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DISPLAY PANEL, DISPLAY DEVICE,
INPUT/OUTPUT DEVICE, AND DATA
PROCESSING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] Embodiments of the present invention relate to a
display panel, a display device, an input/output device, and
a data processing device.

[0002] Note that one embodiment of the present invention
is not limited to the above technical field. The technical field
of one embodiment of the invention disclosed in this speci-
fication and the like relates to an object, a method, or a
manufacturing method. One embodiment of the present
invention relates to a process, a machine, manufacture, or a
composition of matter. Specifically, examples of the techni-
cal field of one embodiment of the present invention dis-
closed in this specification include a semiconductor device,
a display device, a light-emitting device, a power storage
device, a memory device, a method for driving any of them,
and a method for manufacturing any of them.

2. Description of the Related Art

[0003] The following liquid crystal display devices are
known: a liquid crystal display device in which a light-
condensing means and a pixel electrode are provided on the
same surface side of a substrate and a region transmitting
visible light in the pixel electrode is provided to overlap with
an optical axis of the light-condensing means; and a liquid
crystal display device that includes an anisotropic light-
condensing means having a condensing direction X and a
non-condensing direction Y that is along the longitudinal
direction of a region transmitting visible light in the pixel
electrode (Patent Document 1).

[0004] The structure is known in which a region that
reflects incident light through a liquid crystal layer to
perform display (reflective region) and a region through
which light from a backlight passes to perform display
(transmissive region) are provided in one pixel, and an
image can be displayed in both modes: the reflective mode
where external light is used as an illumination light source;
and the transmissive mode where the backlight is used as an
illumination light source (Patent Document 2). In addition,
two transistors connected to respective pixel electrode layers
are provided in one pixel, and the two transistors are
separately operated, whereby display in the reflective region
and display in the transmissive region can be controlled
independently.

REFERENCE
[0005] [Patent Document]
[0006] [Patent Document 1] Japanese Published Patent

Application No. 2011-191750
[0007] [Patent Document 2] Japanese Published Patent
Application No. 2011-154356

SUMMARY OF THE INVENTION

[0008] An object of one embodiment of the present inven-
tion is to provide a novel display panel with high conve-
nience or high reliability. Another object is to provide a
novel display device with high convenience or high reliabil-
ity. Another object is to provide a novel input/output device
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with high convenience or high reliability. Another object is
to provide a novel data processing device with high conve-
nience or high reliability. Another object is to provide a
novel display panel, a novel display device, a novel input/
output device, a novel data processing device, or a novel
semiconductor device.

[0009] Note that the description of these objects does 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 draw-
ings, the claims, and the like.

[0010] (1) One embodiment of the present invention is a
display panel including a pixel.

[0011] The pixel includes a functional layer, a first display
element, and a second display element.

[0012] The functional layer includes a pixel circuit and
includes a region positioned between the first display ele-
ment and the second display element.

[0013] The pixel circuit is electrically connected to the
first display element and the second display element.
[0014] The first display element includes a reflective film
and is configured to control intensity of light reflected by the
reflective film. The reflective film has a shape that does not
block light emitted from the second display element.
[0015] The second display element includes a light-emit-
ting element 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 can be seen.
Note that a light-emitting diode can be used as the second
display element.

[0016] 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 a light-emitting diode as the second display element.
Consequently, a novel display panel with high convenience
or high reliability can be provided.

[0017] (2) Another embodiment of the present invention is
the above display panel in which the pixel includes an
optical element and a covering film.

[0018] The optical element has a light-transmitting prop-
erty and includes a first region, a second region, and a third
region.

[0019] The first region includes a region to which light is
supplied, the second region includes a region in contact with
the covering film, and the third region is configured to emit
part of the light and has an area smaller than or equal to an
area of the region of the first region to which the light is
supplied.

[0020] The covering film has light reflectivity and is
configured to reflect the part of the light and supply the part
of the light to the third region.

[0021] The reflective film has a shape that does not block
light emitted from the third region of the optical element.

[0022] The second display element is configured to supply
the light.
[0023] (3) Another embodiment of the present invention is

the above display panel in which the optical element has an
optical axis.

[0024] The optical axis passes through a center of a region
of the first region to which the light is supplied and a center
of the third region. The second region includes an inclined
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portion with an inclination of 45° or more with respect to a
plane orthogonal to the optical axis.

[0025] 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, an area of the light-emitting diode used as the
second display element can be larger than an area of the third
region. Alternatively, light supplied from the light-emitting
diode having an area larger than the area of the third region
can be gathered in the third region. Alternatively, density of
a current supplied to the light-emitting diode can be
decreased while the intensity of light emitted from the third
region is maintained. Alternatively, reliability of the light-
emitting diode can be increased. Consequently, a novel
display panel with high convenience or high reliability can
be provided.

[0026] (4) Another embodiment of the present invention is
the above display panel further including a lens.

[0027] The lens includes a region positioned between the
optical element and the second display element, includes a
material with a refractive index of 1.5 or more and 2.5 or
less, and is a convex lens.

[0028] With such a structure, light emitted from the sec-
ond 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 effi-
ciently. Alternatively, the density of a current supplied to the
light-emitting diode can be decreased. Alternatively, the area
of the second display element can be increased. Alterna-
tively, the reliability of the light-emitting diode can be
increased. Consequently, a novel display panel with high
convenience or high reliability can be provided.

[0029] (5) Another embodiment of the present invention is
the above display panel in which the pixel includes a first
conductive film, a second conductive film, and an insulating
film.

[0030] The insulating film includes a region positioned
between the first conductive film and the second conductive
film. The insulating film has an opening.

[0031] The first conductive film is electrically connected
to the first display element.

[0032] The second conductive film includes a region over-
lapping with the first conductive film, is electrically con-
nected to the first conductive film in the opening, and is
electrically connected to the pixel circuit.

[0033] The second display element is electrically con-
nected to the pixel circuit and is configured to emit light
toward the insulating film.

[0034] (6) Another embodiment of the present invention is
the above display panel including a display region.

[0035] The display region includes one group of pixels,
another group of pixels, a scan line, and a signal line.
[0036] The one group of pixels include the pixel. The
pixels of the one group are arranged in a row direction.
[0037] The another group of pixels include the pixel. The
pixels of the another group are arranged in a column
direction intersecting with the row direction.
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[0038] The scan line is electrically connected to the one
group of pixels. The signal line is electrically connected to
the another group of pixels.

[0039] 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.
Furthermore, 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.

[0040] Consequently, a novel display device with high
convenience or high reliability can be provided.

[0041] (7) Another embodiment of the present invention is
a display device including the above display panel and a
control portion.

[0042] The control portion is configured to receive image
data and control data, generate first data and second data on
the basis of the image data, and supply the first data and the
second data.

[0043] The display panel is configured to receive the first
data and the second data.

[0044] The first display element is configured to display an
image on the basis of the first data, and the second display
element is configured to display an image on the basis of the
second data.

[0045] With such a structure, image data can be displayed
using the first display element. Furthermore, image data can
be displayed using the second display element. Furthermore,
image data can be displayed using the second display
element such that the image data overlaps with the image
data displayed using the first display element. Furthermore,
the image data displayed using the first display element can
be complemented using the second display element. Con-
sequently, a novel display device with high convenience or
high reliability can be provided.

[0046] (8) Another embodiment of the present invention is
an input/output device including an input portion and a
display portion.

[0047] The display portion includes the above display
panel.
[0048] The input portion includes a sensing region and is

configured to sense an object approaching the sensing
region.

[0049] The sensing region includes a region overlapping
with the pixel.
[0050] (9) Another embodiment of the present invention is

the above input/output device in which the sensing region
includes a control line, a sensor signal line, and a sensor
element.

[0051] The sensor element is electrically connected to the
control line and the sensor signal line.

[0052] The control line is configured to supply a control
signal. The sensor signal line is configured to receive a
sensor signal.

[0053] The sensor element is configured to supply the
sensor signal that varies in accordance with the control
signal and a distance between a region overlapping with the
pixel and an object approaching the region. The sensor
element includes a first electrode and a second electrode.
[0054] The first electrode includes a light-transmitting
region in the region overlapping with the pixel and is
electrically connected to the control line.
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[0055] The second electrode includes a light-transmitting
region in the region overlapping with the pixel and is
electrically connected to the sensor signal line. The second
electrode is located such that an electric field part of which
is blocked by an object approaching the region overlapping
with the pixel is generated between the second electrode and
the first electrode.

[0056] With such a structure, an object approaching the
region overlapping with the display portion can be sensed
while image data is displayed by the display portion. Alter-
natively, a finger or the like that approaches the display
portion can be used as a pointer to input positional data.
Alternatively, positional data can be associated with image
data displayed on the display portion. Consequently, a novel
input/output device with high convenience or high reliability
can be provided.

[0057] (10) Another embodiment of the present invention
is a data processing device including at least one of a
keyboard, a hardware button, a pointing device, a touch
sensor, an illuminance sensor, an imaging device, an audio
input device, a viewpoint input device, and an attitude
determination device, and the above display panel.

[0058] With such a structure, the arithmetic device can
generate the image data or the control data on the basis of the
data supplied using a variety of input devices. Consequently,
a novel data processing device with high convenience or
high reliability can be provided.

[0059] Although the block diagram attached to this speci-
fication shows components classified by their functions in
independent blocks, it is difficult to classify actual compo-
nents according to their functions completely and it is
possible for one component to have a plurality of functions.

[0060] Inthis specification, the terms “source” and “drain”
of a transistor interchange with each other depending on the
polarity of the transistor or the levels of potentials supplied
to the terminals. In general, in an n-channel transistor, a
terminal to which a lower potential is supplied is called a
source, and a terminal to which a higher potential is supplied
is called a drain. In a p-channel transistor, a terminal to
which a lower potential is supplied is called a drain, and a
terminal to which a higher potential is supplied is called a
source. In this specification, although the connection relation
of the transistor is described assuming that the source and
the drain are fixed for convenience in some cases, actually,
the names of the source and the drain interchange with each
other depending on the relation of the potentials.

