controlled at different timings. Thus, the signal/noise
ratio (SN ratio) of the touch sensor can be high, increasing the sensing accuracy.

[0086]

FIGS. 5A to 5C are schematic cross-sectional views each illustrating the touch sensor of
the display device 10. Note that in the schematic cross-sectional views in FIGS. 5A to 5C, only
the components necessary for describing the operation of the touch sensor are illustrated. For
example, an element such as a transistor is sometimes provided over a substrate 11 but is not
illustrated in the drawings.

[0087]

The touch sensor illustrated in FIG. 5A includes the substrate 11, a substrate 12, an FPC
13, a conductive layer 14, a liquid crystal element 20, a coloring film 31, and the like.

[0088]

The liquid crystal element 20 includes a conductive layer 21, a conductive layer 22, and
a liquid crystal 23. The conductive layer 22 is positioned over the conductive layer 21 with an
insulating layer 24 provided therebetween. The conductive layer 21 functions as a pixel
electrode of the liquid crystal element 20 and the conductive layer 22 functions as a common
electrode.

[0089]

The conductive layer 21 and the conductive layer 22 are provided so as to form an
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electric field intersecting the thickness direction of the liquid crystal 23 (the A1-A2 direction in

the drawing).
[0090]

The touch sensor can perform sensing by utilizing the capacitance formed between the
conductive layer 22a or 22b on the substrate 11 side that serves as one of a pair of electrodes of
the liquid crystal element 20 and the conductive layer 22¢ serving as the touch wiring COM-Tx.
[0091]

In the example illustrated in FIG. 5B, the conductive layers 21a and 21b serving as the
pixel electrodes of the liquid crystal elements 20 also serve as the pair of electrodes of the touch
Sensor.

[0092]

In the example illustrated in FIG. 5C, the conductive layers 22a and 22b serving as the
common electrodes of the liquid crystal elements 20 also serve as the pair of electrodes of the
touch sensor.

[0093]

In the structure illustrated in FIG. SA, one electrode of the liquid crystal element 20 can
also serve as one electrode of the touch sensor. With the structure illustrated in FIG. 5B or 5C,
one electrode of the liquid crystal element 20 can serve as the pair of electrodes of the touch
Sensor.

[0094]

The conductive layer 22a, the conductive layer 22b, and the conductive layer 22¢ can be
formed using one conductive layer, which simplifies the process. The conductive layer 21a and
the conductive layer 21b can also be formed using one conductive layer, which simplifies the
process.

[0095]

The schematic cross-sectional view in FIG. 6A illustrates a light extraction method
using FIG. 5A.
[0096]

FIG. 6A illustrates an example in which the conductive layer 21 and the conductive
layer 22 are formed using light-transmitting conductive layers. In that case, the display device
10 preferably includes a light source emitting visible light L1, under the substrate 11. The
visible light L1 incident through the substrate 11 can be emitted toward the substrate 12 after the
gray level of the light is controlled with the liquid crystal element sandwiched between the
substrate 11 and the substrate 12.

[0097]
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The structure illustrated in FIG. 6B is different from that illustrated in FIG. 6A in that

the conductive layer 21 is formed using a conductive layer that reflects visible light.
Accordingly, light L2 incident through the substrate 12 is reflected by the conductive layer 21 to
be emitted to the outside through the substrate 12.

[0098]

When utilizing external light, display can be performed without a light source unlike in
the display device illustrated in FIG. 6A. As a result, the number of components of the display
device can be reduced. Furthermore, there is no power consumed by a light source. In a
bright environment such as an environment under sunlight, the luminance of the reflected light
increases in proportion to the luminance of the external light, which increases the viewability.
[0099]

The conductive layer reflecting visible light preferably has high reflectance. High
reflectance leads to high luminance at the time of reflective display using external light.

[0100]

For example, a material containing one of indium (In), zinc (Zn), and tin (Sn) is
preferably used for the conductive material that transmits visible light. Specifically, indium
oxide, indium tin oxide, indium zinc oxide, indium oxide containing tungsten oxide, indium zinc
oxide containing tungsten oxide, indium oxide containing titanium oxide, indium tin oxide
containing titanium oxide, indium tin oxide containing silicon oxide, zinc oxide, and zinc oxide
containing gallium are given, for example. Note that a film including graphene can be used as
well. The film including graphene can be formed, for example, by reducing a film containing
graphene oxide.

[0101]

Examples of a conductive material that reflects visible light include aluminum, silver,
and an alloy including any of these metal elements. Furthermore, a metal material such as gold,
platinum, nickel, tungsten, chromium, molybdenum, iron, cobalt, copper, or palladium or an
alloy containing any of these metal materials can be used.  Furthermore, lanthanum,
neodymium, germanium, or the like may be added to the metal material or the alloy.
Furthermore, an alloy containing aluminum (an aluminum alloy) such as an alloy of aluminum
and titanium, an alloy of aluminum and nickel, an alloy of aluminum and neodymium, or an
alloy of aluminum, nickel, and lanthanum (Al-Ni-La), or an alloy containing silver such as an
alloy of silver and copper, an alloy of silver, palladium, and copper (also referred to as Ag-Pd-Cu
or APC), or an alloy of silver and magnesium may be used.

[0102]
FIG. 7A is a top view of the touch sensor 63 illustrated in FIG. 3. The touch sensor 63
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including six pixels 64 is described using the example illustrated in FIG. 3. The touch sensor
63 may include a plurality of pixels 64 and the number of the pixels 64 is not limited. The top
view in FIG. 7A illustrates an example in which an R element, a G element, and a B element (the
coloring film 31 in FIGS. 5A to 5C) are provided in a stripe shape.

[0103]

The structure illustrated in FIG. 7A includes a plurality of scan lines 65, a plurality of
signal lines 66, the wiring CSCOM, the touch wiring COM-Tx, the touch wiring COM-Rx, and a
plurality of pixels 64. Each of the pixels 64 includes the selection transistor 64a, the capacitor
64b, and the pixel electrode 68.

[0104]

As an example, the pixel 64 connected to a scan line 65a is described. The gate of the
selection transistor 64a in the pixel 64 is electrically connected to the scan line 65a. One of the
source and the drain of the selection transistor 64a is electrically connected to the signal line 66R.
Furthermore, one electrode of the capacitor 64b is formed using the same conductive layer as the
other of the source and the drain of the selection transistor 64a. The capacitor 64b is formed in
a region overlapping with the wiring CSCOM. The pixel electrode 68 is formed using the same
conductive layer as the other of the source and the drain of the selection transistor 64a.

[0105]

The other electrode of the capacitor 64b is electrically connected to a common electrode
64f through a contact 64d. The gray level of display is controlled by the liquid crystal whose
alignment direction changes with the potential difference between the pixel electrode 68 and the
common electrode 64f. Therefore, the liquid crystal 23 is provided over the common electrode
64f as illustrated in FIG. S5A.

[0106]

The touch wiring COM-Rx is electrically connected to a wiring 64h through a contact
64g. In the touch sensor 63, the capacitor 67 with a sensing function is formed with the wiring
64h and the touch wiring COM-Tx serving as a pair of electrodes. Thus, the touch wiring
COM-Tx and the touch wiring COM-Rx are preferably formed using the same conductive layer.
[0107]

Although the touch wiring COM-Rx(2) and the touch wiring COM-Rx(3) are illustrated
in FIG. 7A, they are electrically connected to a touch sensor provided in a position different from
that of the touch sensor 63 illustrated in FIG. 7A. The touch wiring COM-Rx may be provided
as appropriate and as needed depending on the number of the pixels 64 in the touch sensor 63.
Accordingly, when the touch sensor 63 includes many pixels 64, the touch wiring COM-Rx(2)
and the touch wiring COM-Rx(3) illustrated in FIG. 7A are not necessarily provided.
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[0108]

The sensitivity of the touch sensor 63 can be controlled by changing the size of the
capacitor 67 having the sensing function. Since the number of pixels in the touch sensor 63 and
the size of the capacitor 67 are proportional to each other, the number of the pixels 64 and the
number of the touch wirings COM-Tx can be selected as appropriate such that the size of the
capacitor 67 is optimized.

[0109]

FIG. 7B is a top view of the touch sensor 63 illustrated in FIG. 4. A structure different
from that in FIG. 7A is described.
[0110]

The structure illustrated in FIG. 7B includes the plurality of scan lines 65, the plurality
of signal lines 66, a plurality of wirings CSCOM, the touch wiring COM-Tx, and the plurality of
pixels 64. Each of the pixels 64 includes the selection transistor 64a, the capacitor 64b, and the
pixel electrode 68.

[0111]

A difference is that one electrode of the capacitor 64b is electrically connected to the
wiring CSCOM(1) through a contact 64e. The wiring CSCOM(1) serves as a common
electrode in each of the pixels 64 in the touch sensor 63.

[0112]

Although the wiring CSCOM(2) and the wiring CSCOM(3) are illustrated in FIG. 7B,
they are electrically connected to a touch sensor provided in a position different from that of the
touch sensor 63 illustrated in FIG. 7B. The wiring CSCOM may be provided as needed
depending on the number of the pixels 64 in the touch sensor 63. Accordingly, when the touch
sensor 63 includes many pixels 64, the wiring CSCOM(2) and the wiring CSCOM(3) illustrated
in FIG. 7B are not necessarily provided.

[0113]

The touch wiring COM-Tx is equidistant from the common electrodes 64f of the pixels.
The capacitor 67 having a sensing function is formed with the touch wiring COM-Tx and the
common electrode 64f serving as a pair of electrodes. Thus, the touch wiring COM-Tx and the
common electrode 64f are preferably formed using the same conductive layer.

[0114]
<Cross-sectional structure of display device>

A cross-sectional structure of a display device functioning as an in-cell touch panel is

described as an example. As typical examples of the in-cell touch panel, a hybrid in-cell type

and a full-in-cell type can be given. A cross-sectional structure of a full-in-cell touch panel
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using a liquid crystal element as a display element is described below. The full-in-cell touch
panel using a liquid crystal element as a display element functions as a liquid crystal display
device.
[0115]

In the case of a liquid crystal display device functioning as a full-in-cell touch panel, a
structure of a counter substrate can be simplified, which is preferable. The liquid crystal
display device is preferable because an electrode constituting a part of the display element also
serves as an electrode constituting a part of the sensor element and thus the manufacturing
process can be simplified and the manufacturing cost can be reduced.

[0116]

FIG. 8A is a top view of a liquid crystal display device 200 that can function as a touch
panel. FIG. 8B is a cross-sectional view taken along dashed-dotted lines A—B and C-D in FIG.
8A.

[0117]

As illustrated in FIG. 8A, the liquid crystal display device 200 includes a display
portion 201 and gate line driver circuits 202. The display portion 201 includes a plurality of
pixels 203, a plurality of source lines, and a plurality of gate lines, and has a function of
displaying an image. Moreover, the display portion 201 also serves as an input portion. That
is, the display portion includes a plurality of sensor elements that can sense touch or proximity of
a sensing target to the liquid crystal display device 200 and thus serves as a touch sensor. The
gate line driver circuit 202 has a function of outputting a scan signal to the gate lines included in
the display portion 201. The pixel 203 includes a plurality of subpixels. Although FIG. 8A
illustrates an example in which the pixel 203 includes three subpixels, one embodiment of the
present invention is not limited to this example.

[0118]

Although FIG. 8A illustrates an example in which the liquid crystal display device 200
includes the gate line driver circuits, one embodiment of the present invention is not limited to
this example. The liquid crystal display device 200 that does not include any of a gate line
driver circuit, a source line driver circuit, and a sensor driver circuit may be employed, or the
liquid crystal display device 200 that includes any one or more of a gate line driver circuit, a
source line driver circuit, and a sensor driver circuit may be employed.

[0119]

In the liquid crystal display device 200, an IC 368 is mounted on a substrate 311 by a

COG method or the like. The IC 368 includes, for example, any one or more of a source line

driver circuit, a gate line driver circuit, and a sensor driver circuit.
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[0120]

An FPC 369 is connected to the liquid crystal display device 200. The IC 368 and the
gate line driver circuits are supplied with a signal from the outside via the FPC 369.
Furthermore, a signal can be output from the IC 368 to the outside via the FPC 369.

[0121]

An IC may be mounted on the FPC 369. For example, an IC including any one or
more of a source line driver circuit, a gate line driver circuit, and a sensor driver circuit may be
mounted on the FPC 369. For example, the IC may be mounted on the FPC 369 by a COF
method or a tape automated bonding (TAB) method.

[0122]

For example, the IC 368 may include a source line driver circuit and a sensor driver
circuit. Alternatively, for example, the IC 368 may include a source line driver circuit and the
IC mounted on the FPC 369 may include a sensor driver circuit.

[0123]

As illustrated in FIG. 8B, the liquid crystal display device 200 includes a transistor 380a,
a transistor 370a, a connection portion 305a, a liquid crystal element 307a, and the like over the
substrate 311.

[0124]

FIG. 8B illustrates the cross section of one subpixel as an example of the display portion
201. For example, a subpixel exhibiting a red color, a subpixel exhibiting a green color, and a
subpixel exhibiting a blue color form one pixel, and thus full-color display can be achieved in the
display portion 201. Note that the color exhibited by subpixels is not limited to red, green, and
blue. For example, a subpixel exhibiting white, yellow, magenta, cyan, or the like may be used
for a pixel.

[0125]

The transistors 380a and 370a each include a conductive layer 373, an insulating layer
312, an insulating layer 315, an insulating layer 313, a polysilicon film 372, a conductive layer
374a, and a conductive layer 374b.

[0126]

The conductive layer 373 can function as a gate or a back gate. The conductive layer
374a can function as one of a source electrode and a drain electrode. The conductive layer
374b can function as the other of the source electrode and the drain electrode.

[0127]

The polysilicon film 372 includes an impurity region that is formed by adding an

impurity element. The polysilicon film 372 may include a lightly doped drain (LDD) region
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that is formed by adding an impurity element at a low concentration.
[0128]

As the polysilicon film 372, a semiconductor film having a crystal structure is used,
which is formed in such a manner that an amorphous silicon film is formed by a sputtering
method, an LPCVD method, a plasma CVD method, or the like, and then the amorphous silicon
film is crystallized by crystallization treatment (a laser crystallization method, a thermal
crystallization method, a thermal crystallization method using a catalyst such as nickel, or the
like).

[0129]

The transistors 380a and 370a each include the polysilicon film as a semiconductor layer.
A transistor including a polysilicon film can have a higher field-effect mobility and thus have
higher on-state current than a transistor including amorphous silicon. Consequently, a circuit
capable of high-speed operation can be obtained. Furthermore, the area occupied by a circuit
portion can be reduced.

[0130]

The transistors 380a and 370a are covered with an insulating layer 317 and an insulating
layer 319. Note that the insulating layers 317 and 319 can be regarded as the components of the
transistors 380a and 370a.

[0131]

The liquid crystal element 307a is a liquid crystal element having a fringe field
switching (FFS) mode. The liquid crystal element 307a includes a conductive layer 351, a
conductive film layer 352, and a liquid crystal 349. Alignment of the liquid crystal 349 can be
controlled with an electric field generated between the conductive layers 351 and 352. The
conductive layer 351 can serve as a pixel electrode. The conductive layer 352 can serve as a
common electrode.

[0132]

When a conductive material that transmits visible light is used for the conductive layers
351 and 352, the liquid crystal display device 200 can serve as a transmissive liquid crystal
display device. When a conductive material that reflects visible light is used for the conductive
layer 351 and a conductive material that transmits visible light is used for the conductive layer
352, the liquid crystal display device 200 can serve as a reflective liquid crystal display device.
[0133]

The conductive layer 351 serving as a pixel electrode is electrically connected to a
source or a drain of the transistor 370a. Here, the conductive layer 351 is electrically connected

to the conductive layer 374b.
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[0134]

The conductive layer 352 has a comb-like top surface shape or a top surface shape
provided with a slit (a top surface shape is also referred to as a planar surface shape). An
insulating layer 353 is provided between the conductive layers 351 and 352. The conductive
layer 351 partly overlaps with the conductive layer 352 with the insulating layer 353 interposed
therebetween. In a region where a coloring film 341 overlaps with the conductive layer 351,
there is a portion where the conductive layer 352 is not provided over the conductive layer 351.
[0135]

The connection portion 305a is electrically connected to an external input terminal
through which a signal (e.g., a video signal, a clock signal, a start signal, and a reset signal) or a
potential from the outside is transmitted to the gate line driver circuit 202. An example in
which the FPC 369 is provided as an external input terminal is shown here.

[0136]

The connection portion 305a includes a conductive layer 331 over the insulating layer
313, a conductive layer 333 over the conductive layer 331, and a conductive layer 335 over the
conductive layer 333. The conductive layer 331 is electrically connected to the conductive
layer 335 via the conductive layer 333. The conductive layer 335 is electrically connected to
the FPC 369 via a connector 367.

[0137]

The conductive layer 331 can be formed using the same material and the same step as
those of the conductive layer 374a and the conductive layer 374b included in the transistors 380a
and 370a. The conductive layer 333 can be formed using the same material and the same step
as those of the conductive layer 351 included in the liquid crystal element 307a. The
conductive layer 335 can be formed using the same material and the same step as those of the
conductive layer 352 included in the liquid crystal element 307a. It is preferable to form the
conductive layers included in the connection portion 305a using the same materials and the same
steps as an electrode or a wiring used for a display portion or a driver circuit portion in such a
manner because an increase in number of steps can be prevented.

[0138]

A substrate 361 is provided with the coloring film 341, a light-blocking film 343, and an
insulating layer 345. FIG. 8B illustrates an example in which the substrate 361 has a smaller
thickness than the substrate 311; however, one embodiment of the present invention is not
limited to this example. One of the substrates 361 and 311 may be thinner than the other, or the
substrates 361 and 311 may have the same thickness. It is preferable to make the substrate on

the display surface side (the side near a sensing target) thin because the sensitivity of a sensor
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element can be increased.
[0139]

The coloring film 341 partly overlaps with the liquid crystal element 307a. The
light-blocking film 343 partly overlaps with at least one of the transistors 380a and 370a.
[0140]

The insulating layer 345 preferably has a function of an overcoat preventing impurities
contained in the coloring film 341, the light-blocking film 343, and the like from diffusing into
the liquid crystal 349. The insulating layer 345 is not necessarily provided.

[0141]

Note that alignment films may be provided on sides of the substrates 311 and 361 which
are in contact with the liquid crystal 349. The alignment film can control the alignment of the
liquid crystal 349. For example, in FIG. 8B, an alignment film may be formed to cover the
conductive layer 352 or may be formed between the insulating layer 345 and the liquid crystal
349. The insulating layer 345 may serve as an alignment film and an overcoat.

[0142]

The liquid crystal display device 200 includes a spacer 347. The spacer 347 has a
function of preventing the distance between the substrate 311 and the substrate 361 from being
shorter than or equal to a certain distance.

[0143]

FIG. 8B illustrates an example in which the spacer 347 is provided over the insulating
layer 353 and the conductive layer 352; however, one embodiment of the present invention is not
limited thereto. The spacer 347 may be provided on the substrate 311 side or on the substrate
361 side. For example, the spacer 347 may be formed on the insulating layer 345. Moreover,
although FIG. 8B illustrates an example in which the spacer 347 is in contact with the insulating
layers 353 and 345, the spacer 347 is not necessarily in contact with a component provided on
the substrate 311 side or on the substrate 361 side.

[0144]

A particulate spacer may be used as the spacer 347. Although a material such as silica
can be used for the particulate spacer, an elastic material such as a resin or rubber is preferably
used. In that case, the particulate spacer may be vertically crushed.

[0145]

The substrates 311 and 361 are attached to each other with a bonding layer 365. A
region surrounded by the substrate 311, the substrate 361, and the bonding layer 365 is filled
with the liquid crystal 349.

[0146]
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Note that when the liquid crystal display device 200 serves as a transmissive liquid
crystal display device, two polarizing plates are provided so that a display portion is sandwiched
between the two polarizing plates. Light from a backlight provided outside the polarizing plate
enters through the polarizing plate. At this time, the alignment of the liquid crystal 349 is
controlled with a voltage applied between the conductive layers 351 and 352, whereby optical
modulation of light can be controlled. In other words, the intensity of light emitted through the
polarizing plate can be controlled. Light excluding light in a particular wavelength range is
absorbed by the coloring film 341, so that red, blue, or green light is emitted.

[0147]

In addition to the polarizing plate, a circularly polarizing plate can be used, for example.
As the circularly polarizing plate, for example, a stack including a linear polarizing plate and a
quarter-wave retardation plate can be used. With the circularly polarizing plate, the viewing
angle dependence of display of the liquid crystal display device can be reduced.

[0148]

Note that the liquid crystal element 307a is an element using an FFS mode here;
however, one embodiment of the present invention is not limited thereto, and a liquid crystal
element using any of a variety of modes can be used. For example, a liquid crystal element
using a vertical alignment (VA) mode, a twisted nematic (TN) mode, an in-plane switching (IPS)
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, a vertical alignment in-plane-switching (VA-IPS) mode, or the like can be
used.

[0149]

Furthermore, a normally black liquid crystal display device, for example, a transmissive
liquid crystal display device using a vertical alignment (VA) mode, may be used as the liquid
crystal display device 200. As a vertical alignment mode, a multi-domain vertical alignment
(MVA) mode, a patterned vertical alignment (PVA) mode, or an ASV mode can be employed, for
example.

[0150]

Note that the liquid crystal element is an element that controls transmission or
non-transmission of light by utilizing an optical modulation action of liquid crystal. Note that
optical modulation action of a liquid crystal is controlled by an electric field applied to the liquid
crystal (including a horizontal electric field, a vertical electric field, and an oblique electric field).
As the liquid crystal used for the liquid crystal element, thermotropic liquid crystal,

low-molecular liquid crystal, high-molecular liquid crystal, polymer dispersed liquid crystal
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(PDLC), ferroelectric liquid crystal, anti-ferroelectric liquid crystal, or the like can be used.

Such a liquid crystal material exhibits a blue phase, a cholesteric phase, a smectic phase, a cubic
phase, a chiral nematic phase, an isotropic phase, or the like depending on conditions.
[0151]

As the liquid crystal material, a positive liquid crystal or a negative liquid crystal may
be used, and an appropriate liquid crystal material can be used depending on the mode and
design to be used.

[0152]

A substrate with which a sensing target, such as a finger or a stylus, is to be in contact
may be provided above the substrate 361. In that case, a polarizing plate or a circularly
polarizing plate is preferably provided between the substrate 361 and the above substrate. In
that case, a protective layer (such as a ceramic coat) is preferably provided over the above
substrate. The protective layer can be formed using an inorganic insulating material such as
silicon oxide, aluminum oxide, yttrium oxide, or yttria-stabilized zirconia (YSZ). Alternatively,
tempered glass may be used for the substrate. Physical or chemical processing by an ion
exchange method, a wind tempering method, or the like is performed on the tempered glass, so
that compressive stress is applied on the surface.

[0153]

FIG. 9 is a cross-sectional view of two adjacent subpixels. Two subpixels illustrated in
FIG. 9 are included in respective pixels.

[0154]

In FIG. 9, proximity, touch, or the like of a sensing target can be sensed by utilizing
capacitance formed between the conductive layer 352 of a liquid crystal element 307b included
in a subpixel and a wiring 352a and capacitance formed between the conductive layer 352 of the
liquid crystal element 307a included in an adjacent subpixel and the wiring 352a. The wiring
352a is positioned between the two conductive layers 352. That is, in the liquid crystal display
device of one embodiment of the present invention, the conductive layer 352 serves as a
common electrode of the liquid crystal element and an electrode of the sensor element.

[0155]

As described above, an electrode included in the liquid crystal element also serves as an
electrode included in the sensor element in the liquid crystal display device of one embodiment
of the present invention; thus, the manufacturing process can be simplified and the
manufacturing cost can be reduced. In addition, the thickness and weight of the liquid crystal
display device can be reduced.

[0156]
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When the capacitance between the electrode of the sensor element and a signal line is
too large, the time constant of the electrode of the sensor element becomes too large in some
cases. Thus, an insulating layer having a planarizing function is preferably provided between
the electrode of the sensor element and the transistors to reduce the capacitance between the
electrode of the sensor element and the signal line. For example, in FIG. 9, as the insulating
layer having a planarizing function, the insulating layer 319 is provided. With the insulating
layer 319, the capacitance between the conductive layer 352 and the signal line can be small.
Accordingly, the time constant of the electrode of the sensor element can be small. As
described above, the smaller the time constant of the electrode of the sensor element is, the
higher the sensitivity and the sensing accuracy are.

[0157]

For example, the time constant of the electrode of the sensor element is greater than 0
seconds and smaller than or equal to 1 x 107" seconds, preferably greater than 0 seconds and
smaller than or equal to 5 x 107 seconds, more preferably greater than 0 seconds and smaller
than or equal to 5 x 107° seconds, more preferably greater than O seconds and smaller than or
equal to 5 x 107 seconds, more preferably greater than 0 seconds and smaller than or equal to 2
x 1077 seconds. In particular, when the time constant is smaller than or equal to 1 x 107°
seconds, high sensitivity can be achieved while the influence of noise is reduced.

[0158]

Next, the details of the materials and the like that can be used for components of the
liquid crystal display device of this embodiment are described.
[0159]
<<Substrate>>

There is no particular limitation on a material and the like of the substrates included in
the liquid crystal display device 200 as long as the material has heat resistance high enough to
withstand at least heat treatment performed later. For example, a glass substrate, a ceramic
substrate, a quartz substrate, a sapphire substrate, or the like may be used as the substrates.
Alternatively, a single crystal semiconductor substrate or a polycrystalline semiconductor
substrate made of silicon or silicon carbide, a compound semiconductor substrate made of silicon
germanium or the like, an SOI substrate, or the like may be used. Still alternatively, any of
these substrates provided with a semiconductor element may be used as the substrates 311 and
361. In the case where a glass substrate is used as the substrates 311 and 361, a glass substrate
having any of the following sizes can be used: the 6th generation (1500 mm x 1850 mm), the 7th
generation (1870 mm x 2200 mm), the 8th generation (2200 mm x 2400 mm), the 9th generation

(2400 mm x 2800 mm), and the 10th generation (2950 mm x 3400 mm). Thus, a large-sized
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display device can be manufactured. Alternatively, a flexible substrate may be used as the
substrates 311 and 361, and the transistor, the capacitor, and the like may be formed directly on
the flexible substrate.

[0160]

The weight and thickness of the liquid crystal display device can be reduced by using a
thin substrate. Furthermore, a flexible liquid crystal display device can be obtained by using a
substrate that is thin enough to have flexibility.

[0161]

Other than the above, a transistor can be formed using various substrates as the
substrates 311 and 361. The type of a substrate is not limited to a certain type. Examples of
the substrate include a plastic substrate, a metal substrate, a stainless steel substrate, a substrate
including stainless steel foil, a tungsten substrate, a substrate including tungsten foil, a flexible
substrate, an attachment film, paper including a fibrous material, and a base film. As an
example of a glass substrate, a barium borosilicate glass substrate, an aluminoborosilicate glass
substrate, a soda lime glass substrate, or the like can be given. Examples of a flexible substrate
include a flexible synthetic resin such as plastics typified by polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), and polyether sulfone (PES), and acrylic. Examples of an
attachment film are attachment films formed using polypropylene, polyester, polyvinyl fluoride,
polyvinyl chloride, and the like. Examples of the material for the base film include polyester,
polyamide, polyimide, inorganic vapor deposition film, and paper. Specifically, the use of
semiconductor substrates, single crystal substrates, SOI substrates, or the like enables the
manufacture of small-sized transistors with a small variation in characteristics, size, shape, or the
like and with high current capability. A circuit using such transistors achieves lower power
consumption of the circuit or higher integration of the circuit.

[0162]

Note that a transistor may be formed using one substrate, and then the transistor may be
transferred to another substrate. Examples of a substrate to which a transistor is transferred
include, in addition to the above substrate over which the transistor can be formed, a paper
substrate, a cellophane substrate, a stone substrate, a wood substrate, a cloth substrate (including
a natural fiber (e.g., silk, cotton, or hemp), a synthetic fiber (e.g., nylon, polyurethane, or
polyester), a regenerated fiber (e.g., acetate, cupra, rayon, or regenerated polyester), and the like),
a leather substrate, and a rubber substrate. When such a substrate is used, a transistor with
excellent properties or a transistor with low power consumption can be formed, a device with
high durability or high heat resistance can be provided, or reduction in weight or thickness can

be achieved.
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[0163]

<<Transistor using polysilicon film>>

The structure of the transistors in the liquid crystal display device of one embodiment of
the present invention is not particularly limited. For example, a planar transistor, a staggered
transistor, or an inverted staggered transistor may be used. A top-gate transistor or a
bottom-gate transistor may be used. Gate electrodes may be provided above and below a
channel.

[0164]

Transistors including polysilicon films can form various functional circuits, such as a
shift register circuit, a level shifter circuit, a buffer circuit, and a sampling circuit, because of
their high field-eftect mobility.

[0165]
<<Insulating layer>>

An organic insulating material or an inorganic insulating material can be used as an
insulating material that can be used for the insulating layer, the overcoat, the spacer, or the like
included in the liquid crystal display device. Examples of a resin include an acrylic resin, an
epoxy resin, a polyimide resin, a polyamide resin, a polyamide-imide resin, a siloxane resin, a
benzocyclobutene-based resin, and a phenol resin. Examples of an inorganic insulating layer
include a silicon oxide film, a silicon oxynitride film, a silicon nitride oxide film, a silicon nitride
film, an aluminum oxide film, a hafnium oxide film, an yttrium oxide film, a zirconium oxide
film, a gallium oxide film, a tantalum oxide film, a magnesium oxide film, a lanthanum oxide
film, a cerium oxide film, and a neodymium oxide film.

[0166]
<<Conductive layer>>

For the conductive layer such as the gate, the source, and the drain of a transistor and
the wiring, the electrode, and the like of the liquid crystal display device, a single-layer structure
or a stacked structure using any of metals such as aluminum, titanium, chromium, nickel, copper,
yttrium, zirconium, molybdenum, silver, tantalum, and tungsten, or an alloy containing any of
these metals as its main component can be used. For example, a two-layer structure in which a
titanium film is stacked over an aluminum film, a two-layer structure in which a titanium film is
stacked over a tungsten film, a two-layer structure in which a copper film is stacked over a
molybdenum film, a two-layer structure in which a copper film is stacked over an alloy film
containing molybdenum and tungsten, a two-layer structure in which a copper film is stacked
over a copper-magnesium-aluminum alloy film, a three-layer structure in which a titanium film

or a titanium nitride film, an aluminum film or a copper film, and a titanium film or a titanium

30



10

15

20

25

30

35

WO 2018/073690 PCT/IB2017/056240

nitride film are stacked in this order, a three-layer structure in which a molybdenum film or a
molybdenum nitride film, an aluminum film or a copper film, and a molybdenum film or a
molybdenum nitride film are stacked in this order, and the like can be given. For example, in
the case where the conductive layer has a three-layer structure, it is preferable that each of the
first and third layers be a film formed of titanium, titanium nitride, molybdenum, tungsten, an
alloy containing molybdenum and tungsten, an alloy containing molybdenum and zirconium, or
molybdenum nitride, and that the second layer be a film formed of a low-resistance material such
as copper, aluminum, gold, silver, or an alloy containing copper and manganese. A
light-transmitting conductive material such as indium tin oxide, indium oxide containing
tungsten oxide, indium zinc oxide containing tungsten oxide, indium oxide containing titanium
oxide, indium tin oxide containing titanium oxide, indium zinc oxide, or indium tin oxide to
which silicon oxide is added may be used.

[0167]

Note that the conductive layer may be formed using a method for controlling the
resistivity of an oxide semiconductor.
[0168]

The structure and method described in this embodiment can be implemented by being
combined as appropriate with any of the other structures and methods described in the other
embodiments.

[0169]
(Embodiment 2)

In this embodiment, the structure of a display device of one embodiment of the present
invention will be described with reference to FIGS. 10A to 10D, FIGS. 11A and 11B, FIGS. 12A
and 12B, FIGS. 13A and 13B, FIGS. 14A and 14B, FIGS. 15A to 15C, FIGS. 16A to 16C, FIG.
17, FIGS. 18A and 18B, FIG. 19, FIGS. 20A to 20D, FIGS. 21A to 21C, FIGS. 22A and 22B,
FIGS. 23A-1, 23A-2, 23B-1, 23B-2, 23C-1, 23C-2, 23D-1, 23D-2, 23E-1, 23E-2, 23F-1, and
23F-2, and FIGS. 24A to 24C.

[0170]

FIGS. 10A to 10D illustrate the structure of the display device of one embodiment of the
present invention. FIG. 10A is a projection view of a pixel, and FIG. 10B is an exploded view
illustrating part of the structure of the pixel in FIG. 10A. FIG. 10C is a cross-sectional view
that 1s taken along line Y1—Y2 in FIG. 10A and illustrates part of the structure of the pixel. FIG.
10D is a top view of the pixel in FIG. 10A.

[0171]
FIGS. 11A and 11B illustrate the structure of the display device of one embodiment of
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the present invention. FIG. 11A is a cross-sectional view of the pixel taken along line Y1-Y2
in FIG. 10A. FIG. 11B is a cross-sectional view illustrating part of the structure of the pixel in
FIG. 11A.

[0172]

FIGS. 12A and 12B illustrate the structure of the display device of one embodiment of
the present invention. FIG. 12A is a cross-sectional view of the pixel, which corresponds to the
cross-sectional view taken along line Y1-Y2 in FIG. 10A. FIG. 12B is a cross-sectional view
illustrating part of the structure of the pixel in FIG. 12A.

[0173]

FIGS. 13A and 13B illustrate the structure of the display device of one embodiment of
the present invention. FIG. 13Ais a cross-sectional view of the pixel, which corresponds to the
cross-sectional view taken along line Y1-Y2 in FIG. 10A. FIG. 13B is a cross-sectional view
illustrating part of the structure of the pixel in FIG. 13A.

[0174]

FIGS. 14A and 14B illustrate the structure of the display device of one embodiment of
the present invention. FIG. 14A is a cross-sectional view of the pixel, which corresponds to the
cross-sectional view taken along line Y1-Y2 in FIG. 10A. FIG. 14B is a cross-sectional view
illustrating part of the structure of the pixel in FIG. 14A.

[0175]

FIGS. 15A to 15C illustrate the structure of the display device of one embodiment of the
present invention. FIG. 15A is a top view of the display device. FIG. 15B is a top view
illustrating part of the pixel of the display device in FIG. 15A. FIG. 15C is a schematic view
illustrating a cross-sectional structure of the display device in FIG. 15A.

[0176]

FIGS. 16A to 16C and FIG. 17 are cross-sectional views illustrating the structure of the
display device. FIG. 16A is a cross-sectional view taken along line X1—X2 and line X3—X4 in
FIG. 15A, and line X5-X6 in FIG. 15B. FIGS. 16B and 16C each illustrate part of FIG. 16A.
[0177]

FIG. 17 is a cross-sectional view taken along line X7—X8 in FIG. 15B and line X9-X10
in FIG. 15A.

[0178]

FIGS. 18A and 18B are bottom views each illustrating part of a pixel that can be used
for the display device illustrated in FIG. 15A.
[0179]

FIG. 19 is a circuit diagram illustrating the configuration of a pixel circuit included in a
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display device of one embodiment of the present invention.
[0180]

Note that in this specification, an integral variable of 1 or more may be used for
reference numerals. For example, "(p)" where p is an integral value of 1 or more may be used
for part of a reference numeral that specifies any one of components (up to p components). For
another example, "(m,n)" where m and » are each an integral value of 1 or more may be used for
part of a reference numeral that specifies any one of components (up to m x n components).
[0181]
<Structural example 1 of display device>

A display device 700 described in this embodiment includes a pixel 702(i,j) (see FIG.
15A).

[0182]
<<Structural example 1 of pixel>>

The pixel 702(i,j) includes a functional layer 520, a first display element 750(7,j), and a
second display element 550(ij) (see FIG. 15A).
[0183]

The functional layer 520 includes a pixel circuit 530(77). The functional layer 520
includes a region positioned between the first display element 750(i,j) and the second display
element 550(7f).