[0061] In this specification, a “source” of a transistor
means a source region that is part of a semiconductor film
functioning as an active layer or a source electrode con-
nected to the semiconductor film. Similarly, a “drain” of a
transistor means a drain region that is part of the semicon-
ductor film or a drain electrode connected to the semicon-
ductor film. A “gate” means a gate electrode.

[0062] In this specification, a state in which transistors are
connected to each other in series means, for example, a state
in which only one of a source and a drain of a first transistor
is connected to only one of a source and a drain of a second
transistor. In addition, a state in which transistors are con-
nected in parallel means a state in which one of a source and
a drain of a first transistor is connected to one of a source and
a drain of a second transistor and the other of the source and
the drain of the first transistor is connected to the other of the
source and the drain of the second transistor.
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[0063] In this specification, the term “connection” means
electrical connection and corresponds to a state where
current, voltage, or potential can be supplied or transmitted.
Accordingly, connection means not only direct connection
but also indirect connection through a circuit element such
as a wiring, a resistor, a diode, or a transistor so that current,
potential, or voltage can be supplied or transmitted.

[0064] In this specification, even when different compo-
nents are connected to each other in a circuit diagram, there
is actually a case where one conductive film has functions of
a plurality of components, such as a case where part of a
wiring serves as an electrode. The term “connection” also
means such a case where one conductive film has functions
of a plurality of components.

[0065] Further, in this specification, one of a first electrode
and a second electrode of a transistor refers to a source
electrode and the other refers to a drain electrode.

[0066] One embodiment of the present invention can
provide a novel display panel with high convenience or high
reliability. Another embodiment can provide a novel display
device with high convenience or high reliability. Another
embodiment can provide a novel input/output device with
high convenience or high reliability. Another embodiment
can provide a novel data processing device with high
convenience or high reliability. Another embodiment can
provide a novel display panel, a novel display device, a
novel input/output device, a novel data processing device, or
a novel semiconductor device.

[0067] Note that the description of these effects does not
preclude the existence of other effects. One embodiment of
the present invention does not necessarily have all the effects
listed above. Other effects will be apparent from and can be
derived from the description of the specification, the draw-
ings, the claims, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] FIGS.1Ato 1D are schematic views illustrating the
structure of a pixel in a display panel of an embodiment.
[0069] FIGS. 2A and 2B are cross-sectional views illus-
trating the structure of a pixel in a display panel of an
embodiment.

[0070] FIGS. 3A and 3B are cross-sectional views illus-
trating the structure of a pixel in a display panel of an
embodiment.

[0071] FIGS. 4A to 4C are top views and a cross-sectional
view illustrating the structure of a display panel of an
embodiment.

[0072] FIGS. 5A and 5B are cross-sectional views illus-
trating the structure of a display panel of an embodiment.
[0073] FIGS. 6A and 6B are cross-sectional views illus-
trating the structure of a display panel of an embodiment.
[0074] FIG. 7 is a bottom view illustrating the structures
of pixels in a display panel of an embodiment.

[0075] FIG. 8 is a circuit diagram illustrating a pixel
circuit in a display panel of an embodiment.

[0076] FIGS. 9A to 9D are cross-sectional views illustrat-
ing the structures of reflective films of display panels of
embodiments.

[0077] FIGS. 10A to 10C are top views illustrating pixels
and subpixels of display panels of embodiments.

[0078] FIG. 11 is a top view illustrating pixels and sub-
pixels in a display panel of an embodiment.

[0079] FIGS. 12A1, 12A2, 12B1, 12B2, 12C1, 12C2,
12D1, 12D2, 12E1, 12E2, 12F1, and 12F2 are cross-sec-
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tional views and perspective views illustrating the shapes of
optical elements of display panels of embodiments.

[0080] FIGS. 13A and 13B are block diagrams illustrating
the structure of a display device using a display panel of an
embodiment.

[0081] FIGS. 14A, 14B1, 14B2, and 14B3 are a block
diagram and perspective views illustrating the structures of
display panels of embodiments.

[0082] FIG. 15 is a block diagram illustrating the structure
of an input/output device of an embodiment.

[0083] FIGS. 16A to 16C are top views illustrating the
structure of an input/output device of an embodiment.
[0084] FIGS.17A and 17B are cross-sectional views illus-
trating the structure of an input/output device of an embodi-
ment.

[0085] FIG. 18 is a cross-sectional view illustrating the
structure of an input/output device of an embodiment.
[0086] FIG. 19 is a cross-sectional view illustrating the
structure of an input/output device of an embodiment.
[0087] FIGS. 20A to 20C are a block diagram and pro-
jection views illustrating the structures of data processing
devices of embodiments.

[0088] FIGS. 21A and 21B are flow charts each showing
a driving method of a data processing device of an embodi-
ment.

[0089] FIG. 22 is a flow chart showing a driving method
of a data processing device of an embodiment.

[0090] FIGS. 23A and 23B illustrate the structure of a
module of an embodiment.

[0091] FIGS. 24A to 24E illustrate the structures of data
processing devices of embodiments.

[0092] FIGS. 25A to 25E illustrate the structures of data
processing devices of embodiments.

[0093] FIGS. 26A to 26C illustrate the structures of elec-
tronic devices of embodiments.

DETAILED DESCRIPTION OF THE
INVENTION

[0094] A display panel of one embodiment of the present
invention includes a pixel. The pixel includes a functional
layer, a first display element, and a second display element.
The functional layer includes a pixel circuit and includes a
region positioned between the first display element and the
second display element. The pixel circuit is electrically
connected to the first display element and the second display
element. The first display element includes a reflective film
and is configured to control the intensity of light reflected by
the reflective film. The reflective film has a shape that does
not block light emitted from the second display element. The
second display element includes a light-emitting diode 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 can be seen.

[0095] 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 a light-emitting diode as the second display element.
Consequently, a novel display panel with high convenience
or high reliability can be provided.

[0096] Embodiments will be described in detail with ref-
erence to the drawings. Note that the present invention is not
limited to the following description. It will be readily
appreciated by those skilled in the art that modes and details
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of the present invention can be modified in various ways
without departing from the spirit and scope of the present
invention. Thus, the present invention should not be con-
strued as being limited to the description of the following
embodiments. Note that in structures of the invention
described below, the same portions or portions having
similar functions are denoted by the same reference numer-
als in different drawings, and the description thereof is not
repeated.

Embodiment 1

[0097] In this embodiment, the structure of a display panel
of one embodiment of the present invention will be
described with reference to FIGS. 1A to 1D to FIG. 8.
[0098] FIGS. 1A to 1D illustrate the structure of the
display panel of one embodiment of the present invention.
FIG. 1A is a projection view of a pixel, and FIG. 1B is an
exploded view for illustrating part of the structure of the
pixel in FIG. 1A. FIG. 1C is a cross-sectional view that is
taken along line Y1-Y2 in FIG. 1A and for illustrating part
of the structure of the pixel. FIG. 1D is a top view of the
pixel in FIG. 1A.

[0099] FIGS. 2A and 2B illustrate the structure of the
display panel of one embodiment of the present invention.
FIG. 2A is a cross-sectional view of the pixel taken along
line Y1-Y2 in FIG. 1A. FIG. 2B is a cross-sectional view
illustrating part of the structure of the pixel in FIG. 2A.
[0100] FIGS. 4A to 4C illustrate the structure of the
display panel of one embodiment of the present invention.
FIG. 4A is a top view of the display panel. FIG. 4B is a top
view illustrating part of the pixel of the display panel in FI1G.
4A. FIG. 4C is a schematic view illustrating a cross-
sectional structure of the display panel in FIG. 4A.

[0101] FIGS. 5A and 5B and FIGS. 6A and 6B are
cross-sectional views illustrating the structure of the display
panel. FIG. 5A is a cross-sectional view taken along line
X1-X2 and line X3-X4 in FIG. 4A, and line X5-X6 in FIG.
7. FIG. 5B illustrates part of FIG. 5A.

[0102] FIG. 6A is a cross-sectional view taken along line
X7-X8 in FIG. 7 and line X9-X10 in FIG. 4A. FIG. 6B
illustrates part of FIG. 6A.

[0103] FIG. 7 is a bottom view illustrating some pixels of
the display panel in FIG. 4A.

[0104] FIG. 8 is a circuit diagram illustrating the configu-
ration of a pixel circuit included in a display panel of one
embodiment of the present invention.

[0105] 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 n 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 mxn components).

<Structural Example 1 of Display Panel>

[0106] A display panel 700 described in this embodiment
includes a pixel 702(i,j) (see FIG. 4A).

<<Structural Example 1 of Pixel>>

[0107] The pixel 702(i,) includes a functional layer 520,
a first display element 750(i,j), and a second display element
550(i,7) (see FIG. 4C).
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[0108] The functional layer 520 includes a pixel circuit
530(i,j). The functional layer 520 includes a region posi-
tioned between the first display element 750(ij) and the
second display element 550(i ;).

[0109] The pixel circuit 530(i;) is electrically connected
to the first display element 750(i,j) and the second display
element 550(i,)).

<<Structural Example 1 of First Display Element 750(i j)>>
[0110] The first display element 750(7,;) includes a reflec-
tive film 751B and has a function of controlling the intensity
of light reflected by the reflective film 751B (see FIGS. 1A
and 1B). The reflective film 751B has a shape that does not
block light emitted from the second display element 550(7 ;).
For example, the reflective film 751B can have a shape
including a region 751H where light is not blocked.
<<Structural Example 1 of Second Display Element 550(;,
J>

[0111] The second display element 550(i,7) is provided
such that display using the second display element 550(i,7)
can be seen from part of a region where display using the
first display element 750(i,j) can be seen (see FIG. 1A). For
example, a light-emitting diode can be used as the second
display element 550(i,j). Specifically, the second display
element 550(i,j) includes an electrode 551(i,), an electrode
552, and a multilayer film 553. For example, a light-emitting
diode with a horizontal structure or a vertical structure can
be used as the second display element 550(, ).

[0112] 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.

[0113] Furthermore, display using the first display element
can be complemented using a light-emitting diode as the
second display element. Consequently, a novel display panel
with high convenience or high reliability can be provided.

<<Structural Example 2 of Pixel>>

[0114] The pixel 702(i,j) includes an optical element 560
and a covering film 565.

<<Structural Example 1 of Optical Element>>

[0115] 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. 1B and 1C and
FIG. 2B).