[0184]

The pixel circuit 530(i,j) is electrically connected to the first display element 750(i ;)

and the second display element 550(i,j).
[0185]
<<Structural example 1 of first display element 750(7 j)>>

The first display element 750(7, j) includes a first electrode 751(7, j), a second electrode
752, a layer 753 containing a liquid crystal material, and a reflective film 751B (see FIG. 10B
and FIG. 11B). The first display element 750(i,j) has a function of controlling the intensity of
light reflected by the reflective film 751B.

[0186]

The second electrode 752 is provided such that an electric field in the direction
intersecting the thickness direction of the layer 753 containing a liquid crystal material is formed
between the second electrode 752 and the first electrode 751(i,j) (see FIG. 10B and FIG. 11A).
For example, the second electrode 752 can have a comb-like shape. In this manner, an electric
field in the direction intersecting the thickness direction of the layer 753 containing a liquid

crystal material can be formed between the second electrode 752 and the first electrode 751(7j).
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Alternatively, a display element operating in a VA-IPS mode can be used as the first display

element.
[0187]

FIG. 22B is an external view of a matrix of the second electrodes 752 with a comb-like
shape.
[0188]

The reflective film 751B has a shape that does not block light emitted from the second
display element 550(7,j). For example, the reflective film 751B can have a shape including a
region 751H where light is not blocked.

[0189]
<<Structural example 1 of second display element 550(7,j)>>

The second display element 550(7,j) has a function of emitting light and is provided such
that display using the second display element can be seen from part of a region where display
using the first display element 750(7,j) can be seen (see FIG. 11A).

[0190]

With such a structure, display can be performed by controlling the intensity of light
reflected by the reflective film with the use of the first display element. Furthermore, display
using the first display element can be complemented using the second display element.
Consequently, a novel display device with high convenience or high reliability can be provided.
[0191]
<<Structural example 2 of pixel>>

In the display device 700 described in this embodiment, the pixel 702(7j) includes an
optical element 560 and a covering film 565.

[0192]
<<Structural example 1 of optical element>>

The optical element 560 has a light-transmitting property and includes a first region
560A, a second region 560B, and a third region 560C (see FIGS. 10B and 10C and FIG. 11B).
[0193]

The first region 560A includes a region to which light is supplied. For example, the
first region S60A receives light from the second display element 550(7,j).

[0194]
The second region 560B includes a region in contact with the covering film 565.
[0195]
The third region 560C has a function of allowing part of light to be extracted and has an

area smaller than or equal to the area of the region of the first region S60A to which light is
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supplied.

[0196]
<<Structural example of covering film>>

The covering film 565 has light reflectivity and has a function of reflecting part of light
and supplying it to the third region S60C. For example, the covering film 565 can reflect light
emitted from the second display element 550(7,j) toward the third region S60C. Specifically,
part of light incident on the optical element 560 through the first region S60A can be reflected by
the covering film 565 in contact with the second region 560B and extracted from the third region
560C, as shown by a solid arrow (see FIG. 11B).

[0197]
<<Structural example 2 of first display element 750(i,j)>>

The reflective film 751B has a shape that does not block light extracted from the third
region 560C.
[0198]

With such a structure, display can be performed by controlling the intensity of light
reflected by the reflective film with the use of the first display element. Alternatively, display
using the first display element can be complemented using the second display element.
Alternatively, the light supplied to the first region can be efficiently emitted from the third region.
Alternatively, the light supplied to the first region can be gathered and emitted from the third
region. For example, when a light-emitting element is used as the second display element, the
area of the light-emitting element can be larger than that of the third region. Alternatively, light
supplied from the light-emitting element having an area larger than the area of the third region
can be gathered in the third region. Alternatively, the density of a current flowing through the
light-emitting element can be decreased while the intensity of light emitted from the third region
is maintained.  Alternatively, the reliability of the light-emitting element can be increased. For
example, an organic EL element or a light-emitting diode can be used as the light-emitting
element. Consequently, a novel display device with high convenience or high reliability can be
provided.

[0199]
<<Structural example 3 of pixel>>

The pixel 702(i,j) includes part of the functional layer 520, a first display element
750(i,j), and a second display element 550(7,j) (see FIG. 15C).

[0200]
<<Functional layer 520>>

The functional layer 520 includes a first conductive layer, a second conductive layer, an
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insulating film 501C, and the pixel circuit 530(7,j). The functional layer 520 includes the

optical element 560 and the covering film 565 (see FIG. 11A and FIG. 16A). The pixel circuit
530(7,j) includes a transistor M, for example.
[0201]

The functional layer 520 includes a region positioned between the first display element
750(7j) and the second display element 550(i,j) (see FIG. 16C). The region positioned between
the first display element 750(7,j) and the second display element 550(i,j) has a thickness of less
than 30 um, preferably less than 10 um, further preferably less than 5 um.

[0202]

In this manner, the second display element 550(i,j) can be close to the first display
element 750(7j). Parallax between display using the first display element 750(7) and display
using the second display element 550(7,j) can be reduced. Display using an adjacent pixel (e.g.,
the pixel 702(i j+1)) can be inhibited from being disturbed by display using the second display
element 550(7j). The color of display using an adjacent pixel (e.g., the pixel 702(7,j+1)) and the
color of display using the second display element 550(7) can be inhibited from being mixed.
The attenuation of light emitted by the second display element 550(i,j) can be inhibited. The
weight of the display device can be reduced. The thickness of the display device can be
reduced. The display device is easily bendable.

[0203]

The functional layer 520 includes an insulating film 528, an insulating film 521A, an
insulating film 521B, an insulating film 518, and an insulating film 516.

[0204]
<<Pixel circuit>>

The pixel circuit 530(7,7) has a function of driving the first display element 750(i,j) and
the second display element 550(7,j) (see FIG. 19).

[0205]

Thus, the first display element and the second display element that displays an image by
a method different from that of the first display element can be driven using pixel circuits that
can be formed in the same process. Specifically, a reflective display element is used as the first
display element, whereby power consumption can be reduced. An image with high contrast can
be favorably displayed in an environment with bright external light. An image can be favorably
displayed in a dark environment with the use of the second display element which emits light.
With the insulating film, impurity diffusion between the first display element and the second
display element or between the first display element and the pixel circuit can be inhibited.
Consequently, a novel display device with high convenience or high reliability can be provided.
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[0206]

A switch, a transistor, a diode, a resistor, an inductor, a capacitor, or the like can be used
in the pixel circuit 530(7 j).

[0207]

For example, one or a plurality of transistors can be used as a switch. Alternatively, a
plurality of transistors connected in parallel, in series, or in combination of parallel connection
and series connection can be used as a switch.

[0208]

For example, the pixel circuit 530(7 ) is electrically connected to a signal line S1(j), a
signal line S2(j), a scan line G1(7), a scan line G2(7), a wiring CSCOM, and a wiring ANO (see
FIG. 19). Although not illustrated, a conductive layer 512A is electrically connected to the
signal line S1(j).

[0209]

The pixel circuit 530(7,j) includes a switch SW1 and a capacitor C11 (see FIG. 19).
[0210]

The pixel circuit 530(7,j) includes a switch SW2, a transistor M, and a capacitor C12.
[0211]

For example, a transistor including a gate electrode electrically connected to the scan
line G1(7) and a first electrode electrically connected to the signal line S1(j) can be used as the
switch SW1.

[0212]

The capacitor C11 includes a first electrode electrically connected to a second electrode
of the transistor used as the switch SW1 and a second electrode electrically connected to the
wiring CSCOM.

[0213]

For example, a transistor including a gate electrode electrically connected to the scan
line G2(7) and a first electrode electrically connected to the signal line S2(j) can be used as the
switch SW2.

[0214]

The transistor M includes a gate electrode electrically connected to a second electrode
of the transistor used as the switch SW2 and a first electrode electrically connected to the wiring
ANO.

[0215]
Note that a transistor including a conductive layer provided such that a semiconductor

film is positioned between a gate electrode and the conductive layer can be used as the transistor
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M. For example, as the conductive layer, a conductive layer electrically connected to a wiring
that can supply the same potential as that of the gate electrode of the transistor M can be used.
[0216]

The capacitor C12 includes a first electrode electrically connected to the second
electrode of the transistor used as the switch SW2 and a second electrode electrically connected
to the first electrode of the transistor M.

[0217]

A first electrode of the first display element 750(7j) is electrically connected to the
second electrode of the transistor used as the switch SW1. The second electrode 752 of the first
display element 750(i,j) is electrically connected to a wiring VCOM1. This enables the first
display element 750 to be driven.

[0218]

The electrode 551(7,j) and the electrode 552 of the second display element 550(i,j) are
electrically connected to a second electrode of the transistor M and a conductive layer VCOM2,
respectively. This enables the second display element 550(7,f) to be driven.

[0219]
<<Insulating film 501C>>

The insulating film 501C includes a region positioned between the first conductive layer
and the second conductive layer and has an opening 591A (see FIG. 17).

[0220]
<<First conductive layer>>

The first conductive layer is electrically connected to the first display element 750(7 ).
Specifically, the first conductive layer is electrically connected to the first electrode 751(7,j) of
the first display element 750(7,j). The first electrode 751(7,j) can be used as the first conductive
layer.

[0221]
<<Second conductive layer>>

The second conductive layer includes a region overlapping with the first conductive
layer. The second conductive layer is electrically connected to the first conductive layer
through the opening 591A. For example, a conductive layer 512B can be used as the second
conductive layer.

[0222]

Note that the first conductive layer electrically connected to the second conductive layer

in the opening 591A formed in the insulating film 501C can be referred to as a through electrode.

[0223]
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The second conductive layer is electrically connected to the pixel circuit 530(7,j). For
example, a conductive layer that functions as a source electrode or a drain electrode of a
transistor used as a switch SW1 of the pixel circuit 530(i,j) can be used as the second conductive
layer.

[0224]
<<Structural example 2 of second display element 550(7,j)>>

The second display element 550(7,) is electrically connected to the pixel circuit 530(7 ;)
(see FIG. 16A and FIG. 19). The second display element 550(7j) has a function of emitting
light toward the functional layer 520. The second display element 550(7;) has a function of
emitting light toward the insulating film 501C or an opening formed in the insulating film 501C,
for example.

[0225]

The second display element 550(i,j) is provided such that display using the second
display element 550(7,j) can be seen from part of a region where display using the first display
element 750(i,j) can be seen. For example, dashed arrows shown in FIG. 17 denote the
directions in which external light is incident on and reflected by the first display element 750(7 ;)
that displays image data by controlling the intensity of external light reflection. In addition, a
solid arrow shown in FIG. 16A denotes the direction in which the second display element
550(7,j) emits light to part of the region where display using the first display element 750(7,j) can
be seen.

[0226]

Accordingly, display using the second display element can be seen from part of the
region where display using the first display element can be seen. Alternatively, users can see
display without changing the attitude or the like of the display device. Alternatively, an object
color expressed by light reflected by the first display element and a light source color expressed
by light emitted from the second display element can be mixed. Alternatively, an object color
and a light source color can be used to display an image like a painting. Thus, a novel display
device with high convenience or high reliability can be provided.

[0227]

For example, the second display element 550(i,j) includes the electrode 551(i,j), the
electrode 552, and the layer 553(j) containing a light-emitting material (see FIG. 16A).
[0228]

The electrode 552 includes a region overlapping with the electrode 551(i f).
[0229]

The layer 553(j) containing a light-emitting material includes a region positioned
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between the electrode 551(7,j) and the electrode 552.

[0230]

The electrode 551(i,j) is electrically connected to the pixel circuit 530(j) at a
connection portion 522. The electrode 552 is electrically connected to the conductive layer
VCOM?2 (see FIG. 16A and FIG. 19).

[0231]
<<Insulating films 521, 528, 518, and 516>>

An insulating film 521 includes a region positioned between the pixel circuit 530( )
and the second display element 550(i,j).

[0232]

For example, a laminated film can be used as the insulating film 521. For example, a
stack including the insulating film 521A, the insulating film 521B, and an insulating film 521C
can be used as the insulating film 521.

[0233]

The insulating film 528 includes a region positioned between the insulating film 521
and the substrate 570 and has an opening in a region overlapping with the second display
element 550(7,j). The insulating film 528 that is along the edge of the electrode 551(7,j) can
avoid a short circuit between the electrode 551(7,j) and the electrode 552.

[0234]

Note that a single-layer film or a stacked-layer film can be used for the insulating film
518. For example, an insulating film 518A and an insulating film 518B can be used for the
insulating film 518.  Alternatively, for example, an insulating film 518A1 and an insulating film
518A2 can be used for the insulating film 518.

[0235]

The insulating film 518 includes a region positioned between the insulating film 521
and the pixel circuit 530(7j).
[0236]

The insulating film 516 includes a region positioned between the insulating film 518
and the pixel circuit 530(7j).
[0237]

Furthermore, the display device 700 can include an insulating film 501B. The
insulating film 501B has an opening 592B (see FIG. 16A).

[0238]
The opening 592B includes a region overlapping with a conductive layer 511B.

[0239]
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<Structural example 2 of display device>

The display device 700 described in this embodiment includes a display region 231 (see
FIGS. 15A to 15C).

[0240]
<<Display region 231>>

Although not specifically illustrated, the display region 231 includes one group of pixels
702(i,1) to 702(i,n), another group of pixels 702(1,j) to 702(m,j), a scan line G1(i), and a signal
line S1(j). As an example, FIGS. 15A to 15C illustrate the pixel 702(i,j). The display region
231 includes the scan line G2(7), the wiring CSCOM, the wiring ANO, and the signal line S2(j)
(see FIGS. 15A to 15C and FIG. 19). Note that 7 is an integer greater than or equal to 1 and less
than or equal to m, j is an integer greater than or equal to 1 and less than or equal to », and each
of m and » 1s an integer greater than or equal to 1.

[0241]

The one group of pixels 702(7,1) to 702(i,n) include the pixel 702(i,j) and are arranged
in the row direction (the direction indicated by the arrow R1 in the drawing).
[0242]

The another group of pixels 702(1,) to 702(m,j) include the pixel 702(i,j) and are
arranged in the column direction (the direction indicated by the arrow C1 in the drawing) that
intersects the row direction.

[0243]

The scan line G1(i) and the scan line G2(7) are electrically connected to the group of
pixels 702(i, 1) to 702(7,n) arranged in the row direction.
[0244]

The signal line S1(7) and the signal line S2(j) are electrically connected to the another
group of pixels 702(1,j) to 702(m,j) arranged in the column direction.
[0245]
<Structural example 3 of display device>

The display device 700 described in this embodiment can include a plurality of pixels
having functions of representing colors with different hues. Furthermore, colors with hues that
cannot be represented by the plurality of pixels capable of representing colors with different hues
can be represented by additive color mixing with the use of the pixels.

[0246]

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. Specifically, the pixel 702(7,j) can be referred to as a
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subpixel, and the pixel 702(7j), a pixel 702(i,j+1), and a pixel 702(i j+2) can be collectively
referred to as a pixel 703(7,k) (see FIG. 22A).

[0247]

For example, a subpixel that represents blue, a subpixel that represents green, and a
subpixel that represents red can be collectively used as the pixel 703(7,k).

[0248]

Alternatively, for example, 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).
[0249]

Alternatively, for example, the above set to which a subpixel that represents white is
added can be used as the pixel.

[0250]

Alternatively, for example, a set of the following subpixels can be used as the pixel
703(7,k): a subpixel including the first display element 750(7j) that represents cyan and the
second display element 550(7,j) that represents blue; a subpixel including a first display element
750(7 j+1) that represents yellow and a second display element 550(7,j+1) that represents green;
and a subpixel including a first display element 750(7,j+2) that represents magenta and a second
display element 550(i,j+2) that represents red. This allows bright display using the first display
elements 750(7,j) to 750(i,j+2) or clear display using the second display elements 550(i,j) to
550(i,j+2).

[0251]
<Structural example 4 of display device>

The display device 700 described in this embodiment can include a driver circuit GD or
a driver circuit SD (see FIG. 15A).

[0252]
<<Driver circuit GD>>

The driver circuit GD has a function of supplying a selection signal on the basis of
control data.
[0253]

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

[0254]
For example, the driver circuit GD has a function of supplying a selection signal to one

scan line at a frequency of lower than 30 Hz, preferably lower than 1 Hz, more preferably less
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than once per minute, on the basis of control data. Accordingly, a still image can be displayed
with reduced flickering.
[0255]

A display device can include a plurality of driver circuits. For example, a display
device 700B includes a driver circuit GDA and a driver circuit GDB (see FIGS. 15A to 15C).
[0256]

For example, in the case where a plurality of driver circuits are provided, the driver
circuits GDA and GDB may supply the selection signals at different frequencies. Specifically,
the selection signal can be supplied at a higher frequency to a region on which moving images
are displayed than to a region on which a still image is displayed. Accordingly, a still image
can be displayed in a region with reduced flickering, and moving images can be smoothly
displayed in another region.

[0257]
<<Driver circuit SD>>

Although not illustrated, the driver circuit SD includes a driver circuit SD1 and a driver
circuit SD2.  The driver circuit SD1 has a function of supplying an image signal on the basis of
data V11. The driver circuit SD2 has a function of supplying an image signal on the basis of
data V12 (see FIGS. 15A to 15C).

[0258]

The driver circuit SD1 or the driver circuit SD2 has a function of generating an image
signal and a function of supplying the image signal to a pixel circuit electrically connected to a
display element. Specifically, the driver circuit SD1 or the driver circuit SD2 has a function of
generating a signal whose polarity is inverted. Thus, for example, a liquid crystal display
element can be driven.

[0259]

For example, any of a variety of sequential circuits, such as a shift register, can be used
as the driver circuit SD.
[0260]

For example, an integrated circuit in which the driver circuit SD1 and the driver circuit
SD2 are integrated can be used as the driver circuit SD. Specifically, an integrated circuit
formed on a silicon substrate can be used as the driver circuit SD.