[0116] The first region 560A includes a region to which
light is supplied. For example, the first region 560A receives
light from the second display element 550(i,j).

[0117] The second region 560B includes a region in con-
tact with the covering film 565.

[0118] 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 560A to
which light is supplied.

<<Structural Example of Covering Film>>

[0119] The covering film 565 has light reflectivity and has
a function of reflecting part of light and supplying it to the
third region 560C. For example, the covering film 565 can
reflect light emitted from the second display element 550(i, ;)
toward the third region 560C. Specifically, part of light
incident on the optical element 560 through the first region
560A can be reflected by the covering film 565 in contact
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with the second region 560B and extracted from the third
region 560C, as shown by a solid arrow (see FIG. 2B).

<<Structural Example 2 of First Display Element 750(i j)>>

[0120] The reflective film 751B has a shape that does not
block light extracted from the third region 560C of the
optical element 560.

<<Structural Example 2 of Second Display Element 550(,
J>

[0121] The second display element 550(i,7) has a function
of supplying light (see FIG. 1B and FIG. 2A). For example,
the second display element 550(i,7) has a function of sup-
plying light to the first region 560A.

[0122] 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, the area of the light-emitting diode used as the
second display element can be larger than the area of the
third region. Alternatively, light supplied from the light-
emitting diode having an area larger than the area of the third
region can be gathered in the third region. Alternatively, the
density of a current supplied to the light-emitting diode can
be decreased while the intensity of light emitted from the
third region is maintained. Alternatively, the reliability of the
light-emitting diode can be increased. Consequently, a novel
display panel with high convenience or high reliability can
be provided.

[0123] Note that the second display element 550(i;)
includes a support 559. For example, a single crystal sub-
strate such as a sapphire substrate can be used for the support
559. Alternatively, a material that reflects light or a material
with thermal conductivity can be used for the support 559.
Specifically, a material to which the multilayer film 553
separated from a sapphire substrate or the like is transferred
can be used for the support 559.

[0124] The display panel 700 of one embodiment of the
present invention can include a heat dissipation material 558
between the second display element 550(7,/) and a substrate
570. This enables heat generated by driving of the second
display element 550(7,/) to be dissipated to the substrate 570.

[0125] Specifically, a composite material including a resin
and inorganic material particles can be used for the heat
dissipation material 558. For example, for the resin, an
epoxy resin or a silicone resin can be used. For the inorganic
material particles, aluminum nitride, boron nitride, alumi-
num oxide, magnesium oxide, silicon oxide, or magnesium
hydroxide can be used, for example.

<<Structural Example 3 of Pixel>>

[0126] The pixel 702(i;) includes part of the functional
layer 520, a first display element 750(ij), and a second
display element 550(i,j) (see FIG. 4C).

<<Functional Layer 520>>

[0127] The functional layer 520 includes a first conductive
film, a second conductive film, an insulating film 501C, and
the pixel circuit 530(i,7). The functional layer 520 includes
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the optical element 560 and the covering film 565 (see FIG.
2A and FIG. 5A). The pixel circuit 530(ij) includes a
transistor M, for example.

[0128] The functional layer 520 includes an insulating film
528, an insulating film 521A, an insulating film 521B, an
insulating film 518A, an insulating film 518B, and an
insulating film 516.

<<Pixel Circuit>>

[0129] The pixel circuit 530(7,/) has a function of driving
the first display element 750(i,j) and the second display
element 550(i,j) (see FIG. 8).

[0130] 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. Alternatively, an image with high contrast can be
favorably displayed in an environment with bright external
light. Alternatively, an image can be favorably displayed in
a dark environment with the use of the second display
element which emits light. Alternatively, 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.

[0131] A switch, a transistor, a diode, a resistor, an induc-
tor, a capacitor, or the like can be used in the pixel circuit
530(i,)).

[0132] Forexample, 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.
[0133] Forexample, the pixel circuit 530(i,;) is electrically
connected to a signal line S1(j), a signal line S2(j), a scan
line G1(i), a scan line G2(i), a wiring CSCOM, and a
conductive film ANO (see FIG. 8). Although not illustrated,
a conductive film 512A is electrically connected to the signal
line S1(j).

[0134] The pixel circuit 530(i;) includes a switch SW1
and a capacitor C11 (see FIG. 8).

[0135] The pixel circuit 530(i,j) includes a switch SW2, a
transistor M, and a capacitor C12.

[0136] 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.

[0137] The capacitor C11 includes a first electrode elec-
trically connected to a second electrode of the transistor used
as the switch SW1 and a second electrode electrically
connected to the wiring CSCOM.

[0138] 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.

[0139] The transistor M includes a gate electrode electri-
cally connected to a second electrode of the transistor used
as the switch SW2 and a first electrode electrically con-
nected to the conductive film ANO.

[0140] Note that a transistor including a conductive film
provided such that a semiconductor film is positioned
between a gate electrode and the conductive film can be used
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as the transistor M. For example, as the conductive film, a
conductive film electrically connected to a wiring that can
supply the same potential as that of the gate electrode of the
transistor M can be used.

[0141] The capacitor C12 includes a first electrode elec-
trically 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.

[0142] A first electrode of the first display element 750(i,7)
is electrically connected to the second electrode of the
transistor used as the switch SW1. A second electrode of the
first display element 750(i,j) is electrically connected to a
wiring VCOMI. This enables the first display element 750
to be driven.

[0143] The electrode 551(i,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 film
VCOM2, respectively. This enables the second display
element 550(7,j) to be driven.

<<Insulating Film 501C>>

[0144] The insulating film 501C includes a region posi-
tioned between the first conductive film and the second
conductive film and has an opening 591A (see FIG. 6A). In
addition, the insulating film 501C has an opening 591C.

<<First Conductive Film>>

[0145] The first conductive film is electrically connected
to the first display element 750(i,/). Specifically, the first
conductive film is electrically connected to an electrode
751(i,j) of the first display element 750(i,j). The electrode
751(i,j) can be used as the first conductive film.

<<Second Conductive Film>>

[0146] The second conductive film includes a region over-
lapping with the first conductive film. The second conduc-
tive film is electrically connected to the first conductive film
through the opening 591A. For example, a conductive film
512B can be used as the second conductive film.

[0147] Note that the first conductive film electrically con-
nected to the second conductive film in the opening 591A
formed in the insulating film 501C can be referred to as a
through electrode.

[0148] The second conductive film is electrically con-
nected to the pixel circuit 530(i 7). For example, a conduc-
tive film that functions as a source electrode or a drain
electrode of a transistor used as a switch SW1 of the pixel
circuit 530(i,7) can be used as the second conductive film.

<<Structural Example 3 of Second Display Element 550(,
J>

[0149] The second display element 550(i,;) is electrically
connected to the pixel circuit 530(i,j) (see FIG. 5A and FIG.
8). The second display element 550(i,j) has a function of
emitting light toward the functional layer 520. The second
display element 550(i,j) has a function of emitting light
toward the insulating film 501C or an opening formed in the
insulating film 501C, for example.

[0150] The second display element 550(i,;) is provided
such that display using the second display element 550(i,7)
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. 6A denote the directions in
which external light is incident on and reflected by the first
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display element 750(i) that displays image data by con-
trolling the intensity of external light reflection. In addition,
a solid arrow shown in FIG. 5A denotes the direction in
which the second display element 550(i,j) emits light to part
of the region where display using the first display element
750(i,j) can be seen.

[0151] Accordingly, display using the second display ele-
ment 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 panel. 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 panel with high convenience
or high reliability can be provided.

[0152] For example, the second display element 550(i ;)
includes the electrode 551(i,j), the electrode 552, and the
multilayer film 553 (see FIG. 2A or FIG. 5A).

[0153] The electrode 551(ij) is electrically connected to
the pixel circuit 530(i,7) at a connection portion 522. Spe-
cifically, the electrode 551(i,;) is electrically connected to
the pixel circuit 530(i,/) through a conductive material 31
and a conductive film 533 (see FIGS. 2A and 2B and FIG.
4B).

[0154] The electrode 552 is electrically connected to the
conductive film VCOM2. Specifically, the electrode 552 is
electrically connected to the conductive film VCOM2
through a conductive material 32.

[0155] Note that a diffusion bonding method can be used
for electrical connection between an electrode and a con-
ductive film. Thus, the electrode 551(i,j) can be electrically
connected to the conductive film 533 without using the
conductive material 31, and the electrode 552 can be elec-
trically connected to the conductive film VCOM2 without
using the conductive material 32.

[0156] A sealing material UF can be provided between the
second display element 550(i,j) and the insulating film 528.
This can prevent a defect such as separation of the second
display element 550(i,j) from the insulating film 528.

<<Insulating Films 521, 528, 518A, 518B, and 516>>

[0157] An insulating film 521 includes a region positioned
between the pixel circuit 530(ij) and the second display
element 550(7,j) (see FIGS. 2A and 2B and FIG. 4B).
[0158] For example, a laminated film can be used as the
insulating film 521. For example, a stack of the insulating
film 521A and the insulating film 521B can be used as the
insulating film 521.

[0159] The insulating film 528 includes a region posi-
tioned between the insulating film 521 and the substrate 570
and has an opening in a region overlapping with the second
display element 550(i,j). The insulating film 528 that is
along the edge of the electrode 551(i,j) can avoid a short
circuit between the electrode 551(i,j) and the electrode 552.
[0160] The insulating film 518A includes a region posi-
tioned between the insulating film 521 and the pixel circuit
530(i,j). For example, the insulating film 518A includes a
region positioned between the insulating film 521 and the
transistor M. The insulating film 518B includes a region
positioned between the optical element 560 and the region
751H.
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[0161] The insulating film 516 includes a region posi-
tioned between the insulating film 518A and the pixel circuit
530(i,j). For example, the insulating film 516 includes a
region positioned between the insulating film 518A and the
transistor M.

[0162] Furthermore, the display panel 700 can include an
insulating film 501B. The insulating film 501B has an
opening 592A, an opening 592B, and an opening 592C (see
FIG. 5A and FIG. 6A).

[0163] The opening 592A includes a region overlapping
with the electrode 751(i,j) and a region overlapping with the
insulating film 501C.

[0164] The opening 592B includes a region overlapping
with a conductive film 511B (see FIG. 5A).

[0165] The opening 592C includes a region overlapping
with a conductive film 511C (see FIG. 6A).

<Structural Example 2 of Display Panel>

[0166] The display panel 700 described in this embodi-
ment includes a display region 231 (see FIG. 13A).

<<Display Region 231>>

[0167] The display region 231 includes one group of
pixels 702(i,1) to 702(i,n), another group of pixels 702(1,/)
to 702(m,j), a scan line G1(), and a signal line S1(j) (see
FIG. 13A). The display region 231 includes the scan line
G2(i), the wiring CSCOM, the conductive film ANO, and
the signal line S2(j). Note that i 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 n, and each of m
and n is an integer greater than or equal to 1.

[0168] The one group of pixels 702(i,1) to 702(i,») include
the pixel 702(i,j) and are arranged in the row direction (the
direction indicated by the arrow R1 in the drawing).
[0169] 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.

[0170] The scan line G1(i) and the scan line G2(i) are
electrically connected to the group of pixels 702(i,1) to
702(i,») arranged in the row direction.

[0171] The signal line S1(7/) and the signal line S2(j) are
electrically connected to the another group of pixels 702(1,7)
to 702(m,j) arranged in the column direction.

<Structural Example 3 of Display Panel>

[0172] The display panel 700 described in this embodi-
ment 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.

[0173] 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(i;) can be referred to as a
subpixel, and the pixel 702(i,j) a pixel 702(i,j+1), and a pixel
702(i,j+2) can be collectively referred to as a pixel 703(,k)
(see FIG. 11).
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[0174] 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(i, k).

[0175] Alternatively, for example, a subpixel that repre-
sents cyan, a subpixel that represents magenta, and a sub-
pixel that represents yellow can be collectively used as the
pixel 703(i, k).

[0176] Alternatively, for example, the above set to which
a subpixel that represents white is added can be used as the
pixel.

[0177] Alternatively, for example, a set of the following

subpixels can be used as the pixel 703(j,k): a subpixel
including the first display element 750(i ;) that represents
cyan and the second display element 550(i ;) that represents
blue; a subpixel including a first display element 750(i,j+1)
that represents yellow and a second display element 550(;,
j+1) that represents green; and a subpixel including a first
display element 750(i,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(i,7)
to 750(ij+2) or clear display using the second display
elements 550(i,7) to 550(i j+2).

<Structural Example 4 of Display Panel>

[0178] The display panel 700 described in this embodi-
ment can include a driver circuit GD or a driver circuit SD
(see FIG. 4A and FIG. 13A).

<<Driver Circuit GD>>

[0179] The driver circuit GD has a function of supplying
a selection signal on the basis of control data.

[0180] For example, the driver circuit GD has a function
of supplying a selection signal to one scan line at a fre-
quency of 30 Hz or higher, preferably 60 Hz or higher, on
the basis of control data. Accordingly, moving images can be
smoothly displayed.

[0181] For example, the driver circuit GD has a function
of supplying a selection signal to one scan line at a fre-
quency of lower than 30 Hz, preferably lower than 1 Hz,
more preferably less than once per minute, on the basis of
control data. Accordingly, a still image can be displayed with
reduced flickering.

[0182] A display panel can include a plurality of driver
circuits. For example, a display panel 700B includes a driver
circuit GDA and a driver circuit GDB (see FIG. 14A).
[0183] Forexample, 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. Spe-
cifically, 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.

<<Driver Circuit SD>>

[0184] 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 the
data V11. The driver circuit SD2 has a function of supplying
an image signal on the basis of the data V12 (see FIG. 13A).
[0185] The driver circuit SD1 or the driver circuit SD2 has
a function of generating an image signal and a function of
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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.
[0186] Forexample, any of a variety of sequential circuits,
such as a shift register, can be used as the driver circuit SD.
[0187] 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 inte-
grated circuit formed on a silicon substrate can be used as
the driver circuit SD.

[0188] An integrated circuit can be mounted on a terminal
by a chip on glass (COG) method or a chip on film (COF)
method, for example. Specifically, an anisotropic conductive
film can be used to mount an integrated circuit on the
terminal.

<Structural Example 5 of Display Panel>

[0189] Moreover, the display panel 700 described in this
embodiment includes a functional layer 720, a terminal
519B, a terminal 519C, 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. 5A and FIG. 6A).

<<Functional Layer 720>>

[0190] The functional layer 720 includes a region posi-
tioned between the substrate 770 and the insulating film
501C. The functional layer 720 includes a light-blocking
film BM, an insulating film 771, and a coloring film CF1
(see FIG. 5A and FIG. 6A).

[0191] The light-blocking film BM has an opening in a
region overlapping with the first display element 750(i,))
(see FIG. 6A).

[0192] The coloring film CF1 includes a region positioned
between the substrate 770 and the first display element
750(i,7).

[0193] 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-block-
ing film BM, the coloring film CF1, or the like to the layer
753 containing a liquid crystal material.

<<Terminals 519B and 519C>>

[0194] The display panel described in this embodiment
includes a terminal 519B and a terminal 519C (see FIG. SA
and FIG. 6A).

[0195] The terminal 519B includes the conductive film
511B. The terminal 519B is electrically connected to the
signal line S1(j), for example.

[0196] The terminal 519C includes the conductive film
511C. The conductive film 511C is electrically connected to
the wiring VCOM1, for example.

[0197] A conductive material CP is sandwiched between
the terminal 519C and the electrode 752, and has a function
of electrically connecting the terminal 519C and the elec-
trode 752. For example, a conductive particle can be used as
the conductive material CP.
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<<Substrate 570 and Substrate 770>>

[0198] In addition, the display panel described in this
embodiment includes the substrate 570 and the substrate
770.

[0199] 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.

[0200] The substrate 770 includes a region overlapping
with the first display element 750(i,j). For example, a
material with low birefringence can be used for the region.

<<Bonding Layer 505, Sealing Material 705, and Structure
Body KB1>>

[0201] The display panel described in this embodiment
includes the bonding layer 505, the sealing material 705, and
the structure body KB1.

[0202] 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.

[0203] The sealing material 705 includes a region posi-
tioned 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.

[0204] The structure body KB1 has a function of provid-
ing a certain space between the functional layer 520 and the
substrate 770.

<<Functional Films 770P and 770D>>

[0205] The display panel described in this embodiment
includes the functional film 770P and the functional film
770D.

[0206] The functional film 770P includes a region over-
lapping with the first display element 750(i ;).

[0207] The functional film 770D includes a region over-
lapping with the first display element 750(i;). The func-
tional film 770D is provided such that a 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(i,j) can be diffused.

<Example of Components>

[0208] The display panel 700 includes the substrate 570,
the substrate 770, the structure body KBI, the sealing
material 705, and the bonding layer 505.

[0209] The display panel 700 also includes the functional
layer 520, the optical element 560, the covering film 565, the
insulating film 521, and the insulating film 528.

[0210] The display panel 700 also includes the signal line
S1(j), the signal line S2(5), the scan line G1(i), the scan line
G2(i), the wiring CSCOM, and the conductive film ANO.
[0211] The display panel 700 also includes the first con-
ductive film and the second conductive film.

[0212] The display panel 700 also includes the terminal
519B, the terminal 519C, the conductive film 511B, and the
conductive film 511C.

[0213] The display panel 700 also includes the pixel
circuit 530(i,j) and the switch SW1.
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[0214] The display panel 700 also includes the first display
element 750(i,j), the electrode 751(i,j), the reflective film,
the opening, the layer 753 containing a liquid crystal mate-
rial, and the electrode 752.

[0215] The display panel 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 func-
tional film 770P, and the functional film 770D.

[0216] The display panel 700 also includes the second
display element 550(i,j), the electrode 551(i,j), the electrode
552, and the multilayer film 553.

[0217] The display panel 700 also includes the insulating
film 501B and the insulating film 501C.

[0218] The display panel 700 also includes the driver
circuit GD and the driver circuit SD.

<<Substrate 570>>

[0219] 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.

[0220] 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 mmx1850 mm), the 7th
generation (1870 mmx2200 mm), the 8th generation (2200
mmx2400 mm), the 9th generation (2400 mmx2800 mm),
and the 10th generation (2950 mmx3400 mm). Thus, a
large-sized display device can be manufactured.

[0221] For the substrate 570 or the like, an organic mate-
rial, 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 metal can be used for the substrate 570 or the
like.

[0222] Specifically, non-alkali glass, soda-lime glass, pot-
ash 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. Specifi-
cally, 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.

[0223] For example, a single crystal semiconductor sub-
strate 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.
[0224] For example, an organic material such as a resin, a
resin film, or plastic can be used for 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.
[0225] 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,
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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 par-
ticulate resin, organic material, or the like into an inorganic
material can be used for the substrate 570 or the like.
[0226] 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.
[0227] Specifically, a resin film, a resin plate, a layered
material, or the like containing polyester, polyolefin, poly-
amide, polyimide, polycarbonate, an acrylic resin, or the like
can be used for the substrate 570 or the like.

[0228] Specifically, a material containing polyester, poly-
olefin, polyamide (e.g., nylon or aramid), polyimide, poly-
carbonate, 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.

[0229] 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 cyclo olefin polymer (COP), a cyclo
olefin copolymer (COC), or the like can be used.

[0230] Alternatively, paper, wood, or the like can be used
for the substrate 570 or the like.

[0231] For example, a flexible substrate can be used as the
substrate 570 or the like.

[0232] 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.

<<Substrate 770>>

[0233] 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 sub-
strate 570 can be used for the substrate 770. Alternatively, a
material having a surface provided with an antireflective
film with a thickness of 1 pm or less can be used for the
substrate 770. Specifically, a stack of 3 or more, preferably
5 or more, more preferably 15 or more dielectrics can be
used for the substrate 770. This allows visible light reflec-
tivity to be as low as 0.5% or less, preferably 0.08% or less.
[0234] Alternatively, a material with low birefringence
that can be used for the substrate 570 can be used for the
substrate 770.

[0235] 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
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to a user of the display panel. This can prevent breakage or
damage of the display panel caused by the use.