[0261]

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 layer can be

used to mount an integrated circuit on the terminal.
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[0262]

<Structural example 5 of display device>

Moreover, the display device 700 described in this embodiment includes a functional
layer 720, a terminal 519B, the substrate 570, a substrate 770, a bonding layer 505, a sealing
material 705, a structure body KB1, a functional film 770P, a functional film 770D, and the like
(see FIG. 16A and FIG. 17).
[0263]
<<Functional layer 720>>

The display device described in this embodiment includes the functional layer 720.
The functional layer 720 includes a region positioned between the substrate 770 and the
insulating film 5S01C. The functional layer 720 includes a light-blocking film BM, an insulating
film 771, and a coloring film CF1 (see FIG. 16A and FIG. 17).
[0264]

The light-blocking film BM has an opening in a region overlapping with the first
display element 750(i )).
[0265]

The coloring film CF1 includes a region positioned between the substrate 770 and the
first display element 750(i,j).
[0266]

The insulating film 771 includes a region between the coloring film CF1 and the layer
753 containing a liquid crystal material and a region between the light-blocking film BM and the
layer 753 containing a liquid crystal material. The insulating film 771 can reduce unevenness
due to the thickness of the coloring film CF1. Alternatively, impurities can be prevented from
being diffused from the light-blocking film BM, the coloring film CF1, or the like to the layer
753 containing a liquid crystal material.
[0267]

Note that a single-layer film or a stacked-layer film can be used for the insulating film
771. For example, an insulating film 771A and an insulating film 771B can be used for the
insulating film 771.
[0268]
<<Terminal 519B>>

The display device described in this embodiment includes a terminal 519B (see FIG.
16A).
[0269]

The terminal 519B includes the conductive layer 511B. The terminal 519B is
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electrically connected to the signal line S1(j), for example.
[0270]
<<Substrate 570 and substrate 770>>

In addition, the display device described in this embodiment includes the substrate 570
and the substrate 770.

[0271]

The substrate 770 includes a region overlapping with the substrate 570. The substrate
770 includes a region positioned such that the functional layer 520 is sandwiched between the
substrate 770 and the substrate 570.

[0272]

The substrate 770 includes a region overlapping with the first display element 750(7j).
For example, a material with low birefringence can be used for the region.

[0273]
<<Bonding layer 505, sealing material 705, and structure body KB1>>

The display device described in this embodiment includes the bonding layer 505, the
sealing material 705, and the structure body KB1.
[0274]

The bonding layer 505 includes a region positioned between the functional layer 520
and the substrate 570, and has a function of bonding the functional layer 520 and the substrate
570 to each other.

[0275]

The sealing material 705 includes a region positioned between the functional layer 520
and the substrate 770, and has a function of bonding the functional layer 520 and the substrate
770 to each other.

[0276]

The structure body KB1 has a function of providing a certain space between the
functional layer 520 and the substrate 770.

[0277]
<<Functional films 770PA, 770PB, and 770D>>

The display device described in this embodiment includes a functional film 770PA, a
functional film 770PB, and the functional film 770D.
[0278]

The functional films 770PA and 770PB each include a region overlapping with the first
display element 750(i )).
[0279]
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The functional film 770D includes a region overlapping with the first display element
750(i,j). The functional film 770D is provided such that the substrate 770 lies between the
functional film 770D and the first display element 750(i,j). Thus, for example, light reflected
by the first display element 750(7,j) can be diffused.

[0280]
<Example of components>

The display device 700 includes the substrate 570, the substrate 770, the structure body
KBI1, the sealing material 705, and the bonding layer 505.

[0281]

The display device 700 also includes the functional layer 520, the optical element 560,
the covering film 565, the insulating film 521, and the insulating film 528.

[0282]

The display device 700 also includes the signal line S1(j), the signal line S2(j), the scan
line G1(7), the scan line G2(7), the wiring CSCOM, and the wiring ANO.
[0283]

The display device 700 also includes the first conductive layer and the second
conductive layer.
[0284]

The display device 700 also includes the terminal 519B and the conductive layer 511B.
[0285]

The display device 700 also includes the pixel circuit 530(7,j) and the switch SW1.
[0286]

The display device 700 also includes the first display element 750(i,j), the first electrode
751(i,j), the reflective film, the opening, the layer 753 containing a liquid crystal material, and
the second electrode 752.

[0287]

The display device 700 also includes an alignment film AF1, an alignment film AF2, the
coloring film CF1, the light-blocking film BM, the insulating film 771, the functional film 770P,
and the functional film 770D.

[0288]

The display device 700 also includes the second display element 550(i,f), the electrode
551(i,)), the electrode 552, and the layer 553(j) containing a light-emitting material.

[0289]

The display device 700 also includes the insulating film 501B and the insulating film
501C.
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[0290]

The display device 700 also includes the driver circuit GD and the driver circuit SD.
[0291]
<<Substrate 570>>

The substrate 570 or the like can be formed using a material having heat resistance high
enough to withstand heat treatment in the manufacturing process. For example, a material with
a thickness greater than or equal to 0.1 mm and less than or equal to 0.7 mm can be used for the
substrate 570. Specifically, a material polished to a thickness of approximately 0.1 mm can be
used.

[0292]

For example, a large-sized glass substrate having any of the following sizes can be used
as the substrate 570 or the like: the 6th generation (1500 mm x 1850 mm), the 7th generation
(1870 mm x 2200 mm), the 8th generation (2200 mm x 2400 mm), the Sth generation (2400 mm
x 2800 mm), and the 10th generation (2950 mm x 3400 mm). Thus, a large-sized display
device can be manufactured.

[0293]

For the substrate 570 or the like, an organic material, an inorganic material, a composite
material of an organic material and an inorganic material, or the like can be used. For example,
an inorganic material such as glass, ceramic, or a metal can be used for the substrate 570 or the
like.

[0294]

Specifically, non-alkali glass, soda-lime glass, potash glass, crystal glass,
aluminosilicate glass, tempered glass, chemically tempered glass, quartz, sapphire, or the like
can be used for the substrate 570 or the like. Specifically, an inorganic oxide film, an inorganic
nitride film, an inorganic oxynitride film, or the like can be used for the substrate 570 or the like.
For example, a silicon oxide film, a silicon nitride film, a silicon oxynitride film, an aluminum
oxide film, or the like can be used for the substrate 570 or the like. Stainless steel, aluminum,
or the like can be used for the substrate 570 or the like.

[0295]

For example, a single crystal semiconductor substrate or a polycrystalline
semiconductor substrate of silicon or silicon carbide, a compound semiconductor substrate of
silicon germanium or the like, or an SOI substrate can be used as the substrate 570 or the like.
Thus, a semiconductor element can be provided over the substrate 570 or the like.

[0296]
For example, an organic material such as a resin, a resin film, or plastic can be used for
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the substrate 570 or the like. Specifically, a resin film or resin plate of polyester, polyolefin,
polyamide, polyimide, polycarbonate, an acrylic resin, or the like can be used for the substrate
570 or the like.

[0297]

For example, a composite material formed by attaching a metal plate, a thin glass plate,
or a film of an inorganic material to a resin film or the like can be used for the substrate 570 or
the like. For example, a composite material formed by dispersing a fibrous or particulate metal,
glass, inorganic material, or the like into a resin film can be used for the substrate 570 or the like.
For example, a composite material formed by dispersing a fibrous or particulate resin, organic
material, or the like into an inorganic material can be used for the substrate 570 or the like.
[0298]

Furthermore, a single-layer material or a layered material in which a plurality of layers
are stacked can be used for the substrate 570 or the like. For example, a layered material in
which a base, an insulating film that prevents diffusion of impurities contained in the base, and
the like are stacked can be used for the substrate 570 or the like.  Specifically, a layered material
in which glass and one or more of a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, and the like that prevent diffusion of impurities contained in the glass are
stacked can be used for the substrate 570 or the like.  Alternatively, a layered material in which
a resin and a film for preventing diffusion of impurities that penetrate the resin, such as a silicon
oxide film, a silicon nitride film, and a silicon oxynitride film are stacked can be used for the
substrate 570 or the like.

[0299]

Specifically, a resin film, a resin plate, a layered material, or the like containing
polyester, polyolefin, polyamide, polyimide, polycarbonate, an acrylic resin, or the like can be
used for the substrate 570 or the like.

[0300]

Specifically, a material containing polyester, polyolefin, polyamide (e.g., nylon or
aramid), polyimide, polycarbonate, polyurethane, an acrylic resin, an epoxy resin, or a resin
having a siloxane bond, such as silicone can be used for the substrate 570 or the like.

[0301]

Specifically, polyethylene terephthalate (PET), polyethylene naphthalate (PEN),
polyethersulfone (PES), acrylic, or the like can be used for the substrate 570 or the like.
Alternatively, a cycloolefin polymer (COP), a cycloolefin copolymer (COC), or the like can be
used.

[0302]
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Alternatively, paper, wood, or the like can be used for the substrate 570 or the like.
[0303]

For example, a flexible substrate can be used as the substrate 570 or the like.

[0304]

Note that a transistor, a capacitor, or the like can be directly formed on the substrate.
Alternatively, a transistor, a capacitor, or the like formed on a substrate for use in manufacturing
processes that can resist heat applied in the manufacturing process can be transferred to the
substrate 570 or the like. Thus, a transistor, a capacitor, or the like can be formed over a
flexible substrate, for example.

[0305]
<<Substrate 770>>

For example, a material that can be used for the substrate 570 can be used for the
substrate 770. For example, a light-transmitting material that can be used for the substrate 570
can be used for the substrate 770. Alternatively, a material having a surface provided with an
antireflective film with a thickness of 1 um or less can be used for the substrate 770.
Specifically, a stack including three or more, preferably five or more, more preferably 15 or more
dielectrics can be used for the substrate 770. This allows reflectivity to be as low as 0.5 % or
less, preferably 0.08 % or less. Alternatively, a material with low birefringence that can be used
for the substrate 570 can be used for the substrate 770.

[0306]

For example, aluminosilicate glass, tempered glass, chemically tempered glass, sapphire,
or the like can be favorably used for the substrate 770 that is on the side closer to a user of the
display device. This can prevent breakage or damage of the display device caused by the use.
[0307]

For example, a resin film of a cycloolefin polymer (COP), a cycloolefin copolymer
(COC), or triacetyl cellulose (TAC) can be favorably used as the substrate 770, in which case the
substrate 770 can be lightweight. Alternatively, for example, the display device can be made
less likely to suffer from damage by dropping.

[0308]

A material with a thickness greater than or equal to 0.1 mm and less than or equal to 0.7
mm can be used for the substrate 770, for example. Specifically, a substrate polished to be
reduced in the thickness can be used. In that case, the functional film 770D can be close to the
first display element 750(i,j). As a result, image blur can be reduced, and an image can be
displayed clearly.

[0309]
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<<Structure body KB1>>

The structure body KB1 or the like can be formed using an organic material, an
inorganic material, or a composite material of an organic material and an inorganic material, for
example. Accordingly, a predetermined space can be provided between components between
which the structure body KB1 and the like are provided.

[0310]

Specifically, for the structure body KBI1, polyester, polyolefin, polyamide, polyimide,
polycarbonate, polysiloxane, an acrylic resin, or the like, or a composite material of a plurality of
resins selected from these can be used.  Alternatively, a photosensitive material may be used.
[0311]
<<Sealing material 705>>

For the sealing material 705 or the like, an inorganic material, an organic material, a
composite material of an inorganic material and an organic material, or the like can be used.
[0312]

For example, an organic material such as a thermally fusible resin or a curable resin can
be used for the sealing material 705 or the like.

[0313]

For example, an organic material such as a reactive curable adhesive, a light curable
adhesive, a thermosetting adhesive, and/or an anaerobic adhesive can be used for the sealing
material 705 or the like.

[0314]

Specifically, an adhesive containing an epoxy resin, an acrylic resin, a silicone resin, a
phenol resin, a polyimide resin, an imide resin, a polyvinyl chloride (PVC) resin, a polyvinyl
butyral (PVB) resin, or an ethylene vinyl acetate (EVA) resin, or the like can be used for the
sealing material 705 or the like.

[0315]
<<Bonding layer 505>>

For example, any of the materials that can be used for the sealing material 705 can be
used for the bonding layer 505.

[0316]
<<Insulating film 521>>

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

[0317]
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Specifically, for example, an inorganic oxide film, an inorganic nitride film, an
inorganic oxynitride film, or a material obtained by stacking any of these films can be used as the
insulating film 521 or the like. For example, a film including any of a silicon oxide film, a
silicon nitride film, a silicon oxynitride film, and an aluminum oxide film, or a film including a
layered material obtained by stacking any of these films can be used as the insulating film 521 or
the like.

[0318]

Specifically, for the insulating film 521 or the like, polyester, polyolefin, polyamide,
polyimide, polycarbonate, polysiloxane, an acrylic resin, or the like, or a laminated or composite
material of a plurality of kinds of resins selected from these can be used. Alternatively, a
photosensitive material may be used.

[0319]

Thus, steps due to various components overlapping with the insulating film 521 can be
reduced, for example.
[0320]
<<Optical element 560>>

The optical element 560 has an optical axis Z (see FIG. 10C). The optical axis Z
passes through the center of the region of the first region 560A to which visible light is supplied
and the center of the third region S60C. The second region 560B includes an inclined portion
with an inclination & of 45° or more, preferably 75° or more and 85° or less, with respect to a
plane orthogonal to the optical axis Z. For example, the second region 560B illustrated in the
drawing entirely has an inclination of approximately 60° with respect to the plane orthogonal to
the optical axis Z.

[0321]

The inclined portion of the second region 560B is provided within greater than or equal
to 0.05 um and less than or equal to 0.2 um of the end of the region of the first region S60A to
which visible light is supplied. Note that in the case where the second display element 550(7 )
is in contact with the first region S60A, the region of the first region S60A to which visible light
is supplied has the same area as the region of the second display element 550(i,j) that can supply
visible light. For example, the inclined portion of the second region 560B illustrated in the
drawing is positioned at a distance d from the end of the region of the first region S60A to which
visible light is supplied.

[0322]

The region of the first region 560A to which visible light is supplied has an area larger

than 10 % of the area of the pixel 702(7,j) (see FIG. 10D).
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[0323]

The third region 560C has an area smaller than or equal to 10 % of the area of the pixel
702(i j).

[0324]

The reflective film 751B has an area larger than or equal to 70 % of the area of the pixel
702(i j).

[0325]

The sum of the area of the region of the first region S60A to which visible light is
supplied and the area of the reflective film 751B is larger than the area of the pixel 702(7,)).
[0326]

For example, a rectangular pixel 27 um wide and 81 pm long has an area of 2187 pm®.
In the case of such a pixel, the region of the first region 560A to which visible light is supplied
has an area of 324 um®. The third region 560C has an area of 81 um?, and the reflective film
751B has an area of 1894 pum”.

[0327]

In this structure, the area of a region of the first region 560A to which visible light is
supplied is approximately 14.8 % of the area of the pixel.
[0328]

The area of the reflective film 751B is approximately 86.6 % of the area of the pixel.
[0329]

The sum of the area of the region of the first region S60A to which visible light is
supplied and the area of the reflective film 751B is 2218 um?.

[0330]

Thus, in the second region, light incident through the first region at various angles can
be gathered. Consequently, a novel display device with high convenience or high reliability can
be provided.

[0331]

Note that a plurality of materials can be used for the optical element 560. For example,
a plurality of materials selected such that a difference between their refractive indices is 0.2 or
less can be used for the optical element 560. Thus, reflection or scattering of light in the optical
element or loss of light can be inhibited.

[0332]

The optical element 560 can have any of various shapes. For example, the shape of a

section orthogonal to the optical axis of the optical element 560 can be a circle or a polygon.

The second region 560B of the optical element 560 can have a flat surface or a curved surface.
52



10

15

20

25

30

35

WO 2018/073690 PCT/IB2017/056240
[0333]

An example of a cross-sectional view along the optical axis of the optical element 560
having a quadrangle section orthogonal to the optical axis is illustrated in FIG. 23A-1, FIG.
23B-1, or FIG. 23C-1. FIG. 23A-2, FIG. 23B-2, or FIG. 23C-2 shows a perspective view of the
optical element 560.

[0334]

An example of a cross-sectional view along the optical axis of the optical element 560
having a circular section orthogonal to the optical axis is illustrated in FIG. 23D-1, FIG. 23E-1,
or FIG. 23F-1. FIG. 23D-2, FIG. 23E-2, or FIG. 23F-2 shows a perspective view of the optical
element 560.

[0335]
<<Covering film 565>>

A single-layer film or a laminated film can be used as the covering film 565. For
example, a stack including a light-transmitting film and a reflective film can be used for the
covering film 565.

[0336]

For example, an inorganic material such as an oxide film, a fluoride film, or a sulfide
film can be used for the light-transmitting film.
[0337]

For example, a metal can be used for the reflective film. Specifically, a material
containing silver can be used for the covering film 565. For example, a material containing
silver, palladium, and the like or a material containing silver, copper, and the like can be used for
the reflective film. Alternatively, a multilayer film of dielectrics can be used for the reflective
film.

[0338]
<<Insulating film 528>>

For example, any of the materials that can be used for the insulating film 521 can be
used for the insulating film 528 or the like. Specifically, a 1-um-thick polyimide-containing
film can be used as the insulating film 528.

[0339]
<<Insulating film 501B>>

For example, a material that can be used for the insulating film 521 can be used for the
insulating film 501B. For example, a material having a function of supplying hydrogen can be
used for the insulating film 501B.

[0340]
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Specifically, a material obtained by stacking a material containing silicon and oxygen
and a material containing silicon and nitrogen can be used for the insulating film 501B. For
example, a material having a function of releasing hydrogen by heating or the like to supply the
hydrogen to another component can be used for the insulating film 501B. Specifically, a
material having a function of releasing hydrogen taken in the manufacturing process, by heating
or the like, to supply the hydrogen to another component can be used for the insulating film
S501B.

[0341]

For example, a film containing silicon and oxygen that is formed by a chemical vapor
deposition method using silane or the like as a source gas can be used as the insulating film
S501B.

[0342]

Specifically, a material obtained by stacking a material containing silicon and oxygen
and having a thickness greater than or equal to 200 nm and less than or equal to 600 nm and a
material containing silicon and nitrogen and having a thickness of approximately 200 nm can be
used for the insulating film 501B.