[0236] For example, a resin film of a cyclo olefin polymer
(COP), a cyclic olefin copolymer (COC), or triacetyl cellu-
lose (TAC) can be favorably used as the substrate 770, in
which case the substrate 770 can be lightweight. Alterna-
tively, for example, the display device can be made less
likely to suffer from damage by dropping.

[0237] 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(ij). As a result, image blur can be reduced, and an
image can be displayed clearly.

<<Structure Body KB1>>

[0238] The structure body KB1 or the like can be formed
using an organic material, an inorganic material, or a com-
posite 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.

[0239] Specifically, for the structure body KB1, polyester,
polyolefin, polyamide, polyimide, polycarbonate, polysilox-
ane, 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.

<<Sealing Materials 705 and UF>>

[0240] For the sealing material 705, the sealing material
UF, 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.

[0241] For example, an organic material such as a ther-
mally fusible resin or a curable resin can be used for the
sealing material 705, the sealing material UF, or the like.
[0242] 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.

[0243] 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, the sealing material UF, or the like.

<<Bonding Layer 505>>

[0244] For example, any of the materials that can be used
for the sealing material 705 can be used for the bonding
layer 505.

<<Insulating Film 521>>

[0245] 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.

[0246] 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,
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a silicon oxynitride film, and an aluminum oxide film, or a
film including a material obtained by stacking any of these
films can be used as the insulating film 521 or the like.
[0247] 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.

[0248] Thus, steps due to various components overlapping
with the insulating film 521 can be reduced, for example.
[0249] Furthermore, polyimide having lower moisture
permeability than an acrylic resin can be used for the
insulating film 521 or the like. In that case, diffusion of
impurities into the functional layer 520, the first display
element 750(i,j), the second display element 550(i,/), or the
like can be inhibited, increasing the reliability of the display
panel 700.

<<Optical Element 560>>

[0250] The optical element 560 has an optical axis Z (see
FIG. 1C). The optical axis Z passes through the center of the
region of the first region 560A to which light is supplied and
the center of the third region 560C. The second region 5608
includes an inclined portion with an inclination 6 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 FIG. 1C entirely has an
inclination of approximately 60° with respect to the plane
orthogonal to the optical axis Z.

[0251] The region of the first region 560A to which light
is supplied has an area larger than 10% of the area of the
pixel 702(i,j) (see FIG. 1D).

[0252] The third region 560C has an area smaller than or
equal to 10% of the area of the pixel 702(i,)).

[0253] The reflective film 751B has an area larger than or
equal to 70% of the area of the pixel 702(i,)).

[0254] The sum of the area of the region of the first region
560A to which light is supplied and the area of the reflective
film 751B is larger than the area of the pixel 702(i ).
[0255] For example, a rectangular pixel 27 um wide and
81 um long has an area of 2187 um?”. In the case of such a
pixel, the region of the first region 560A to which light is
supplied has an area of 324 pm?. The third region 560C has
an area of 81 pm?, and the reflective film 751B has an area
of 1894 um?>.

[0256] In this structure, the area of a region of the first
region 560A to which light is supplied is approximately
14.8% of the area of the pixel.

[0257] The area of the reflective film 751B is approxi-
mately 86.6% of the area of the pixel.

[0258] The sum of the area of the region of the first region
560A to which light is supplied and the area of the reflective
film 751B is 2218 um?>.

[0259] Thus, in the second region, light incident through
the first region at various angles can be gathered. Conse-
quently, a novel display panel with high convenience or high
reliability can be provided.

[0260] 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.
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[0261] 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.

[0262] 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
[0263] FIG. 12A1, FIG. 12B1, or FIG. 12C1. FIG. 12A2,
FIG. 12B2, or FIG. 12C2 shows a perspective view of the
optical element 560.

[0264] 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.
12D1, FIG. 12FE1, or FIG. 12F1. FIG. 12D2, FIG. 12E2, or
FIG. 12F2 shows a perspective view of the optical element
560.

<<Covering Film 565>>

[0265] A single-layer film or a laminated film can be used
as the covering film 565. For example, a stack of a light-
transmitting film and a reflective film can be used for the
covering film 565.

[0266] 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.

[0267] For example, 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 contain-
ing 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.

<<Insulating Film 528>>

[0268] 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-con-
taining film can be used as the insulating film 528.

<<Insulating Film 501B>>

[0269] 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.

[0270] Specifically, a material obtained by stacking a
material containing silicon and oxygen and a material con-
taining 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 insu-
lating 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 501B.
[0271] 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 501B.

[0272] Specifically, a material obtained by stacking a
material containing silicon and oxygen and having a thick-
ness greater than or equal to 200 nm and less than or equal
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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.

<<Insulating Film 501C>>

[0273] 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 501C. Thus, diffusion of
impurities into the pixel circuit, the second display element,
or the like can be inhibited.

[0274] For example, a 200-nm-thick film containing sili-
con, oxygen, and nitrogen can be used as the insulating film
501C.

<<Wiring, Terminal, and Conductive Film>>

[0275] A conductive material can be used for the wiring or
the like. Specifically, the conductive material can be used for
the signal line S1(), the signal line S2(y), the scan line G1(7),
the scan line G2(i), the wiring CSCOM, the conductive film
ANO, the terminal 519B, the terminal 519C, the conductive
film 511B, the conductive film 511C, or the like.

[0276] 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.

[0277] Specifically, a metal element selected from alumi-
num, gold, platinum, silver, copper, chromium, tantalum,
titanium, molybdenum, tungsten, nickel, iron, cobalt, palla-
dium, and manganese can be used for the wiring or the like.
Alternatively, an alloy containing any of the above-de-
scribed 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.

[0278] Specifically, any of the following structures can be
used for the wiring or the like: a two-layer structure in which
atitanium 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.

[0279] 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.

[0280] Specifically, a film containing graphene or graphite
can be used for the wiring or the like.

[0281] For example, a film containing graphene oxide is
formed and subjected to reduction, whereby a film contain-
ing 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.

[0282] 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.

[0283] Specifically, a conductive high molecular com-
pound can be used for the wiring or the like.

[0284] 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.
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<<First Conductive Film and Second Conductive Film>>

[0285] For example, any of the materials that can be used
for the wiring or the like can be used for the first conductive
film or the second conductive film.

[0286] The electrode 751(i,j), the wiring, or the like can be
used for the first conductive film.

[0287] The conductive film 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 film.

<<First Display Element 750(i,j)>>

[0288] For example, a display element having a function
of controlling transmission or reflection of light can be used
as the first display element 750(i,j). For example, a com-
bined 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 con-
sumption of the display panel. 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,/). Specifically, a reflective
liquid crystal display element can be used as the first display
element 750(i,)).

[0289] 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.

[0290] 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 pat-
terned vertical alignment (PVA) mode, an electrically con-
trolled birefringence (ECB) mode, a continuous pinwheel
alignment (CPA) mode, or an advanced super view (ASV)
mode can be used.

[0291] The first display element 750(i,j) includes a first
electrode, a second electrode, and a layer containing a liquid
crystal material. The layer containing a liquid crystal mate-
rial contains a liquid crystal material whose orientation can
be controlled by voltage applied between the first electrode
and the second electrode. For example, the orientation of the
liquid crystal 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.

<<Layer 753 Containing Liquid Crystal Material>>

[0292] For example, thermotropic liquid crystal, low-mo-
lecular 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.
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[0293] For example, a negative liquid crystal material can
be used for the layer containing a liquid crystal material.
[0294] For example, a liquid crystal material having a
resistivity of greater than or equal to 1.0x10" Q-cm, pref-
erably greater than or equal to 1.0x10"* Q-cm, more pref-
erably greater than or equal to 1.0x10"> 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 7). Alternatively, flickering of the first display
element 750(i,/) can be suppressed. Alternatively, the rewrit-
ing frequency of the first display element 750(i,j) can be
reduced.

<<Electrode 751(i,j)>>

[0295] For example, the material that is used for the wiring
or the like can be used for the electrode 751(i,5). Specifically,
a reflective film can be used for the electrode 751(i,j). For
example, a material in which a light-transmitting conductive
film and a reflective film having an opening are stacked can
be used for the electrode 751(i ).

<<Reflective Film>>

[0296] 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.

[0297] 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.

[0298] For example, the first conductive film, the electrode
751(i,j), or the like can be used as the reflective film.
[0299] For example, a film including a region positioned
such that a light-transmitting conductive film 751A is sand-
wiched between the region and the layer 753 containing a
liquid crystal material can be used as the reflective film 751B
(see FIG. 9A).

[0300] For example, a film including a region positioned
between the layer 753 containing a liquid crystal material
and a light-transmitting conductive film 751C can be used as
the reflective film 751B (see FIG. 9B).

[0301] For example, a film including a region positioned
between the light-transmitting conductive film 751A and the
light-transmitting conductive film 751C can be used as the
reflective film 751B (see FIG. 9C).

[0302] For example, a film reflecting visible light may be
used for the electrode 751(i;j) (see FIG. 9D).

[0303] The reflective film has a shape including the region
751H where light emitted from the second display element
550(i,j) is not blocked (see FIGS. 10A to 10C).

[0304] 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.

[0305] 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.
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[0306] 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(i,j) is dark.
The reliability of the second display element 550(i,j) may be
degraded.

[0307] Forexample, the region 751H provided in the pixel
702(ij+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(ij) (see FIG. 10A). 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(i,j) (see FIG. 10B).

[0308] Forexample, the region 751H provided in the pixel
702(ij+2) is provided on a line that extends in the row
direction through the region 751H provided in the pixel
702(ij) (see FIG. 10A). In addition, the region 751H pro-
vided in the pixel 702(i,j+1) is provided on a line that is
perpendicular to the above line between the region 751H
provided in the pixel 702(i,j) and the region 751H provided
in the pixel 702(i,j+2).

[0309] Alternatively, for example, the region 751H pro-
vided 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. 10B). 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(i,j) and
the region 751H provided in the pixel 702(i+2,j).

[0310] 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 adja-
cent 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 panel with high convenience
or high reliability can be provided.

[0311] The reflective film can have a shape in which an
end portion is cut off so as to form the region 751H, for
example (see FIG. 10C). Specifically, the electrode 751(i )
whose end portion is cut off so as to be shorter in the column
direction (the direction indicated by an arrow C1 in the
drawing) can be used.