[0343]
<<Insulating film 501C>>

For example, any of the materials that can be used for the insulating film 521 can be
used for the insulating film 501C. Specifically, a material containing silicon and oxygen can be
used for the insulating film S01C. Thus, diffusion of impurities into the pixel circuit, the
second display element, or the like can be inhibited.

[0344]

For example, a 200-nm-thick film containing silicon, oxygen, and nitrogen can be used

as the insulating film 501C.
[0345]
<<Wiring, terminal, and conductive layer>>

A conductive material can be used for the wiring or the like. Specifically, the
conductive material can be used for the signal line S1(j), the signal line S2(j), the scan line G1(7),
the scan line G2(7), the wiring CSCOM, the wiring ANO, the terminal 519B, the conductive
layer 511B, or the like.

[0346]

For example, an inorganic conductive material, an organic conductive material, a metal,

conductive ceramics, or the like can be used for the wiring or the like.

[0347]
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Specifically, a metal element selected from aluminum, gold, platinum, silver, copper,
chromium, tantalum, titanium, molybdenum, tungsten, nickel, iron, cobalt, palladium, and
manganese can be used for the wiring or the like.  Alternatively, an alloy containing any of the
above-described metal elements, or the like can be used for the wiring or the like. In particular,
an alloy of copper and manganese is suitably used in microfabrication using a wet etching
method.

[0348]

Specifically, any of the following structures can be used for the wiring or the like: a
two-layer structure in which a titanium film is stacked over an aluminum film, a two-layer
structure in which a titanium film is stacked over a titanium nitride film, a two-layer structure in
which a tungsten film is stacked over a titanium nitride film, a two-layer structure in which a
tungsten film is stacked over a tantalum nitride film or a tungsten nitride film, a three-layer
structure in which a titanium film, an aluminum film, and a titanium film are stacked in this order,
and the like.

[0349]

Specifically, a conductive oxide, such as indium oxide, indium tin oxide, indium zinc
oxide, zinc oxide, or zinc oxide to which gallium is added, can be used for the wiring or the like.
[0350]

Specifically, a film containing graphene or graphite can be used for the wiring or the
like.

[0351]

For example, a film containing graphene oxide is formed and subjected to reduction,
whereby a film containing graphene can be formed. As a reducing method, a method with
application of heat, a method using a reducing agent, or the like can be employed.

[0352]

A film containing a metal nanowire can be used for the wiring or the like, for example.

Specifically, a nanowire containing silver can be used.
[0353]

Specifically, a conducting polymer can be used for the wiring or the like.
[0354]

Note that the terminal 519B can be electrically connected to a flexible printed circuit
FPC1 with the use of a conductive material ACF1, for example.

[0355]
<<First conductive layer and second conductive layer>>

For example, any of the materials that can be used for the wiring or the like can be used

55



10

15

20

25

30

35

WO 2018/073690 PCT/IB2017/056240

for the first conductive layer or the second conductive layer.
[0356]

The first electrode 751(i,j), the wiring, or the like can be used for the first conductive
layer.
[0357]

The conductive layer 512B functioning as the source electrode or the drain electrode of
the transistor that can be used for the switch SW1, the wiring, or the like can be used for the
second conductive layer.

[0358]
<<First display element 750(7,j)>>

For example, a display element having a function of controlling transmission or
reflection of light can be used as the first display element 750(7j). For example, a combined
structure of a liquid crystal element and a polarizing plate, a MEMS shutter display element, a
MEMS optical coherence display element, or the like can be used. The use of a reflective
display element can reduce the power consumption of the display device. For example, a
display element using a microcapsule method, an electrophoretic method, an electrowetting
method, or the like can be used as the first display element 750(i,j). Specifically, a reflective
liquid crystal display element can be used as the first display element 750(i,j).

[0359]

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.

[0360]

Alternatively, a liquid crystal element that can be driven by, for example, 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 can be
used.

[0361]

The first display element 750(7,j) includes a first electrode, a second electrode, and a
layer containing a liquid crystal material. The layer containing a liquid crystal material
contains a liquid crystal material whose alignment can be controlled by voltage applied between

the first electrode and the second electrode. For example, the alignment of the liquid crystal
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material can be controlled by an electric field in the thickness direction (also referred to as the
vertical direction) or an electric field in the direction that intersects the vertical direction (also
referred to as the horizontal direction or the diagonal direction) of the layer containing a liquid
crystal material.
[0362]
<<Layer 753 containing liquid crystal material>>

For example, thermotropic liquid crystal, low-molecular liquid crystal, high-molecular
liquid crystal, polymer dispersed liquid crystal, ferroelectric liquid crystal, anti-ferroelectric
liquid crystal, or the like can be used for the layer containing a liquid crystal material.
Alternatively, a liquid crystal material which exhibits a cholesteric phase, a smectic phase, a
cubic phase, a chiral nematic phase, an isotropic phase, or the like can be used.  Alternatively, a
liquid crystal material which exhibits a blue phase can be used.
[0363]

For example, a negative liquid crystal material can be used for the layer containing a
liquid crystal material.
[0364]

For example, a liquid crystal material having a resistivity of greater than or equal to 1.0
x 10" Q-cm, preferably greater than or equal to 1.0 x 10'* Q-cm, more preferably greater than or
equal to 1.0 x 10" Q-cm, is used for the layer 753 containing a liquid crystal material. This can
suppress a variation in the transmittance of the first display element 750(i,j). Alternatively,
flickering of the first display element 750(7,j) can be suppressed. Alternatively, the rewriting
frequency of the first display element 750(7,j) can be reduced.
[0365]
<<First electrode 751(i,j)>>

For example, the material that is used for the wiring or the like can be used for the first
electrode 751(ij). Specifically, a reflective film can be used for the first electrode 751(i,)).
For example, a material in which a light-transmitting conductive layer and a reflective film
having an opening are stacked can be used for the first electrode 751(7j).
[0366]
<<Reflective film>>

For example, a material that reflects visible light can be used for the reflective film.
Specifically, a material containing silver can be used for the reflective film. For example, a
material containing silver, palladium, and the like or a material containing silver, copper, and the
like can be used for the reflective film.

[0367]
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The reflective film reflects light that passes through the layer 753 containing a liquid

crystal material, for example. This allows the first display element 750 to serve as a reflective
liquid crystal element. Alternatively, for example, a material with unevenness on its surface
can be used for the reflective film. In that case, incident light can be reflected in various
directions so that a white image can be displayed.

[0368]

For example, the first conductive layer, the first electrode 751(7 ), or the like can be
used as the reflective film.
[0369]

For example, a film including a region positioned such that a light-transmitting
conductive layer 751A is sandwiched between the region and the layer 753 containing a liquid
crystal material can be used as the reflective film 751B (see FIG. 20A).

[0370]

For example, a film including a region positioned between the layer 753 containing a
liquid crystal material and a light-transmitting conductive layer 751C can be used as the
reflective film 751B (see FIG. 20B).

[0371]

For example, a film including a region positioned between the light-transmitting
conductive layer 751A and the light-transmitting conductive layer 751C can be used as the
reflective film 751B (see FIG. 20C).

[0372]

For example, a film reflecting visible light may be used for the first electrode 751(i,j)
(see FIG. 20D).

[0373]

The reflective film has a shape including the region 751H where light emitted from the
second display element 550(7,j) is not blocked (see FIGS. 21A to 21C).
[0374]

For example, the reflective film can have one or more openings. Specifically, the
region 751H may have a polygonal shape, a quadrangular shape, an elliptical shape, a circular
shape, a cross-like shape, or the like. The region 751H may alternatively have a stripe shape, a
slit-like shape, or a checkered pattern.

[0375]

If the ratio of the total area of the region 751H to the total area of the reflective film is
too large, an image displayed using the first display element 750(i,j) is dark.
[0376]
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If the ratio of the total area of the region 751H to the total area of the reflective film is

too small, an image displayed using the second display element 550(7,j) is dark. The reliability
of the second display element 550(i,j) may be degraded.
[0377]

For example, the region 751H provided in the pixel 702(i,j+1) is not provided on a line
that extends in the row direction (the direction indicated by the arrow R1 in the drawing) through
the region 751H provided in the pixel 702(i,j) (see FIG. 21A). Alternatively, for example, the
region 751H provided in the pixel 702(i+1,j) is not provided on a line that extends in the column
direction (the direction indicated by the arrow C1 in the drawing) through the region 751H
provided in the pixel 702(7,j) (see FIG. 21B).

[0378]

For example, the region 751H provided in the pixel 702(7,j+2) is provided on a line that
extends in the row direction through the region 751H provided in the pixel 702(7j) (see FIG.
21A). In addition, the region 751H provided in the pixel 702(7,j+1) is provided on a line that is
perpendicular to the above line between the region 751H provided in the pixel 702(7j) and the
region 751H provided in the pixel 702(i j+2).

[0379]

Alternatively, for example, the region 751H provided in the pixel 702(i+2,j) is provided
on a line that extends in the column direction through the region 751H provided in the pixel
702(i,j) (see FIG. 21B). In addition, for example, the region 751H provided in the pixel
702(i+1,j) is provided on a line that is perpendicular to the above line between the region 751H
provided in the pixel 702(7,j) and the region 751H provided in the pixel 702(i+2,)).

[0380]

When the second display elements are provided in the above manner to overlap with the
regions where light is not blocked, the second display element of one pixel adjacent to another
pixel can be apart from a second display element of the another pixel. A display element that
displays color different from that displayed from the second display element of one pixel can be
provided as the second display element of another pixel adjacent to the one pixel. The
difficulty in arranging a plurality of display elements that represent different colors adjacent to
each other can be lowered. Thus, a novel display device with high convenience or high
reliability can be provided.

[0381]

The reflective film can have a shape in which an end portion is cut off so as to form the

region 751H (see FIG. 21C). Specifically, the reflective film can have a shape in which an end

portion is cut off so as to be shorter in the column direction (the direction indicated by the arrow
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C1 in the drawing).

[0382]
<<Second electrode 752>>

For example, a material that can be used for the wiring or the like can be used for the
second electrode 752. For example, a material that has a light-transmitting property selected
from materials that can be used for the wiring or the like can be used for the second electrode
752.

[0383]

For example, a conductive oxide, a metal film thin enough to transmit light, a metal
nanowire, or the like can be used for the second electrode 752.

[0384]

Specifically, a conductive oxide containing indium can be used for the second electrode
752. Alternatively, a metal thin film with a thickness greater than or equal to 1 nm and less
than or equal to 10 nm can be used for the second electrode 752. Alternatively, a metal
nanowire containing silver can be used for the second electrode 752.

[0385]

Specifically, indium oxide, indium tin oxide, indium zinc oxide, zinc oxide, zin¢ oxide
to which gallium is added, zinc oxide to which aluminum is added, or the like can be used for the
second electrode 752.

[0386]
<<Alignment films AF1 and AF2>>

The alignment films AF1 and AF2 can be formed using a material containing polyimide
or the like, for example. Specifically, a material formed by rubbing treatment or an optical
alignment technique such that a liquid crystal material has predetermined alignment can be used.
[0387]

For example, a film containing soluble polyimide can be used for the alignment film
AF1 or AF2. In that case, the temperature required in forming the alignment film AF1 or AF2
can be low. As a result, damage to other components caused when the alignment film AF1 or
the alignment film AF2 is formed can be reduced.

[0388]
<<Coloring film CF1>>

The coloring film CF1 can be formed using a material transmitting light of a certain
color and can thus be used for a color filter or the like.
[0389]

For example, a material that transmits blue light, green light, or red light can be used for
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the coloring film CF1. In that case, the spectral width of light that is transmitted through the

coloring film CF1 can be narrowed, so that clear display can be provided.
[0390]

Furthermore, for example, a material that absorbs blue light, green light, or red light can
be used for the coloring film CF1. Specifically, a material transmitting yellow light, magenta
light, or cyan light can be used for the coloring film CF1. In that case, the spectral width of
light that is absorbed by the coloring film CF1 can be narrowed, so that bright display can be
provided.

[0391]
<<Light-blocking film BM>>

The light-blocking film BM can be formed with a material that prevents light
transmission and can thus be used as a black matrix, for example.
[0392]

Specifically, a resin containing a pigment or dye can be used for the light-blocking film
BM. For example, a resin in which carbon black is dispersed can be used for the blocking film.
[0393]

Alternatively, an inorganic compound, an inorganic oxide, a composite oxide containing
a solid solution of a plurality of inorganic oxides, or the like can be used for the light-blocking
film BM. Specifically, a black chromium film, a film containing cupric oxide, or a film
containing copper chloride or tellurium chloride can be used for the light-blocking film BM.
[0394]
<<Insulating film 771>>

For example, a material that can be used for the insulating film 521 can be used for the
insulating film 771. The insulating film 771 can be formed of polyimide, an epoxy resin, an
acrylic resin, or the like. Alternatively, 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 layered material obtained by stacking any of these films can be used for the
insulating film 771.

[0395]
<<Functional films 770P and 770D>>

An antireflective 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,
for example.

[0396]

Specifically, a film containing a dichromatic pigment can be used for the functional film
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770P or the functional film 770D. Alternatively, a material with a columnar structure having an
axis along the direction intersecting a surface of a base can be used for the functional film 770P
or the functional film 770D. In that case, light can be easily transmitted in the direction along
the axis and easily scattered in other directions.

[0397]

Alternatively, an antistatic film preventing the attachment of a foreign substance, a
water repellent film suppressing the attachment of stain, a hard coat film suppressing a scratch in
use, or the like can be used as the functional film 770P.

[0398]

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.

[0399]
<<Second display element 550(i,j)>>

For example, a display element having a function of emitting light can be used as the
second display element 550(7j). Specifically, an organic electroluminescent element, an
inorganic electroluminescent element, a light-emitting diode, a quantum-dot LED (QDLED), or
the like can be used as the second display element 550(i,j).

[0400]

For example, a light-emitting organic compound can be used for the layer 553(j)
containing a light-emitting material.
[0401]

For example, quantum dots can be used for the layer 553(j) containing a light-emitting
material. Accordingly, the half width becomes narrow, and light of a bright color can be
emitted.

[0402]

A layered material for emitting blue light, green light, or red light can be used for the
layer 553(j) containing a light-emitting material, for example.
[0403]

For example, a belt-like layered material that extends in the column direction along the
signal line S2(j) can be used for the layer 553(j) containing a light-emitting material.
[0404]

Alternatively, a layered material for emitting white light can be used for the layer 553(5)
containing a light-emitting material. Specifically, a layered material in which a layer containing
a light-emitting material including a fluorescent material that emits blue light, and a layer

containing materials that are other than a fluorescent material and that emit green light and red
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light or a layer containing a material that is other than a fluorescent material and that emits
yellow light are stacked can be used for the layer 553(j) containing a light-emitting material.
[0405]

For example, the material that can be used for the wiring or the like can be used for the
electrode 551(i,).

[0406]

For example, a material that transmits visible light among the materials that can be used
for the wiring or the like can be used for the electrode 551(7 ).
[0407]

Specifically, conductive oxide, indium-containing conductive oxide, indium oxide,
indium tin oxide, indium zinc oxide, zinc oxide, zinc oxide to which gallium is added, or the like
can be used for the electrode 551(7,j). Alternatively, a metal film that is thin enough to transmit
light can be used as the electrode 551(7,j). Further alternatively, a metal film that transmits part
of light and reflects another part of light can be used for the electrode 551(7,j). Accordingly, the
second display element 550(7j) can have a microcavity structure. As a result, light of a
predetermined wavelength can be extracted more efficiently than light of other wavelengths.
[0408]

For example, a material that can be used for the wiring or the like can be used for the
electrode 552. Specifically, a material that reflects visible light can be used for the electrode
552.

[0409]
<<Driver circuit GD>>

Any of a variety of sequential circuits, such as a shift register, can be used as the driver
circuit GD. For example, a transistor MD, a capacitor, and the like can be used in the driver
circuit GD. Specifically, a transistor including a semiconductor film that can be formed in the
same process as the semiconductor film of the transistor M or the transistor that can be used as
the switch SW1 can be used.

[0410]

As the transistor MD, a transistor having a structure different from that of the transistor

that can be used as the switch SW1 can be used, for example.
[0411]

Note that the transistor MD can have the same structure as the transistor M.
[0412]
<<Transistor>>

For example, semiconductor films formed in the same process can be used for
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transistors in the driver circuit and the pixel circuit.
[0413]

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.
[0414]

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. Furthermore, 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 either reconstruction, a conventional manufacturing line
can be effectively used.

[0415]

For example, a transistor including a semiconductor containing an element belonging to
Group 14 for a semiconductor film can be used. Specifically, a semiconductor containing
silicon can be used for a semiconductor film. For example, single crystal silicon, polysilicon,
microcrystalline silicon, or amorphous silicon can be used for the semiconductor film of the
transistor.

[0416]

Note that the temperature for forming a transistor using polysilicon as a semiconductor
is lower than the temperature for forming a transistor using single crystal silicon as a
semiconductor.

[0417]

In addition, the transistor using polysilicon as a semiconductor has higher field-effect
mobility than the transistor using amorphous silicon as a semiconductor, and therefore a pixel
including the transistor using polysilicon can have a high aperture ratio. Moreover, pixels
arranged at high resolution, a gate driver circuit, and a source driver circuit can be formed over
the same substrate. As a result, the number of components included in an electronic device can
be reduced.

[0418]

In addition, the transistor using polysilicon as a semiconductor has higher reliability

than the transistor using amorphous silicon as a semiconductor.
[0419]
Alternatively, a transistor including a compound semiconductor can be used.

Specifically, a semiconductor containing gallium arsenide can be used for a semiconductor film.
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[0420]

Alternatively, a transistor including an organic semiconductor can be used.
Specifically, an organic semiconductor containing any of polyacenes and graphene can be used
for a semiconductor film.

[0421]

For example, a transistor using an oxide semiconductor for a semiconductor film can be
used. Specifically, an oxide semiconductor containing indium or an oxide semiconductor
containing indium, gallium, and zinc can be used for a semiconductor film. Note that the
details of the oxide semiconductor example will be described in Embodiment 4.

[0422]

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

[0423]

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 of lower than 30 Hz, preferably lower than 1 Hz,
more preferably less than once per minute while flickering is suppressed. Consequently,
eyestrain on a user of a data processing device that includes the above pixel circuit can be
reduced, and power consumption for driving can be reduced.

[0424]

For example, a transistor including a semiconductor film 508, a conductive layer 504,
the conductive layer 512A, and the conductive layer 512B can be used as the switch SW1 (see
FIG. 16B). The insulating film 506 includes a region positioned between the semiconductor
film 508 and the conductive layer 504.

[0425]

The conductive layer 504 includes a region overlapping with the semiconductor film
508. The conductive layer 504 functions as a gate electrode. The insulating film 506
functions as a gate insulating film.

[0426]

The conductive layers S12A and 512B are electrically connected to the semiconductor
film 508. The conductive layer 512A has one of a function of a source electrode and a function
of a drain electrode, and the conductive layer 512B has the other.

[0427]

Furthermore, a transistor including the conductive layer 524 can be used as the
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transistor included in the driver circuit or the pixel circuit (see FIG. 16B). The conductive layer
524 includes a region provided such that the semiconductor film 508 is positioned between the
conductive layer 504 and the conductive layer 524. The insulating film 516 includes a region
positioned between the conductive layer 524 and the semiconductor film 508. For example, the
conductive layer 524 can be electrically connected to a wiring that supplies the same potential as
that supplied to the conductive layer 504.

[0428]

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

[0429]

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

[0430]

For example, a 25-nm-thick film containing indium, gallium, and zinc can be used as
the semiconductor film 508.

[0431]

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

[0432]
<Structural example 6 of display device>

A structure of a display device of one embodiment of the present invention will be
described with reference to FIGS. 12A and 12B.
[0433]

FIGS. 12A and 12B illustrate the structure of the display device of one embodiment of
the present invention. FIG. 12A is a cross-sectional view of the pixel, which corresponds to the
cross-sectional view taken along line Y1-Y2 in FIG. 10A. FIG. 12B is a cross-sectional view

illustrating part of the structure of the pixel in FIG. 12A.
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[0434]

The structure of the display device described in this structural example is the same as
that of the display device 700 described with reference to FIGS. 11A and 11B except that a lens
580 is provided. Different portions will be described in detail below, and the above description
is referred to for the similar portions.

[0435]

The display device described in this embodiment includes the lens 580. The lens 580
includes a region positioned between the optical element 560 and the second display element
550(i,j) (see FIGS. 12A and 12B).

[0436]

The lens 580 is a convex lens that includes a material with a refractive index of 1.5 or
more and 2.5 or less.
[0437]

With such a structure, light emitted from the second display element can be gathered
toward the optical axis of the optical element, for example. Alternatively, light emitted from
the second display element can be used efficiently. The density of current flowing through the
light-emitting element can be decreased. Alternatively, the area of the second display element
can be increased. Alternatively, the reliability of the light-emitting element can be increased.
For example, an organic EL element or a light-emitting diode can be used as the light-emitting
element. Consequently, a novel display device with high convenience or high reliability can be
provided.
[0438]

For example, a plano-convex lens can be used as the lens 580.
[0439]
<<Lens 580>>

A plano-convex lens or a double-convex lens can be used as the lens 580.
[0440]

A material that transmits visible light can be used for the lens 580. Alternatively, a
material whose refractive index is greater than or equal to 1.3 and less than or equal to 2.5 can be
used for the lens 580. For example, an inorganic material or an organic material can be used for
the lens 580.

[0441]

For example, a material including an oxide or a sulfide can be used for the lens 580.

[0442]

Specifically, cerium oxide, hatnium oxide, lanthanum oxide, magnesium oxide, niobium
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oxide, tantalum oxide, titanium oxide, yttrium oxide, zinc oxide, an oxide containing indium and
tin, an oxide containing indium, gallium, and zinc, or the like can be used for the lens 580.
Alternatively, zinc sulfide or the like can be used for the lens 580.

[0443]

For example, the lens 580 can be formed using a material containing a resin.
Specifically, the lens 580 can be formed using a resin to which chlorine, bromine, or iodine is
introduced, a resin to which a heavy metal atom is introduced, a resin to which an aromatic ring
is introduced, a resin to which sulfur is introduced, or the like. Alternatively, the lens 580 can
be formed using a material containing a resin and nanoparticles of a material whose refractive
index is higher than that of the resin. Titanium oxide, zirconium oxide, or the like can be used
for the nanoparticles.

[0444]
<Structural example 7 of display device>

A structure of a display device of one embodiment of the present invention is described
with reference to FIGS. 13A and 13B.
[0445]

FIGS. 13A and 13B illustrate the structure of the display device of one embodiment of
the present invention. FIG. 13Ais a cross-sectional view of the pixel, which corresponds to the
cross-sectional view taken along line Y1-Y2 in FIG. 10A. FIG. 13B is a cross-sectional view
illustrating part of the structure of the pixel in FIG. 13A.

[0446]

The structure of the display device described in this structural example is the same as
that of the display device 700 described with reference to FIGS. 11A and 11B except that a liquid
crystal element that can operate in a guest-host liquid crystal mode is used as the first display
element 750(i,j) and that a bottom-gate transistor is used. Different portions will be described
in detail below, and the above description is referred to for the similar portions.

[0447]

The display device described in this embodiment includes a liquid crystal element that
can operate in a guest-host liquid crystal mode as the first display element 750(7j). Thus, a
reflective display device can be obtained without a polarizing plate. Furthermore, an image
displayed by the display device can be made bright.

[0448]
<<Layer 753 containing liquid crystal material>>
For example, nematic liquid crystal, thermotropic liquid crystal, low-molecular liquid

crystal, high-molecular liquid crystal, polymer dispersed liquid crystal, or the like can be used
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for the layer containing a liquid crystal material. Alternatively, a liquid crystal material which
exhibits a cholesteric phase or the like can be used. Alternatively, a liquid crystal material
which exhibits a blue phase can be used.

[0449]

Furthermore, the layer 753 containing a liquid crystal material can contain a dichromatic
colorant. Note that a liquid crystal material containing a dichroic dye is called a guest-host
liquid crystal.

[0450]

Specifically, a material that has high absorbance in the major axis direction of molecules
and low absorbance in the minor-axis direction orthogonal to the major axis direction can be
used for the dichroic dye. It is preferable to use a material with a dichroic ratio of 10 or higher,
further preferably 20 or higher for the dichroic dye.

[0451]

An azo dye, an anthraquinone dye, a dioxazine dye, or the like can be used as the
dichroic dye, for example.
[0452]

Two liquid crystal layers including dichroic dyes having homogeneous alignment that
are stacked such that their alignment directions are orthogonal to each other can be used as the
layer containing a liquid crystal material. ~With the structure, light can be easily absorbed in all
directions. Contrast can be increased.

[0453]

A phase transition guest-host liquid crystal or a structure in which a droplet containing a
guest-host liquid crystal is dispersed in a polymer can be used for the layer 753 containing a
liquid crystal material.

[0454]
<Structural example 8 of display device>

A structure of a display device of one embodiment of the present invention is described
with reference to FIGS. 14A and 14B.
[0455]

FIGS. 14A and 14B illustrate the structure of the display device of one embodiment of
the present invention. FIG. 14A is a cross-sectional view of the pixel, which corresponds to the
cross-sectional view taken along line Y1-Y2 in FIG. 10A. FIG. 14B is a cross-sectional view
illustrating part of the structure of the pixel in FIG. 14A.

[0456]

The structure of the display device described in this structural example is the same as
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that of the display device 700 described with reference to FIGS. 13A and 13B except that the

lens 580 is provided.
[0457]
<Operation example of display device>

Operation of the display device of one embodiment of the present invention is described
with reference to FIGS. 24A to 24C.
[0458]

FIGS. 24A to 24C each illustrate operation of the display device of one embodiment of
the present invention. FIG. 24A is a cross-sectional view illustrating an operation state of part
of the pixel illustrated in FIG. 11A, and FIG. 24B is a cross-sectional view illustrating an
operation state different from that in FIG. 24A. FIG. 24C is a cross-sectional view illustrating
an operation state different from that in FIG. 24A or FIG. 24B. Note that dashed arrows shown
in the drawings denote the directions in which external light is incident on and reflected by the
first display element 750(7,j). A solid arrow in the drawing denotes the direction in which the
second display element 550(7,7) emits light.

[0459]
<<Operation state 1>>

FIG. 24A illustrates an operation state in which a liquid crystal material LC is aligned in
the thickness direction of the layer 753 containing a liquid crystal material. For example, the
alignment of the liquid crystal material LC is controlled with an alignment film.

[0460]

When a circularly polarizing plate, the reflective film 751B, and a VA-IPS mode are
used, for example, a low gray level can be displayed in this operation state with no electric field
applied. In other words, operation of a normally black liquid crystal display element is
achieved.

[0461]

Although not illustrated, in the case of using the reflective film 751B and a guest-host
liquid crystal mode, for example, a high gray level can be displayed in this operation state with
no electric field applied. In other words, operation of a normally white liquid crystal display
element is achieved.

[0462]
<<Operation state 2>>

In the operation state illustrated in FIG. 24B, the second display element 550 emits light
while the liquid crystal material LC is aligned in the thickness direction of the layer 753
containing a liquid crystal material. Note that the light emitted by the second display element
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550(i,j) does not pass through the layer 753 containing a liquid crystal material but passes

through the structure body KB1.
[0463]

In the case of using a circularly polarizing plate, the reflective film 751B, and a VA-IPS
mode, for example, display can be performed with the second display element 550 while a low
gray level is displayed by the first display element 750(7,j) in this operation state with no electric
field applied. In this manner, an image can be displayed with a high contrast. Alternatively,
an image can be displayed with bright colors.

[0464]
<<QOperation state 3>>

FIG. 24C illustrates an operation state in which the liquid crystal material LC is aligned
in the direction intersecting the thickness direction of the layer 753 containing a liquid crystal
material. For example, the alignment of the liquid crystal material LC is controlled with an
electric field.

[0465]

When a circularly polarizing plate, the reflective film 751B, and a VA-IPS mode are
used, for example, a high gray level can be displayed.
[0466]

Although not illustrated, in the case of using the reflective film 751B and a guest-host
liquid crystal mode, for example, a low gray level can be displayed without a polarizing plate.
[0467]

When the electrode with a comb-like shape illustrated in FIGS. 22A and 22B and FIGS.
24A to 24C is provided, the touch sensor described in Embodiment 1 can be easily incorporated
in the first display element.

[0468]

Note that a hybrid display method is a method for displaying a plurality of lights in one
pixel or one subpixel to display a letter and/or an image. A hybrid display is an aggregate
which displays a plurality of lights in one pixel or one subpixel included in a display portion to
display a letter and/or an image.

[0469]

As an example of the hybrid display method, a method in which first light and second
light are displayed with different timings in one pixel or one subpixel can be given. At this
time, in one pixel or one subpixel, the first light and the second light having the same color tone
(any one of red, green, and blue, or any one of cyan, magenta, and yellow) can be displayed at

the same time, and a letter and/or an image can be displayed on a display portion.
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[0470]

As another example of the hybrid display method, a method in which reflected light and
self-emission light are displayed in one pixel or one subpixel can be given. Reflected light and
self-emission light (e.g., organic electroluminescent light and light emitted from a light-emitting
diode (LED)) having the same color tone can be displayed at the same time in one pixel or one
subpixel.

[0471]

Note that in a hybrid display method, a plurality of lights may be displayed in not one
pixel or one subpixel but adjacent pixels or adjacent subpixels. Furthermore, displaying first
light and second light at the same time means displaying the first light and the second light for
the same length of time to the extent that flickering is not perceived by a viewer's eye. As long
as flickering is not perceived by a viewer's eye, the display period of the first light may deviate
from the display period of the second light.

[0472]

Moreover, the hybrid display is an aggregate which includes a plurality of display
elements in one pixel or one subpixel and in which the plurality of display elements perform
display in the same period. The hybrid display includes the plurality of display elements and
active elements for driving the display elements in one pixel or one subpixel. As the active
elements, switches, transistors, thin film transistors, or the like can be given. The active
element is connected to each of the plurality of display elements, so that display of the plurality
of display elements can be individually controlled.

[0473]

In Embodiment 2, one embodiment of the present invention has been described. Other
embodiments of the present invention will be described in Embodiments 1, 3, and 4. Note that
one embodiment of the present invention is not limited to these embodiments. In other words,
various embodiments of the invention are described in in this embodiment and the other
embodiments, and one embodiment of the present invention is not limited to a particular
embodiment. Although an example in which one embodiment of the present invention is
applied to a display device is described, one embodiment of the present invention is not limited
thereto. Depending on circumstances or conditions, one embodiment of the present invention is
not necessarily applied to a display device. One embodiment of the present invention may be
applied to a semiconductor device with another function, for example. Although an example in
which a channel formation region, a source region, a drain region, and the like of a transistor
contain an oxide semiconductor is described as one embodiment of the present invention, one

embodiment of the present invention is not limited thereto. Depending on circumstances or
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conditions, various transistors or a channel formation region, a source region, a drain region, and
the like of a transistor in one embodiment of the present invention may contain a variety of
semiconductors. Depending on circumstances or conditions, various transistors or a channel
formation region, a source region, a drain region, and the like of a transistor in one embodiment
of the present invention may contain at least one of silicon, germanium, silicon germanium,
silicon carbide, gallium arsenide, aluminum gallium arsenide, indium phosphide, gallium nitride,
and an organic semiconductor, for example, or alternatively do not necessarily contain an oxide
semiconductor.

[0474]

The structure and method described in this embodiment can be implemented by being
combined as appropriate with any of the other structures and methods described in the other
embodiments.

[0475]
(Embodiment 3)

In this embodiment, the structures of a data processing device of one embodiment of the
present invention will be described with reference to FIGS. 25A to 25E and FIGS. 26A to 26E.
[0476]

FIGS. 25A to 25E and FIGS. 26A to 26E illustrate the structures of the data processing
device of one embodiment of the present invention. FIG. 25A is a block diagram of the data
processing device, and FIGS. 25B to 25E are perspective views illustrating the structures of the
data processing device. FIGS. 26A to 26E are perspective views illustrating the structures of
the data processing device.

[0477]
<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. 25A).
[0478]

The arithmetic device 5210 has a function of receiving operation data and a function of
supplying image data on the basis of the operation data.
[0479]

The input/output device 5220 includes a display portion 5230, an input portion 5240, a
sensor portion 5250, and a communication portion 5290 and has a function of supplying
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.
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[0480]

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

[0481]

Specifically, a keyboard, a hardware button, a pointing device, a touch sensor, an audio
input device, a viewpoint input device, or the like can be used as the input portion 5240.

[0482]

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

[0483]

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

[0484]

Specifically, an illuminance sensor, an imaging device, an attitude determination device,
a pressure sensor, a human motion sensor, or the like can be used as the sensor portion 5250.
[0485]

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 by wireless communication
or wired communication. Specifically, the communication portion 5290 has a function of local
area wireless communication, telephone communication, or near field wireless communication,
for example.

[0486]
<<Structural example 1 of data processing device>>

For example, the display portion 5230 can have an outer shape along a cylindrical
column (see FIG. 25B). Furthermore, the display portion 5230 has a function of changing a
displaying method in accordance with the illuminance of a usage environment and a function of
changing displayed contents when sensing the existence of a person. Thus, the data processing
device can be mounted on a column of a building, for example. Alternatively, the data
processing device can display advertisement, information, or the like. The data processing
device can be used for a digital signage or the like.

[0487]
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<<Structural 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. 25C). Specifically, it is possible to use a
display device with a diagonal of 20 inches or more, preferably 40 inches or more, further
preferably 55 inches or more. Alternatively, display devices can be arranged in one display
region. Alternatively, display devices can be arranged to be used as a multiscreen. In this case,
the data processing device can be used for an electronic blackboard, an electronic bulletin board,
a digital signage, or the like.
[0488]
<<Structural example 3 of data processing device>>

For example, the data processing device has a function of changing a displaying method
in accordance with the illuminance of a usage environment (see FIG. 25D). Thus, it is possible
to obtain a smartwatch with reduced power consumption, for example. Alternatively, it is
possible to obtain a smartwatch that can display an image such that the smartwatch is favorably
used even in an environment with intense external light, e.g., in the open air under fine weather.
[0489]
<<Structural example 4 of data processing device>>

The display portion 5230 has a surface gently curved along a side surface of a housing
(see FIG. 25E). The display portion 5230 includes a display device that has, for example, a
function of performing display on a front surface, side surfaces, and a top surface. 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.
[0490]
<<Structural example 5 of data processing device>>

For example, the data processing device has a function of changing a displaying method
in accordance with the illuminance of a usage environment (see FIG. 26A). Thus, it is possible
to obtain a smartphone with reduced power consumption. Alternatively, it is possible to obtain
a smartphone that can display an image such that the smartphone is favorably used even in an
environment with intense external light, e.g., in the open air under fine weather.
[0491]
<<Structural example 6 of data processing device>>

For example, the data processing device has a function of changing a displaying method
in accordance with the illuminance of a usage environment (see FIG. 26B). Thus, it is possible
to obtain a television system that can display an image such that the television system is

favorably used even when exposed to intense external light poured into a room in a sunny day.
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[0492]

<<Structural example 7 of data processing device>>

For example, the data processing device has a function of changing a displaying method
in accordance with the illuminance of a usage environment (see FIG. 26C). Thus, 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.
[0493]
<<Structural example 8 of data processing device>>

For example, the data processing device has a function of changing a displaying method
in accordance with the illuminance of a usage environment (see FIG. 26D). Thus, 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.

[0494]
<<Structural example 9 of data processing device>>

For example, the data processing device has a function of changing a displaying method
in accordance with the illuminance of a usage environment (see FIG. 26E). Thus, 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.

[0495]
(Embodiment 4)
[Transistor]

The transistor includes a conductive layer serving as a gate electrode, a semiconductor
layer, a conductive layer serving as a source electrode, a conductive layer serving as a drain
electrode, and an insulating layer serving as a gate insulating layer. FIGS. 13A and 13B show
the case where a bottom-gate transistor is used.

[0496]

Note that there is no particular limitation on the structure of the transistor included in
the display device of one embodiment of the present invention. For example, a planar transistor,
a staggered transistor, or an inverted staggered transistor may be used. A top-gate transistor or
a bottom-gate transistor may be used. Gate electrodes may be provided above and below a
channel.