<<Electrode 752>>

[0312] For example, a material that can be used for the
wiring or the like can be used for the 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 electrode 752.

[0313] For example, a conductive oxide, a metal film thin
enough to transmit light, a metal nanowire, or the like can be
used for the electrode 752.

[0314] Specifically, a conductive oxide containing indium
can be used for the electrode 752. Alternatively, a metal thin
film with a thickness greater than or equal to 1 nm and less
than or equal to 10 mn can be used for the electrode 752.
Alternatively, a metal nanowire containing silver can be
used for the electrode 752.
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[0315] Specifically, indium oxide, indium tin oxide,
indium zinc oxide, zinc oxide, zinc oxide to which gallium
is added, zinc oxide to which aluminum is added, or the like
can be used for the electrode 752.

<<Alignment Films AF1 and AF2>>

[0316] 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 treat-
ment or an optical alignment technique such that a liquid
crystal material has predetermined alignment can be used.
[0317] 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.

<<Coloring Film CF1>>

[0318] 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.

[0319] For example, a material that transmits blue light,
green light, or red light can be used for the coloring film
CF1. In that case, the spectral width of light that is trans-
mitted through the coloring film CF1 can be narrowed, so
that clear display can be provided.

[0320] 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 yel-
low 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.

<<Light-Blocking Film BM>>

[0321] 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.

[0322] 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.

[0323] Alternatively, an inorganic compound, an inorganic
oxide, a composite oxide containing a solid solution of a
plurality of inorganic compounds, 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.

<<Insulating Film 771>>

[0324] The insulating film 771 can be formed of polyim-
ide, an epoxy resin, an acrylic resin, or the like.

<<Functional Films 770P and 770D>>

[0325] An antireflective film, a polarizing film, a retarda-
tion 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.

[0326] Specifically, a film containing a dichromatic pig-
ment can be used for the functional film 770P or the
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functional film 770D. Alternatively, a material with a colum-
nar 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 scat-
tered in other directions.

[0327] Alternatively, an antistatic film preventing the
attachment of a foreign substance, a water repellent film
suppressing the attachment of stain, a hard coat film sup-
pressing a scratch in use, or the like can be used as the
functional film 770P.

[0328] 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.
<<Second Display Element 550(i,/)>>

[0329] For example, a display element having a function
of emitting light can be used as the second display element
550(i,7). Specifically, a light-emitting diode or the like can be
used as the second display element 550(i 7). For example, a
micro LED can be used as the second display element
550(ij). Specifically, a micro LED whose light-emitting
region has an area of 1 mm?® or less, preferably 10000 pm?
or less, more preferably 3000 um? or less, still more pref-
erably 700 um? or less can be used as the second display
element 550(i,)).

[0330] The second display element 550(i,7) includes the
electrode 551(i,j), the electrode 552, and the multilayer film
553. The multilayer film 553 includes a semiconductor film.
The multilayer film 553 includes, for example, a p-type clad
layer, an n-type clad layer, and a light-emitting layer that
includes a region positioned between the p-type clad layer
and the n-type clad layer. For example, the electrode 551(i,j)
and the electrode 552 are electrically connected to the p-type
clad layer and the n-type clad layer, respectively. This allows
recombination of carriers in the light-emitting layer, result-
ing in light emission.

[0331] Forexample, a laminated material for emitting blue
light, green light, or red light can be used for the multilayer
film 553. Specifically, a compound of gallium and phospho-
rus, a compound of gallium and arsenic, a compound of
gallium, aluminum, and arsenic, a compound of aluminum,
gallium, indium, and phosphorus, a compound of indium
and gallium nitride, or the like can be used for the multilayer
film 553.

[0332] For example, any of the materials that can be used
for the wiring or the like can be used for the electrode
551(i,j) or the electrode 552. Alternatively, a material that
transmits light emitted from the multilayer film 553 and is
selected from the materials that can be used for the wiring
or the like can be used for the electrode 551(if).

[0333] For example, 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(i,j). Alterna-
tively, a metal film that is thin enough to transmit light can
be used for the electrode 551(i ).

<<Color Conversion Layer CC>>

[0334] A color conversion layer CC can be used. The color
conversion layer CC has a function of absorbing light of a
color that is emitted from the second display element 550(i,7)
and emitting light of a different color.

[0335] The color conversion layer CC has a function of
absorbing blue light emitted from the second display ele-
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ment 550(i,j) and emitting yellow light, for example. Thus,
yellow light emitted from the color conversion layer CC and
blue light transmitted through the color conversion layer CC
can be mixed, so that white light can be obtained.

[0336] The color conversion layer CC has a function of
absorbing near-ultraviolet light emitted from the second
display element 550(7,7) and emitting red light, green light,
and blue light, for example. Thus, a light-emitting element
that emits near-ultraviolet light can be used as the second
display element 550(i,j). Accordingly, near-ultraviolet light
can be converted to white light or light having an excellent
color rendering property.

[0337] For example, a phosphor can be used for the color
conversion layer. Alternatively, a quantum dot can be used
for the color conversion layer. The use of a quantum dot for
the color conversion layer allows emission of vivid-color
light with a narrow half width.

<<Conductive Materials 31 and 32>>

[0338] For example, a conductive paste, indium-contain-
ing solder, or an anisotropic conductive film can be used for
the conductive material 31 or the conductive material 32.

<<Driver Circuit GD>>

[0339] 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.

[0340] As the transistor MD, a transistor having a struc-
ture different from that of the transistor that can be used as
the switch SW1 can be used, for example. Specifically, a
transistor including the conductive film 524 can be used as
the transistor MD (see FIG. 5B).

[0341] Note that the transistor MD can have the same
structure as the transistor M.

<<Transistor>>

[0342] For example, semiconductor films formed in the
same process can be used for transistors in the driver circuit
and the pixel circuit.

[0343] 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.

[0344] 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 semicon-
ductor, for example. Furthermore, for example, a manufac-
turing line for a top-gate transistor including polysilicon as
a semiconductor can be easily remodeled into a manufac-
turing line for a top-gate transistor including an oxide
semiconductor as a semiconductor. In either reconstruction,
a conventional manufacturing line can be effectively used.
[0345] For example, a transistor including a semiconduc-
tor containing an element belonging to Group 14 for a
semiconductor film can be used. Specifically, a semiconduc-
tor containing silicon can be used for a semiconductor film.
For example, single crystal silicon, polysilicon, microcrys-

Apr. 5, 2018

talline silicon, or amorphous silicon can be used for the
semiconductor film of the transistor.

[0346] 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.

[0347] 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.

[0348] In addition, the transistor using polysilicon as a
semiconductor has higher reliability than the transistor using
amorphous silicon as a semiconductor.

[0349] Alternatively, a transistor including a compound
semiconductor can be used. Specifically, a semiconductor
containing gallium arsenide can be used for a semiconductor
film.

[0350] Alternatively, a transistor including an organic
semiconductor can be used. Specifically, an organic semi-
conductor containing any of polyacenes and graphene can be
used for a semiconductor film.

[0351] For example, a transistor using an oxide semicon-
ductor for a semiconductor film can be used. Specifically, an
oxide semiconductor containing indium or an oxide semi-
conductor containing indium, gallium, and zinc can be used
for a semiconductor film.

[0352] 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.

[0353] 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. Specifi-
cally, the selection signal can be supplied at a frequency of
lower than 30 Hz, preferably lower than 1 Hz, more pref-
erably less than once per minute while flickering is sup-
pressed. Consequently, eyestrain on a user of the data
processing device can be reduced, and power consumption
for driving can be reduced.

[0354] For example, a transistor including a semiconduc-
tor film 508, a conductive film 504, the conductive film
512A, and the conductive film 512B can be used as the
switch SW1 (see FIG. 6B). The insulating film 506 includes
a region positioned between the semiconductor film 508 and
the conductive film 504.

[0355] The conductive film 504 includes a region over-
lapping with the semiconductor film 508. The conductive
film 504 functions as a gate electrode. The insulating film
506 functions as a gate insulating film.

[0356] The conductive films 512A and 512B are electri-
cally connected to the semiconductor film 508. The conduc-
tive film 512A has one of a function of a source electrode
and a function of a drain electrode, and the conductive film
512B has the other.

[0357] Furthermore, a transistor including the conductive
film 524 can be used as the transistor included in the driver
circuit or the pixel circuit (see FIG. 5B). The conductive film
524 includes a region provided such that the semiconductor
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film 508 is positioned between the conductive film 504 and
the conductive film 524. The insulating film 516 includes a
region positioned between the conductive film 524 and the
semiconductor film 508. For example, the conductive film
524 can be electrically connected to a wiring that supplies
the same potential as that supplied to the conductive film
504.

[0358] A conductive film 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
film 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.

[0359] 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 contain-
ing silicon and nitrogen includes a region provided such that
the film containing silicon, oxygen, and nitrogen is posi-
tioned between the film containing silicon and nitrogen and
the semiconductor film 508.

[0360] For example, a 25-nm-thick film containing
indium, gallium, and zinc can be used as the semiconductor
film 508.

[0361] For example, a conductive film in which a 50-nm-
thick film containing tungsten, a 400-nm-thick film contain-
ing aluminum, and a 100-nm-thick film containing titanium
are stacked in this order can be used as the conductive film
512A or 512B. Note that the film containing tungsten
includes a region in contact with the semiconductor film
508.

<Structural Example 6 of Display Panel>

[0362] The structure of a display panel of one embodiment
of the present invention will be described with reference to
FIGS. 3A and 3B.

[0363] FIGS. 3A and 3B illustrate the structure of the
display panel of one embodiment of the present invention.
FIG. 3A is a cross-sectional view of a pixel, which corre-
sponds to the cross-sectional view taken along line Y1-Y2 in
FIG. 1A. FIG. 3B is a cross-sectional view illustrating part
of FIG. 3A.

[0364] The structure of the display panel described in this
structural example is the same as that of the display panel
700 described with reference to FIGS. 2A and 2B 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.

[0365] The display panel 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. 3A and 3B).

[0366] 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.