[0497]
There is no particular limitation on the crystallinity of a semiconductor material used for

the transistors, and an amorphous semiconductor or a semiconductor having crystallinity (a
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microcrystalline semiconductor, a polycrystalline semiconductor, a single-crystal semiconductor,
or a semiconductor partly including crystal regions) may be used. It is preferable that a
semiconductor having crystallinity be used, in which case deterioration of the transistor
characteristics can be suppressed.

[0498]

As a semiconductor material used for the transistors, a metal oxide whose energy gap is
greater than or equal to 2 eV, preferably greater than or equal to 2.5 eV, further preferably greater
than or equal to 3 eV can be used. A typical example thereof is a metal oxide containing
indium, and for example, a CAC-OS described later or the like can be used.

[0499]

A transistor with a metal oxide having a larger band gap and a lower carrier density than
silicon has a low off-state current; therefore, charges stored in a capacitor that is series-connected
to the transistor can be held for a long time.

[0500]

The semiconductor layer can be, for example, a film represented by an In-M-Zn-based
oxide that contains indium, zinc, and M (a metal such as aluminum, titanium, gallium,
germanium, yttrium, zirconium, lanthanum, cerium, tin, neodymium, or hafnium).

[0501]

In the case where the metal oxide contained in the semiconductor layer contains an
In-M-Zn-based oxide, it is preferable that the atomic ratio of metal elements of a sputtering target
used for forming a film of the In-A-Zn oxide satisfy In > A and Zn > M. The atomic ratio of
metal elements in such a sputtering target is preferably, for example, In:AM:Zn = 1:1:1, In:M:Zn =
1:1:1.2, InM:Zn =3:1:2, InM:Zn = 4:2:3, InM:Zn = 4:2:4.1, In:M:Zn = 5:1:6, InM:Zn = 5:1:7,
or In:M:Zn = 5:1:8. Note that the atomic ratio of metal elements in the formed semiconductor
layer varies from the above atomic ratios of metal elements of the sputtering targets in a range of
+40 %.

[0502]

The bottom-gate transistor described in this embodiment is preferable because the
number of manufacturing steps can be reduced. When a metal oxide, which can be formed at a
lower temperature than polycrystalline silicon, is used, materials with low heat resistance can be
used for a wiring, an electrode, or a substrate below the semiconductor layer, so that the range of
choices of materials can be widened. For example, an extremely large glass substrate can be
favorably used.

[0503]

A metal oxide film with low carrier density is used as the semiconductor layer. For
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example, the semiconductor layer is a metal oxide whose carrier density is lower than or equal to
1 x 10"7/cm’, preferably lower than or equal to 1 x 10"/cm’, further preferably lower than or
equal to 1 x 10"%/cm’, still further preferably lower than or equal to 1 x 10'//cm’, even further
preferably lower than 1 x 10'%cm’, and higher than or equal to 1 x 10~/cm’. Such a metal
oxide is referred to as a highly purified intrinsic or substantially highly purified intrinsic metal
oxide. The metal oxide has a low impurity concentration and a low density of defect states and
can thus be referred to as a metal oxide having stable characteristics.

[0504]

Note that, without limitation to those described above, a material with an appropriate
composition may be used depending on required semiconductor characteristics and electrical
characteristics (e.g., field-effect mobility and threshold voltage) of a transistor. To obtain the
required semiconductor characteristics of the transistor, it is preferable that the carrier density,
the impurity concentration, the defect density, the atomic ratio between a metal element and
oxygen, the interatomic distance, the density, and the like of the semiconductor layer be set to
appropriate values.

[0505]

When silicon or carbon that is one of elements belonging to Group 14 is contained in
the metal oxide contained in the semiconductor layer, oxygen vacancies are increased in the
semiconductor layer, and the semiconductor layer becomes n-type. Thus, the concentration of
silicon or carbon (measured by secondary ion mass spectrometry) in the semiconductor layer is
lower than or equal to 2 x 10" atoms/cm’, preferably lower than or equal to 2 x 10'” atoms/cm”.
[0506]

Alkali metal and alkaline earth metal might generate carriers when bonded to a metal
oxide, in which case the off-state current of the transistor might be increased. Therefore, the
concentration of alkali metal or alkaline earth metal of the semiconductor layer, which is
measured by secondary ion mass spectrometry, is lower than or equal to 1 x 10" atoms/cm’,
preferably lower than or equal to 2 x 10*° atoms/cm’.

[0507]

When nitrogen is contained in the metal oxide contained in the semiconductor layer,
electrons serving as carriers are generated and the carrier density increases, so that the
semiconductor layer easily becomes n-type. Thus, a transistor including a metal oxide that
contains nitrogen is likely to be normally on. Hence, the concentration of nitrogen in the
semiconductor layer which is measured by secondary ion mass spectrometry is preferably lower
than or equal to 5 x 10" atoms/cm’.

[0508]
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The semiconductor layer may have a non-single-crystal structure, for example. The
non-single-crystal structure includes CAAC-OS (c-axis aligned crystalline oxide semiconductor,
or c-axis aligned a-b-plane-anchored crystalline oxide semiconductor) including a c-axis aligned
crystal, a polycrystalline structure, a microcrystalline structure, or an amorphous structure, for
example. Among the non-single-crystal structures, an amorphous structure has the highest
density of defect states, whereas CAAC-OS has the lowest density of defect states.

[0509]

A metal oxide film having an amorphous structure has disordered atomic arrangement
and no crystalline component, for example. Alternatively, an oxide film having an amorphous
structure has, for example, an absolutely amorphous structure and no crystal part.

[0510]

Note that the semiconductor layer may be a mixed film including two or more of the
following: a region having an amorphous structure, a region having a microcrystalline structure,
a region having a polycrystalline structure, a region of CAAC-OS, and a region having a
single-crystal structure. The mixed film has, for example, a single-layer structure or a
stacked-layer structure including two or more of the above-described regions in some cases.
[0511]
<Composition of CAC-OS>

Described below is the composition of a cloud-aligned composite oxide semiconductor
(CAC-0OS) applicable to a transistor disclosed in one embodiment of the present invention.
[0512]

In this specification and the like, a metal oxide means an oxide of metal in a broad sense.
Metal oxides are classified into an oxide insulator, an oxide conductor (including a transparent
oxide conductor), an oxide semiconductor (also simply referred to as an OS), and the like. For
example, a metal oxide used in an active layer of a transistor is called an oxide semiconductor in
some cases. In other words, an OS FET is a transistor including a metal oxide or an oxide
semiconductor.

[0513]

In this specification, a metal oxide in which regions functioning as a conductor and
regions functioning as a dielectric are mixed and which functions as a semiconductor as a whole
is defined as a CAC-OS or a CAC-metal oxide.

[0514]

The CAC-OS has, for example, a composition in which elements included in an oxide

semiconductor are unevenly distributed. Materials including unevenly distributed elements

each have a size of greater than or equal to 0.5 nm and less than or equal to 10 nm, preferably
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greater than or equal to 0.5 nm and less than or equal to 3 nm, or a similar size. Note that in the
following description of an oxide semiconductor, a state in which one or more elements are
unevenly distributed and regions including the element(s) are mixed is referred to as a mosaic
pattern or a patch-like pattern. The region has a size of greater than or equal to 0.5 nm and less
than or equal to 10 nm, preferably greater than or equal to 0.5 nm and less than or equal to 3 nm,
or a similar size.

[0515]

The physical properties of a region including an unevenly distributed element are
determined by the properties of the element. For example, a region including an unevenly
distributed element which relatively tends to serve as an insulator among elements included in a
metal oxide serves as a dielectric region. In contrast, a region including an unevenly distributed
element which relatively tends to serve as a conductor among elements included in a metal oxide
serves as a conductive region. A material in which conductive regions and dielectric regions
are mixed to form a mosaic pattern serves as a semiconductor.

[0516]

That is, a metal oxide in one embodiment of the present invention is a kind of matrix
composite or metal matrix composite, in which materials having different physical properties are
mixed.

[0517]

Note that an oxide semiconductor preferably contains at least indium. In particular,
indium and zinc are preferably contained. In addition, an element A (M is one or more of
gallium, aluminum, silicon, boron, yttrium, copper, vanadium, beryllium, titanium, iron, nickel,
germanium, zirconium, molybdenum, lanthanum, cerium, neodymium, hafnium, tantalum,
tungsten, magnesium, and the like) may be contained.

[0518]

For example, of the CAC-OS, an In-Ga-Zn oxide with the CAC composition (such an
In-Ga-Zn oxide may be particularly referred to as CAC-IGZO) has a composition in which
materials are separated into indium oxide (InOy;, where X/ is a real number greater than 0) or
indium zinc oxide (Iny,Zny,O,, where X2, Y2, and Z2 are real numbers greater than 0), and
gallium oxide (GaOys;, where X3 is a real number greater than 0) or gallium zinc oxide
(GayxsZny 0z, where X4, Y4, and Z4 are real numbers greater than 0), and a mosaic pattern is
formed. Then, InOx; or Inx2Zny,Oz, forming the mosaic pattern is evenly distributed in the film.
This composition is also referred to as a cloud-like composition.

[0519]

That is, the CAC-OS is a composite oxide semiconductor with a composition in which a
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region including GaOy; as a main component and a region including Iny;Zny,0; or InOy; as a
main component are mixed. Note that in this specification, for example, when the atomic ratio
of In to an element M in a first region is greater than the atomic ratio of In to an element A in a
second region, the first region has higher In concentration than the second region.

[0520]

Note that a compound including In, Ga, Zn, and O is also known as IGZO. Typical
examples of IGZO include a crystalline compound represented by InGaOs(ZnO),,; (m! is a
natural number) and a crystalline compound represented by In-0Gag—0O3(Zn0)u (-1 <x0 <
1; m0 is a given number).

[0521]

The above crystalline compounds have a single crystal structure, a polycrystalline
structure, or a CAAC structure. Note that the CAAC structure is a crystal structure in which a
plurality of IGZO nanocrystals have c-axis alignment and are connected in the a-b plane
direction without alignment.

[0522]

On the other hand, the CAC-OS relates to the material composition of an oxide
semiconductor. In a material composition of a CAC-OS including In, Ga, Zn, and O,
nanoparticle regions including Ga as a main component are observed in part of the CAC-OS and
nanoparticle regions including In as a main component are observed in part thereof. These
nanoparticle regions are randomly dispersed to form a mosaic pattern. Therefore, the crystal
structure 1s a secondary element for the CAC-OS.

[0523]

Note that in the CAC-0OS, a stacked-layer structure including two or more films with
different compositions is not included. For example, a two-layer structure of a film including
In as a main component and a film including Ga as a main component is not included.

[0524]

A boundary between the region including GaOyxs as a main component and the region
including Iny,Zny,Oz, or InOy; as a main component is not clearly observed in some cases.
[0525]

In the case where one or more of aluminum, silicon, boron, yttrium, copper, vanadium,
beryllium, titanium, iron, nickel, germanium, zirconium, molybdenum, lanthanum, cerium,
neodymium, hafnium, tantalum, tungsten, magnesium, and the like are contained instead of
gallium in a CAC-OS, nanoparticle regions including the selected element(s) as a main
component(s) are observed in part of the CAC-OS and nanoparticle regions including In as a

main component are observed in part thereof, and these nanoparticle regions are randomly
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dispersed to form a mosaic pattern in the CAC-OS.

[0526]
<Analysis of CAC-OS>

Next, measurement results of an oxide semiconductor over a substrate by a variety of

methods are described.
[0527]
<<Structure of samples and formation method thereof>>

Nine samples of one embodiment of the present invention are described below. The
samples are formed at different substrate temperatures and with different ratios of an oxygen gas
flow rate in formation of the oxide semiconductor. Note that each sample includes a substrate
and an oxide semiconductor over the substrate.

[0528]

A method for forming the samples is described.
[0529]

A glass substrate is used as the substrate. Over the glass substrate, a 100-nm-thick
In-Ga-Zn oxide is formed as an oxide semiconductor with a sputtering apparatus. The
formation conditions are as follows: the pressure in a chamber is 0.6 Pa, and an oxide target
(with an atomic ratio of In:Ga:Zn =4:2:4.1) is used as a target. The oxide target provided in the
sputtering apparatus is supplied with an AC power of 2500 W.

[0530]

As for the conditions in the formation of the oxide of the nine samples, the substrate
temperature is set to a temperature that is not increased by intentional heating (hereinafter such a
temperature is also referred to as room temperature or R.T.), to 130 °C, and to 170 °C. The
ratio of a flow rate of an oxygen gas to a flow rate of a mixed gas of Ar and oxygen (also
referred to as an oxygen gas flow rate ratio) is set to 10 %, 30 %, and 100 %.

[0531]
<<Analysis by X-ray diffraction>>

In this section, results of X-ray diffraction (XRD) measurement performed on the nine
samples are described. As an XRD apparatus, D8 ADVANCE manufactured by Bruker AXS is
used. The conditions are as follows: scanning is performed by an out-of-plane method at 826,
the scanning range is 15 deg. to 50 deg., the step width is 0.02 deg., and the scanning speed is 3.0
deg./min.

[0532]
FIG. 27 shows XRD spectra measured by an out-of-plane method. In FIG. 27, the top

row shows the measurement results of the samples formed at a substrate temperature of 170 °C;
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the middle row shows the measurement results of the samples formed at a substrate temperature
of 130 °C; and the bottom row shows the measurement results of the samples formed at a
substrate temperature of R.T. The left column shows the measurement results of the samples
formed with an oxygen gas flow rate ratio of 10 %; the middle column shows the measurement
results of the samples formed with an oxygen gas flow rate ratio of 30 %; and the right column
shows the measurement results of the samples formed with an oxygen gas flow rate ratio of 100
%.

[0533]

In the XRD spectra shown in FIG. 27, the higher the substrate temperature at the time of
formation is or the higher the oxygen gas flow rate ratio at the time of formation is, the higher
the intensity of the peak at around 26=31°1s. Note that it is found that the peak at around 26 =
31° is derived from a crystalline IGZO compound whose c-axes are aligned in a direction
substantially perpendicular to a formation surface or a top surface of the crystalline IGZO
compound (such a compound is also referred to as c-axis aligned crystalline (CAAC) IGZO).
[0534]

As shown in the XRD spectra in FIG. 27, as the substrate temperature at the time of
formation is lower or the oxygen gas flow rate ratio at the time of formation is lower, a peak
becomes less clear. Accordingly, it is found that there are no alignment in the a-b plane
direction and c-axis alignment in the measured areas of the samples that are formed at a lower
substrate temperature or with a lower oxygen gas flow rate ratio.

[0535]
<<Analysis with electron microscope>>

This section describes the observation and analysis results of the samples formed at a
substrate temperature of R.T. and with an oxygen gas flow rate ratio of 10 % with a high-angle
annular dark-field scanning transmission electron microscope (HAADF-STEM). An image
obtained with an HAADF-STEM is also referred to as a TEM image.

[0536]

Described are the results of image analysis of plan-view images and cross-sectional
images obtained with an HAADF-STEM (also referred to as plan-view TEM images and
cross-sectional TEM images, respectively). The TEM images are observed with a spherical
aberration corrector function. The HAADF-STEM images are obtained using an atomic
resolution analytical electron microscope JEM-ARM200F manufactured by JEOL Ltd. under the
following conditions: the acceleration voltage is 200 kV, and irradiation with an electron beam
with a diameter of approximately 0.1 nm is performed.

[0537]
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FIG. 28A is a plan-view TEM image of the sample formed at a substrate temperature of
R.T. and with an oxygen gas flow rate ratio of 10 %. FIG. 28B is a cross-sectional TEM image
of the sample formed at a substrate temperature of R.T. and with an oxygen gas flow rate ratio of
10 %.

[0538]
<<Analysis of electron diffraction patterns>>

This section describes electron diffraction patterns obtained by irradiation of the sample
formed at a substrate temperature of R.T. and an oxygen gas flow rate ratio of 10 % with an
electron beam with a probe diameter of 1 nm (also referred to as a nanobeam).

[0539]

Electron diffraction patterns of points indicated by black dots al, a2, a3, a4, and a5 in
the plan-view TEM image in FIG. 28A of the sample formed at a substrate temperature of R.T.
and an oxygen gas flow rate ratio of 10 % are observed. Note that the electron diffraction
patterns are observed while electron beam irradiation is performed at a constant rate for 35
seconds. FIGS. 28C, 28D, 28E, 28F, and 28G show the results of the points indicated by the
black dots al, a2, a3, a4, and a5, respectively.

[0540]

In FIGS. 28C, 28D, 28E, 28F, and 28G, regions with high luminance in a circular (ring)
pattern can be shown. Furthermore, a plurality of spots can be shown in a ring-like shape.
[0541]

Electron diffraction patterns of points indicated by black dots b1, b2, b3, b4, and b5 in
the cross-sectional TEM image in FIG. 28B of the sample formed at a substrate temperature of
R.T. and an oxygen gas flow rate ratio of 10 % are observed. FIGS. 28H, 28I, 28], 28K, and
28L show the results of the points indicated by the black dots b1, b2, b3, b4, and b5, respectively.
[0542]

In FIGS. 28H, 28I, 28], 28K, and 28L, regions with high luminance in a ring pattern can
be shown. Furthermore, a plurality of spots can be shown in a ring-like shape.

[0543]

For example, when an electron beam with a probe diameter of 300 nm is incident on a
CAAC-OS including an InGaZnO4 crystal in a direction parallel to the sample surface, a
diffraction pattern including a spot derived from the (009) plane of the InGaZnO, crystal is
obtained. That is, the CAAC-OS has c-axis alignment and the c-axes are aligned in the
direction substantially perpendicular to the formation surface or the top surface of the CAAC-OS.
Meanwhile, a ring-like diffraction pattern is shown when an electron beam with a probe diameter

of 300 nm is incident on the same sample in a direction perpendicular to the sample surface.
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That is, it is found that the CAAC-OS has neither a-axis alignment nor b-axis alignment.