[0367] With such a structure, light emitted from the sec-
ond 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 effi-
ciently. Alternatively, the density of a current supplied to the
light-emitting diode can be decreased. Alternatively, the area
of the second display element can be increased. Alterna-
tively, the reliability of the light-emitting diode can be
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increased. Consequently, a novel display panel with high
convenience or high reliability can be provided.

[0368] For example, a plano-convex lens can be used as
the lens 580.

<<Lens 580>>

[0369] A plano-convex lens or a double-convex lens can
be used as the lens 580.

[0370] 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.

[0371] For example, a material including an oxide or a
sulfide can be used for the lens 580.

[0372] Specifically, cerium oxide, hafnium oxide, lantha-
num oxide, magnesium oxide, niobium 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.

[0373] 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. Alterna-
tively, the lens 580 can be formed using a material contain-
ing 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 nanopar-
ticles.

[0374] Note that this embodiment can be combined with
any of the other embodiments in this specification as appro-
priate.

Embodiment 2

[0375] In this embodiment, the structures of display
devices of embodiments of the present invention will be
described with reference to FIGS. 13A and 13B and FIGS.
14A to 14B3.

[0376] FIG. 13A is a block diagram illustrating the struc-
ture of the display device of one embodiment of the present
invention. FIG. 13B is a block diagram illustrating the
structure of a pixel illustrated in FIG. 13A.

[0377] FIG. 14A is a block diagram illustrating a structure
different from the structure of the display panel illustrated in
FIG. 13A. FIGS. 14B1 to 14B3 are external views of display
devices of embodiments of the present invention.

<Structural Example of Display Device>

[0378] The display device described in this embodiment
includes a control portion 238 and the display panel 700 (see
FIG. 13A).

<<Control Portion 238>>

[0379] The control portion 238 has a function of receiving
image data V1 and control data SS.
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[0380] The control portion 238 has a function of generat-
ing the data V11 and the data V12 on the basis of the image
data V1 and a function of supplying the data V11 and the
data V12.

[0381] For example, the control portion 238 includes a
decompression circuit 234 and an image processing circuit
235M.

<<Display Panel 700>>

[0382] The display panel 700 has a function of receiving
the data V11 and the data V12. The display panel 700
includes the pixel 702(i,j).

[0383] The pixel 702(i,j) includes the first display element
750(i,j) and the second display element 550(i,j) (see FIG.
13B).

[0384] The first display element 750(7,) has a function of

performing display on the basis of the data V11. The first
display element 750(i,j) is a reflective display element.
[0385] The second display element 550(i,7) has a function
of performing display on the basis of the data V12. The
second display element 550(i,j) is a light-emitting element.
[0386] Forexample, any of the display panels described in
Embodiment 1 can be used as the display panel 700.
Alternatively, the display panel 700B can be used. For
example, a television receiver system (see FIG. 14B1), a
video monitor (see FIG. 14B2), a laptop computer (see FIG.
14B3), or the like can be provided.

[0387] Thus, image data can be displayed by controlling
the intensity of light reflected by the reflective film with the
use of the first display eclement. Alternatively, the first
display element can use external light to display an image.
Alternatively, glare of external light can be hardly perceived.
Furthermore, image data can be displayed using the second
display element. Furthermore, image data can be displayed
using the second display element such that the image data
overlaps with the image data displayed using the first display
element. Furthermore, the image data displayed 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.
[0388] Hybrid display is a method for displaying text or an
image with the use of reflected light and self-emitted light
together in one panel that complement the color tone or light
intensity of each other. Alternatively, hybrid display is a
method for displaying text and/or an image with the use of
light from a plurality of display elements in one pixel or one
subpixel. Note that when a hybrid display that performs
hybrid display is locally observed, a pixel or a subpixel that
performs display using any one of the plurality of display
elements and a pixel or a subpixel that performs display
using two or more of the plurality of display elements are
included in some cases.

[0389] Note that in the present specification and the like,
hybrid display satisfies any one or a plurality of the above
descriptions.

[0390] Furthermore, a hybrid display includes a plurality
of display elements in one pixel or one subpixel. Note that
as an example of the plurality of display elements, a reflec-
tive element that reflects light and a self-luminous element
that emits light can be given. Note that the reflective element
and the self-luminous element can be controlled indepen-
dently. A hybrid display has a function of displaying text
and/or an image with the use of one or both of reflected light
and self-emitted light in a display portion.
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<<Decompression Circuit 234>>

[0391] The decompression circuit 234 has a function of
decompressing the image data V1 supplied in a compressed
state. The decompression circuit 234 includes a memory
portion. The memory portion has a function of storing
decompressed image data, for example (see FIG. 13A).
<<Image processing Circuit 235M>>

[0392] The image processing circuit 235M includes a
region 235M(1) and a region 235M(2), for example.
[0393] The region 235M(1) or the region 235M(2) has a
function of storing data contained in the image data V1, for
example.

[0394] The image processing circuit 235M has a function
of generating the data V11 by correcting the image data V1
on the basis of a predetermined characteristic curve and a
function of supplying the data V11, for example. Specifi-
cally, the image processing circuit 235M has a function of
generating the data V11 so that the first display element
displays a favorable image.

[0395] The image processing circuit 235M has a function
of generating the data V12 by correcting the image data V1
on the basis of a predetermined characteristic curve and a
function of supplying the data V12, for example. Specifi-
cally, the image processing circuit 235M has a function of
generating the data V12 so that the second display element
displays a favorable image.

[0396] Note that this embodiment can be combined with
any of the other embodiments in this specification as appro-
priate.

Embodiment 3

[0397] Inthis embodiment, the structure of an input/output
device of one embodiment of the present invention will be
described with reference to FIG. 15.

[0398] FIG. 15 is a block diagram illustrating the structure
of the input/output device of one embodiment of the present
invention.

<Structural Example of Input/Output Device>

[0399] The input/output device described in this embodi-
ment includes a display portion 230 and an input portion 240
(see FIG. 15). For example, the display panel 700 described
in Embodiment 1 can be used for the display portion 230.
[0400] The input portion 240 includes a sensing region
241 and has a function of sensing an object that approaches
the sensing region 241.

[0401] The sensing region 241 includes a region overlap-
ping with the pixel 702(i,j).

<<Input Portion 240>>

[0402] The input portion 240 includes a sensing region
241 and can include an oscillator circuit OSC and a detection
circuit DC (see FIG. 15).

[0403] The sensing region 241 can include a sensor ele-
ment, for example.

<<Sensor Element>>

[0404] A sensor element has a function of sensing an
approaching pointer. For example, a finger, a stylus pen, or
the like can be used as the pointer. Specifically, a piece of
metal, a coil, or the like can be used for the stylus pen.
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[0405] For example, a capacitive proximity sensor, an
electromagnetic inductive proximity sensor, an optical prox-
imity sensor, a resistive proximity sensor, or the like can be
used as the sensor element.

[0406] Alternatively, a plurality of kinds of proximity
sensors can be used in combination. For example, a prox-
imity sensor that senses a finger and a proximity sensor that
senses a stylus pen can be used in combination. This allows
determination of the kind of a pointer. Alternatively, an
instruction can be associated with sensing data depending on
the kind of a pointer. Specifically, in the case where it is
determined that a finger is used as a pointer, sensing data can
be associated with a gesture. In the case where it is deter-
mined that a stylus pen is used as a pointer, sensing data can
be associated with drawing processing.

[0407] Specifically, a capacitive proximity sensor or an
optical proximity sensor can be used to sense a finger.
Alternatively, an electromagnetic inductive proximity sen-
sor or an optical proximity sensor can be used to sense a
stylus pen.

[0408] Note that this embodiment can be combined with
any of the other embodiments in this specification as appro-
priate.

Embodiment 4

[0409] Inthis embodiment, the structure of an input/output
panel of one embodiment of the present invention will be
described with reference to FIGS. 16A to 16C to FIG. 18.
[0410] FIGS. 16A to 16C illustrate the structure of the
input/output panel that can be used for the input/output
device of one embodiment of the present invention. FIG.
16A is a top view of the input/output panel. FIG. 16B is a
schematic view illustrating part of an input portion of the
input/output panel, and FIG. 16C is a schematic view
illustrating part of FIG. 16B.

[0411] FIGS. 17A and 17B and FIG. 18 illustrate the
structure of the input/output panel which can be used for the
input/output device of one embodiment of the present inven-
tion. FIG. 17A is a cross-sectional view taken along lines
X1-X2 and X3-X4 in FIG. 16A and line X5-X6 in FIG. 16C.
FIG. 17B is a cross-sectional view illustrating part of the
structure illustrated in FIG. 17A.

[0412] FIG. 18 is a cross-sectional view taken along line
X7-X8 in FIG. 16C and lines X9-X10 and X11-X12 in FIG.
16A.

<Structural Example 1 of Input/Output Panel>

[0413] The input/output panel 700TP2 described in this
embodiment is different from the display panel 700
described in Embodiment 1, for example, in that the func-
tional layer 720 has a different structure and a top-gate
transistor is provided. Different portions will be described in
detail below, and the above description is referred to for the
similar portions.

<<Functional Layer 720>>

[0414] The functional layer 720 includes a region posi-
tioned between the substrate 770 and the insulating film
501C. The functional layer 720 includes the light-blocking
film BM, the insulating film 771, the coloring film CF1, a
control line CL(g), a sensor signal line ML(h), and a sensor
element 775(g, k) (see FIG. 17A).
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[0415] Note that a gap between the control line CL(g) and
the electrode 752 or between the sensor signal line ML(h)
and the electrode 752 is greater than or equal to 0.2 um and
less than or equal to 16 pum, preferably greater than or equal
to 1 um and less than or equal to 8 um, more preferably
greater than or equal to 2.5 um and less than or equal to 4
um. This can reduce an influence of a control signal or a
sensor signal on the display state of the first display element.
Furthermore, the input/output panel can be made thin.

<<Sensing Region 241>>

[0416] The sensing region 241 includes part of the func-
tional layer 720. For example, the sensing region 241
includes the control line CL(g), the sensor signal line ML(h),
and the sensor element 775(g /).

[0417] The sensor element 775(g /) is electrically con-
nected to the control line CL(g) and the sensor signal line
ML(h).

[0418] The control line CL(g) has a function of supplying
a control signal. The sensor signal line ML(h) has a function
of receiving a sensor signal.