[0544]

Furthermore, a diffraction pattern like a halo pattern is observed when an oxide
semiconductor including a nanocrystal (a nanocrystalline oxide semiconductor (nc-OS)) is
subjected to electron diffraction using an electron beam with a large probe diameter (e.g., 50 nm
or larger). Meanwhile, bright spots are shown in a nanobeam electron diffraction pattern of the
nc-OS obtained using an electron beam with a small probe diameter (e.g., smaller than 50 nm).
Furthermore, in a nanobeam electron diffraction pattern of the nc-OS, regions with high
luminance in a circular (ring) pattern are shown in some cases. Also in a nanobeam electron
diffraction pattern of the nc-OS, a plurality of bright spots are shown in a ring-like shape in some
cases.

[0545]

The electron diffraction pattern of the sample formed at a substrate temperature of R.T.
and with an oxygen gas flow rate ratio of 10 % has regions with high luminance in a ring pattern
and a plurality of bright spots appear in the ring-like pattern. Accordingly, the sample formed
at a substrate temperature of R.T. and with an oxygen gas flow rate ratio of 10 % exhibits an
electron diffraction pattern similar to that of the nc-OS and does not show alignment in the plane
direction and the cross-sectional direction.

[0546]

According to what is described above, an oxide semiconductor formed at a low
substrate temperature or with a low oxygen gas flow rate ratio is likely to have characteristics
distinctly different from those of an oxide semiconductor film having an amorphous structure
and an oxide semiconductor film having a single crystal structure.

[0547]
<<Elementary analysis>>

This section describes the analysis results of elements included in the sample formed at
a substrate temperature of R.T. and with an oxygen gas flow rate ratio of 10 %. For the analysis,
by energy dispersive X-ray spectroscopy (EDX), EDX mapping images are obtained. An
energy dispersive X-ray spectrometer AnalysisStation JED-2300T manufactured by JEOL Ltd. is
used as an elementary analysis apparatus in the EDX measurement. A Si drift detector is used
to detect an X-ray emitted from the sample.

[0548]

In the EDX measurement, an EDX spectrum of a point is obtained in such a manner that
electron beam irradiation is performed on the point in a detection target region of a sample, and
the energy of characteristic X-ray of the sample generated by the irradiation and its frequency are
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measured. In this embodiment, peaks of an EDX spectrum of the point are attributed to
electron transition to the L shell in an In atom, electron transition to the K shell in a Ga atom, and
electron transition to the K shell in a Zn atom and the K shell in an O atom, and the proportions
of the atoms in the point are calculated. An EDX mapping image indicating distributions of
proportions of atoms can be obtained through the process in an analysis target region of a
sample.

[0549]

FIGS. 29A to 29C show EDX mapping images in a cross section of the sample formed
at a substrate temperature of R. T. and with an oxygen gas flow rate ratio of 10 %. FIG. 29A
shows an EDX mapping image of Ga atoms. The proportion of the Ga atoms in all the atoms is
1.18 atomic% to 18.64 atomic%. FIG. 29B shows an EDX mapping image of In atoms. The
proportion of the In atoms in all the atoms is 9.28 atomic% to 33.74 atomic%. FIG. 29C shows
an EDX mapping image of Zn atoms. The proportion of the Zn atoms in all the atoms is 6.69
atomic% to 24.99 atomic%. FIGS. 29A to 29C show the same region in the cross section of the
sample formed at a substrate temperature of R.T. and with an oxygen gas flow rate ratio of 10 %.
In the EDX mapping images, the proportion of an element is indicated by gray scale: the more
measured atoms exist in a region, the brighter the region is; the less measured atoms exist in a
region, the darker the region is. The magnification of the EDX mapping images in FIGS. 29A
to 29C is 7200000 times.

[0550]

The EDX mapping images in FIGS. 29A to 29C show relative distribution of brightness
indicating that each element has a distribution in the sample formed at a substrate temperature of
R.T. and with an oxygen gas flow rate ratio of 10 %. Areas surrounded by solid lines and areas
surrounded by dashed lines in FIGS. 29A to 29C are examined.

[0551]

In FIG. 29A, a relatively dark region occupies a large area in the area surrounded by the
solid line, while a relatively bright region occupies a large area in the area surrounded by the
dashed line. In FIG. 29B, a relatively bright region occupies a large area in the area surrounded
by the solid line, while a relatively dark region occupies a large area in the area surrounded by
the dashed line.

[0552]

That is, the areas surrounded by the solid lines are regions including a relatively large
number of In atoms and the areas surrounded by the dashed lines are regions including a
relatively small number of In atoms. In FIG. 29C, the right portion of the area surrounded by

the solid line is relatively bright and the left portion thereof is relatively dark. Thus, the area
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surrounded by the solid line is a region including Iny,Zny,0z,, InOy;, or the like as a main
component.
[0553]

The area surrounded by the solid line is a region including a relatively small number of
Ga atoms and the area surrounded by the dashed line is a region including a relatively large
number of Ga atoms. In FIG. 29C, the upper left portion of the area surrounded by the dashed
line is relatively bright and the lower right portion thereof is relatively dark. Thus, the area
surrounded by the dashed line is a region including GaOy;s, GayZny,Ozy, or the like as a main
component.

[0554]

Furthermore, as shown in FIGS. 29A to 29C, the In atoms are relatively more uniformly
distributed than the Ga atoms, and regions including InOx; as a main component are seemingly
joined to each other through a region including Inx,Zny,0z, as a main component. Thus, the
regions including Iny,Zny,0;; and InOy; as main components extend like a cloud.

[0555]

An In-Ga-Zn oxide having a composition in which the regions including GaOy; or the
like as a main component and the regions including Inx;Zny;Oz, or InOy; as a main component
are unevenly distributed and mixed can be referred to as a CAC-OS.

[0556]

The crystal structure of the CAC-OS includes an nc¢ structure. In an electron
diffraction pattern of the CAC-OS with the nc structure, several or more bright spots appear in
addition to bright sports derived from IGZO including a single crystal, a polycrystal, or a CAAC.
Alternatively, the crystal structure is defined as having high luminance regions appearing in a
ring pattern in addition to the several or more bright spots.

[0557]

As shown in FIGS. 29A to 29C, each of the regions including GaOy; or the like as a
main component and the regions including Inx>Zny;07, or InOy; as a main component has a size
of greater than or equal to 0.5 nm and less than or equal to 10 nm, or greater than or equal to 1
nm and less than or equal to 3 nm. Note that it is preferable that a diameter of a region
including each element as a main component be greater than or equal to 1 nm and less than or
equal to 2 nm in the EDX mapping images.

[0558]

As described above, the CAC-OS has a structure different from that of an IGZO

compound in which metal elements are evenly distributed, and has characteristics different from

those of the IGZO compound. That is, in the CAC-OS, regions including GaOy; or the like as a
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main component and regions including Iny,Zny,0; or InOy; as a main component are separated
to form a mosaic pattern.
[0559]

The conductivity of a region including Iny,Zny,Oz, or InOy; as a main component is
higher than that of a region including GaOys; or the like as a main component. In other words,
when carriers flow through regions including Inx,Zny,Oz; or InOx; as a main component, the
conductivity of an oxide semiconductor is exhibited. Accordingly, when regions including
Iny:Zny;0z; or InOy; as a main component are distributed in an oxide semiconductor like a cloud,
a high field-effect mobility (1) can be achieved.

[0560]

In contrast, the insulating property of a region including GaOy; or the like as a main
component is higher than that of a region including Iny,Zny,Oz, or InOy; as a main component.
In other words, when regions including GaOxs; or the like as a main component are distributed in
an oxide semiconductor, leakage current can be suppressed and favorable switching operation
can be achieved.

[0561]

Accordingly, when a CAC-OS is used for a semiconductor element, the insulating
property derived from GaOyxs or the like and the conductivity derived from Iny,Zny,Oz; or InOx;
complement each other, whereby a high on-state current (Ion) and a high field-effect mobility (u)
can be achieved.

[0562]

A semiconductor element including a CAC-OS has high reliability. Thus, the CAC-OS
is suitably used in a variety of semiconductor devices typified by a display.
[0563]

Since a transistor including a CAC-OS in a semiconductor layer has high field-effect
mobility and high driving capability, the use of the transistor in a driver circuit, a typical example
of which is a gate line driver circuit that generates a gate signal, allows a display device to have a
narrow bezel. Furthermore, the use of the transistor in a signal line driver circuit (particularly
in a demultiplexer connected to an output terminal of a shift register included in a signal line
driver circuit) that is included in a display device and supplies a signal from a signal line can
reduce the number of wirings connected to the display device.

[0564]

Furthermore, the transistor including a CAC-OS in the semiconductor layer does not

need a laser crystallization step like a transistor including low-temperature polysilicon. Thus,

the manufacturing cost of a display device can be reduced, even when the display device is
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formed using a large substrate. In addition, when the transistor including a CAC-OS in the
semiconductor layer is used for a driver circuit and a display portion in a large display device
having high resolution such as ultra high definition ("4K resolution", "4K2K", and "4K") or
super high definition ("8K resolution", "8K4K", and "8K"), writing can be performed in a short
time, and display defects can be reduced, which is preferable.

[0565]

Alternatively, silicon may be used as a semiconductor in which a channel of a transistor
is formed. Although amorphous silicon may be used as silicon, silicon having crystallinity is
particularly preferable. For example, microcrystalline silicon, polycrystalline silicon, single
crystal silicon, or the like is preferably used. In particular, polycrystalline silicon can be formed
at a lower temperature than single crystal silicon and has a higher field effect mobility and higher
reliability than amorphous silicon.

[0566]

The bottom-gate transistor described in this embodiment is preferable because the
number of manufacturing steps can be reduced. When amorphous silicon, which can be formed
at a lower temperature than polycrystalline silicon, is used for the semiconductor layer, materials
with low heat resistance can be used for a wiring, an electrode, or a substrate below the
semiconductor layer, resulting in wider choice of materials. For example, an extremely large
glass substrate can be favorably used. Meanwhile, the top-gate transistor is preferable because
an impurity region is easily formed in a self-aligned manner and variation in characteristics can
be reduced. The top-gate transistor is particularly preferable when polycrystalline silicon,
single-crystal silicon, or the like is employed.

[0567]
At least part of this embodiment can be implemented in combination with any of the

other embodiments described in this specification as appropriate.

REFERENCE NUMERALS

[0568]

ACF1: conductive material, ADD: wiring, AF1: alignment film, AF2: alignment film, ANO:
wiring, BM: light-blocking film, C11: capacitor, C12: capacitor, CF1: coloring film, COM:
wiring, COM-Rx: wiring, COM-Tx: wiring, CSCOM: wiring, CTRL: wiring, G1: scan line, G2:
scan line, GVSS: wiring, KB1: structure body, L1: visible light, L2: light, ND1: wiring, ND2:
wiring, ND3: wiring, R1: arrow, S1: signal line, S2: signal line, SD1: driver circuit, SD2: driver
circuit, SW1: switch, SW2: switch, V11: data, V12: data, VCOM1: wiring, VCOM2: conductive
layer, 10: display device, 11: substrate, 12: substrate, 13: FPC, 14: conductive layer, 20: liquid
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crystal element, 21: conductive layer, 21a: conductive layer, 21b: conductive layer, 22:
conductive layer, 22a: conductive layer, 22b: conductive layer, 22¢: conductive layer, 23: liquid
crystal, 24: insulating layer, 31: coloring film, 61: gate driver, 61a: decoder, 61b: selection circuit,
61c: shift register, 61d: switch, 61e: switch, 61f: switch, 61g: buffer, 61h: switch, 62: receiver
circuit, 63: touch sensor, 64: pixel, 64a: selection transistor, 64b: capacitor, 64c¢: liquid crystal
display element, 64d: contact, 64e: contact, 64f: common electrode, 64g: contact, 64h: wiring, 65:
scan line, 66: signal line, 67: capacitor, 68: pixel electrode, 200: liquid crystal display device,
201: display portion, 202: gate line driver circuit, 203: pixel, 231: display region, 305a:
connection portion, 307a: liquid crystal element, 307b: liquid crystal element, 311: substrate, 312:
insulating layer, 313: insulating layer, 315: insulating layer, 317: insulating layer, 319: insulating
layer, 331: conductive layer, 333: conductive layer, 335: conductive layer, 341: coloring film,
343: light-blocking film, 345: insulating layer, 347: spacer, 349: liquid crystal, 351: conductive
layer, 352: conductive layer, 352a: wiring, 353: insulating layer, 361: substrate, 365: adhesive
layer, 367: connector, 368: IC, 369: FPC, 370a: transistor, 372: polysilicon film, 373: conductive
layer, 374a: conductive layer, 374b: conductive layer, 380a: transistor, S01B: insulating film,
501C: insulating film, 504: conductive layer, 505: bonding layer, 506: insulating film, 508:
semiconductor film, 511B: conductive layer, 5S12A: conductive layer, 512B: conductive layer,
516: insulating film, 518: insulating film, 518A: insulating film, 5S18A1: insulating film, S18A2:
insulating film, 518B: insulating film, 519B: terminal, 520: functional layer, 521: insulating film,
521A: insulating film, 521B: insulating film, 521C: insulating film, 522: connection portion, 524:
conductive layer, 528: insulating film, 530: pixel circuit, 550: display element, 551: electrode,
552: electrode, 553: layer containing a light-emitting material, 560: optical element, S60A:
region, 560B: region, 560C: region, 565: covering film, 570: substrate, 580: lens, 591A: opening,
592B: opening, 700: display device, 700B: display device, 702: pixel, 703: pixel, 705: sealing
material, 720: functional layer, 750: display element, 751: first electrode, 751A: conductive layer,
751B: reflective film, 751C: conductive layer, 751H: region, 752: second electrode, 753: layer
containing a liquid crystal material, 770: substrate, 770D: functional film, 770P: functional film,
770PA: functional film, 770PB: functional film, 771: insulating film, 771A: insulating film,
771B: insulating film, 5200B: data processing device, 5210: arithmetic device, 5220:
input/output device, 5230: display portion, 5240: input portion, 5250: sensor portion, 5290:

communication portion

This application is based on Japanese Patent Application Serial No. 2016-207008 filed
with Japan Patent Office on October 21, 2016, the entire contents of which are hereby

incorporated by reference.

90



10

15

20

25

30

35

WO 2018/073690 PCT/IB2017/056240

Sensors,

CLAIMS

1. A display device comprising:
a gate driver;

a plurality of touch sensors; and
a plurality of wirings,

wherein the plurality of wirings are respectively connected to the plurality of touch

wherein the gate driver is configured to supply a scan signal to the plurality of wirings

at the same timing, and

wherein the plurality of touch sensors in different positions are configured to sense a

plurality of touches at the same timing.

2. The display device according to claim 1, further comprising a pixel,
wherein the pixel comprises a first display element, and

wherein the first display element is a transmissive liquid crystal element.

3. The display device according to claim 1, further comprising a pixel,
wherein the pixel comprises a first display element, and

wherein the first display element is a reflective liquid crystal element.

4. The display device according to claim 3,
wherein the pixel comprises the first display element and a second display element,
wherein the first display element is configured to reflect visible light, and

wherein the second display element is configured to emit visible light.

5. The display device according to claim 4, wherein the second display element is a

light-emitting element.

6. The display device according to claim 4, wherein an image is displayed with one or

both of first light reflected by the first display element and second light emitted by the second

display element.

7. The display device according to claim 1, further comprising a transistor, wherein the

transistor comprises polysilicon in a semiconductor layer.
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8. The display device according to claim 1, further comprising a transistor, wherein the

transistor comprises a metal oxide in a semiconductor layer.

9. A display device comprising:

a display region; and

a gate driver,

wherein the display region comprises a pixel, a plurality of touch sensors, a plurality of
scan lines, and a plurality of touch wirings,

wherein the plurality of scan lines are respectively connected to the plurality of touch
Sensors,

wherein the plurality of touch wirings are respectively connected to the plurality of
touch sensors,

wherein the gate driver is configured to supply a first scan signal to the plurality of scan
lines, and

wherein the gate driver is configured to supply a second scan signal for sensing a touch

to the plurality of touch wirings.

10. The display device according to claim 9,
wherein the pixel comprises a first display element, and

wherein the first display element is a transmissive liquid crystal element.

11. The display device according to claim 9,
wherein the pixel comprises a first display element, and

wherein the first display element is a reflective liquid crystal element.

12. The display device according to claim 11,
wherein the pixel comprises the first display element and a second display element,
wherein the first display element is configured to reflect visible light, and

wherein the second display element is configured to emit visible light.

13. The display device according to claim 12, wherein the second display element is a

light-emitting element.

14. The display device according to claim 12, wherein an image is displayed with one or
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both of first light reflected by the first display element and second light emitted by the second

display element.

15. The display device according to claim 12, further comprising a transistor in the pixel,

wherein the transistor comprises polysilicon in a semiconductor layer.

16. The display device according to claim 12, further comprising a transistor in the pixel,

wherein the transistor comprises a metal oxide in a semiconductor layer.
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& JP 2014-186537 A

The claims can be grouped into two inventions as explained below:

(Invention 1) claims 1-8

Claims 1-8 include “the gate driver is configured to supply a scan
signal to the plurality of wirings at the same timing” and “the
plurality of touch sensors in different positions are configured to
sense a plurality of touches at the same timing” as a special technical
feature, thus they are grouped into Invention 1.

(Invention 2) claims 9-16
Claims 9-16 and claim 1 in invention 1 include a common technical
feature, i.e., "Adisplaydevice comprising: a gatedriver, aplurality
of touch sensors, and a plurality of wirings, wherein the plurality
of wirings are respectively connected to the plurality of touch
sensors”. However the said technical feature does not make any
contribution over the prior art in light of disclosure of document
D1, and therefore does not constitute a special technical feature.
In addition, claims 9-16 and claim 1 involve no other same or
corresponding special technical features.

Further, claims 9-16 are not dependent claims of claim 1. Those claims
9-16 are neither substantially identical, nor similarly closely
related, with any claim grouped into Invention 1.

Therefore, claims 9-16 cannot be grouped into Invention 1.

Then, claims 9-16 include "the gate driver is configured to supply
a first scan signal to the plurality of scan lines" and “the gate driver
is configured to supply a second scan signal for sensing a touch to
the plurality of touch wiring” as a special technical feature, thus
they are grouped into Invention 2.
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