<<Sensor Element 775(g,7)>>

[0419] The sensor element 775(g,~z) has a function of
supplying a sensor signal that varies in accordance with a
control signal and a distance between a region overlapping
with the pixel 702(i,j) and an object approaching the region.
The sensor element 775(g, /) includes a first electrode C(g)
and a second electrode M(h).

[0420] The first electrode C(g) includes a light-transmit-
ting region in the region overlapping with the pixel 702(i,j)
and is electrically connected to the control line CL(g).
[0421] The second electrode M(h) includes a light-trans-
mitting region in the region overlapping with the pixel
702(i,j) and is electrically connected to the sensor signal line
ML(h). The second electrode M(h) is located such that an
electric field part of which is blocked by an object approach-
ing the region overlapping with the pixel 702(i,f) is gener-
ated between the second electrode M(h) and the first elec-
trode C(g).

[0422] With such a structure, an object approaching the
region overlapping with the display portion can be sensed
while image data is displayed by the display portion. Alter-
natively, a finger or the like that approaches the display
portion can be used as a pointer to input positional data.
Alternatively, positional data can be associated with image
data displayed on the display portion. Consequently, a novel
input/output device with high convenience or high reliability
can be provided.

<<QOscillation Circuit OSC>>

[0423] The oscillator circuit OSC is electrically connected
to the control line CL(g) and has a function of supplying a
control signal. For example, a rectangular wave, a sawtooth
wave, a triangular wave, or the like can be used as the
control signal.

<<Detection Circuit DC>>

[0424] The detection circuit DC is electrically connected
to the sensor signal line ML(h) and has a function of
supplying a sensor signal in response to a change in the
potential of the sensor signal line ML(h). Note that the
sensor signal includes positional data P1, for example.
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<<Display Portion 230>>

[0425] Any of the display panels described in Embodi-
ment 1 can be used for the display portion 230, for example.
Alternatively, the display device described in Embodiment 2
can be used for the display portion 230.

[0426] Note that part of light emitted from the second
display element 550(i,/) passes through the layer 753 con-
taining a liquid crystal material and then is reflected by the
control line CL(g), the electrode 752, or the like in some
cases. Reflection is repeated between the electrode 752 and
the electrode 751(i,j) in some cases, for example. Alterna-
tively, reflection is repeated between the substrate 770 and
the electrode 751(i,j) in some cases. Thus, image data can be
displayed like indirect lighting with light emitted from the
second display element. Alternatively, the second display
element can display an image which gives less stress on
eyes.

<<Sensor Element 775(g,7)>>

[0427] The sensor element 775(g,/) includes the first
electrode C(g) and the sensor signal line ML(h).

[0428] For example, a light-transmitting conductive film
can be used for the first electrode C(g) and the sensor signal
line ML(h). Alternatively, a conductive film having an
opening at a region overlapping with the pixel 702(i,j) can
be used for the first electrode C(g) and the sensor signal line
ML(h). Accordingly, an object that approaches the region
overlapping with the display panel can be sensed without
disturbing display of the display panel.

[0429] Alternatively, a metal film having higher conduc-
tivity than a transparent conductive film can be used for the
first electrode C(g) and the sensor signal line ML(h). Thus,
the thickness of the input/output device can be reduced.
[0430] Note that the light-blocking film BM can be used
(see FIG. 16B and FIG. 18). The light-blocking film BM
includes a region overlapping with the first electrode C(g)
and the sensor signal line ML(h) and a region positioned
between the substrate 770 and the first electrode C(g) or
between the substrate 770 and the sensor signal line ML(h),
for example. Thus, the intensity of external light reflected by
the sensor element 775(g, /) can be reduced. Consequently,
a novel input/output device with high convenience or high
reliability can be provided.

[0431] The sensing region 241 includes a group consisting
of sensor elements 775(g,1) to 775(g,q) and another group
consisting of sensor elements 775(1,%) to 775(p, %) (see FIG.
15). Note that g is an integer greater than or equal to 1 and
less than or equal top, h is an integer greater than or equal
to 1 and less than or equal to q, and each of p and q is an
integer greater than or equal to 1.

[0432] The one group of sensor elements 775(g,1) to
775(g,q) include the sensor element 775(g,/) and are
arranged in the row direction (indicated by the arrow R2 in
the drawing). Note that the direction indicated by the arrow
R2 in FIG. 15 may be the same as or different from the
direction indicated by the arrow R1 in FIG. 15.

[0433] The another group of sensor elements 775(1,%) to
775(p, k) include the sensor element 775(g, /) and are pro-
vided in the column direction (indicated by the arrow C2 in
FIG. 15) that intersects the row direction.

[0434] The one group of sensor elements 775(g,1) to
775(g,q) provided in the row direction include the first
electrode C(g) that is electrically connected to the control
line CL(g) (see FIG. 16B). For example, a conductive film
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that can be formed in the same step can be used for the
control line CL(g) and the first electrode C(g).

[0435] The another group of sensor elements 775(1,%) to
775(p,h) provided in the column direction include the elec-
trode M(h) electrically connected to the sensor signal line
ML(h). For example, a conductive film that can be formed
in the same step can be used for a control line ML(h) and the
electrode M(h).

[0436] The control line CL(g) includes a conductive film
BR(g,h) (see FIGS. 16B and 16C and FIG. 17A). The
conductive film BR(g,h) includes a region overlapping with
the sensor signal line ML(h).

[0437] An insulating film 706 includes a region positioned
between the sensor signal line ML(h) and the conductive
film BR(g,h). Thus, a short circuit between the sensor signal
line ML(h) and the conductive film BR(gh) can be pre-
vented.

<<Conductive Film 511D>>

[0438] The input/output panel 700TP2 described in this
embodiment includes a conductive film 511D (see FIG. 18).
[0439] Note that the conductive material CP or the like can
be provided between the control line CL(g) and the conduc-
tive film 511D to electrically connect the control line CL(g)
and the conductive film 511D. Alternatively, the conductive
material CP or the like can be provided between the sensor
signal line ML(h) and the conductive film 511D to electri-
cally connect the sensor signal line ML(h) and the conduc-
tive film 511D. A material that can be used for the wiring or
the like can be used for the conductive film 511D, for
example.

<<Terminal 519D>>

[0440] The input/output panel 700TP2 described in this
embodiment includes a terminal 519D. The terminal 519D is
electrically connected to the conductive film 511D.

[0441] For example, a material that can be used for the
wiring or the like can be used for the terminal 519D.
Specifically, the terminal 519D can have the same structure
as that of the terminal 519B or the terminal 519C (see FIG.
18).

[0442] Note that the terminal 519D can be electrically
connected to a flexible printed circuit FPC2 using a con-
ductive material ACF2, for example. Thus, a control signal
can be supplied to the control line CL(g) with the use of the
terminal 519D, for example. Alternatively, a sensor signal
can be supplied from the sensor signal line ML(h) with the
use of the terminal 519D.

<<Switch SW1, Transistor M, and Transistor MD>>

[0443] A transistor that can be used as the switch SW1, the
transistor M, and the transistor MD include the conductive
film 504 including a region overlapping with the insulating
film 501C and the semiconductor film 508 including a
region located between the insulating film 501C and the
conductive film 504. Note that the conductive film 504
serves as a gate electrode (see FIG. 17B).

[0444] The semiconductor film 508 includes a first region
508A, a second region 508B, and a third region 508C. The
first region 508 A and the second region 508B do not overlap
with the conductive film 504. The third region 508C is
positioned between the first region 508A and the second
region 508B and overlaps with the conductive film 504.
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[0445] The transistor MD includes the insulating film 506
between the third region 508C and the conductive film 504.
Note that the insulating film 506 functions as a gate insu-
lating film.

[0446] The first region 508A and the second region 508B
have a lower resistivity than the third region 508C, and
function as a source region and a drain region.

[0447] For example, plasma treatment using a gas con-
taining a rare gas is performed on an oxide semiconductor
film, whereby the first region 508A and the second region
508B can be formed in the semiconductor film 508.
[0448] For example, the conductive film 504 can be used
as a mask. The use of the conductive film 504 as a mask
allows the shape of part of the third region 508C to be
self-aligned with the shape of an end of the conductive film
504.

[0449] The transistor MD includes the conductive film
512A and the conductive film 512B that are in contact with
the first region 508A and the second region 508B, respec-
tively. The conductive film 512A and the conductive film
512B function as a source electrode and a drain electrode.
[0450] For example, a transistor that can be fabricated in
the same process as the transistor MD can be used as the
transistor M.

<Structural Example 2 of Input/Output Panel>

[0451] The structure of an input/output panel of one
embodiment of the present invention will be described with
reference to FIG. 19.

[0452] FIG. 19 illustrates the structure of the input/output
panel of one embodiment of the present invention. FIG. 19
is a cross-sectional view of a pixel included in the input/
output panel.

[0453] An input/output panel 700TP3 described in this
structural example includes the pixel 702(,;) (see FIG. 19).
The input/output panel 700TP3 includes a first unit 10, a
second unit 20, an input unit 30, and the functional film
770P. The first unit 10 includes the functional layer 520, and
the second unit 20 includes the functional layer 720.
<<Pixel 702(i,j)>>

[0454] The pixel 702(i,j) includes a portion of the func-
tional layer 520, the first display element 750(i,/), and the
second display element 550(i,j) (see FIG. 19).

[0455] The functional layer 520 includes the first conduc-
tive film, the second conductive film, the insulating film
501C, and the pixel circuit 530(7,/). The pixel circuit 530(i,7)
that is not illustrated includes the transistor M, for example.
The functional layer 520 includes the optical element 560,
the covering film 565, and the lens 580. The functional layer
520 includes the insulating film 528 and the insulating film
521. A stack of the insulating film 521A and the insulating
film 521B can be used as the insulating film 521.

[0456] For example, a material whose refractive index is
around 1.55 can be used for the insulating film 521A or the
insulating film 521B. Alternatively, a material whose refrac-
tive index is around 1.6 can be used for the insulating film
521A or the insulating film 521B. Alternatively, an acrylic
resin or polyimide can be used for the insulating film 521A
or the insulating film 521B.

[0457] The insulating film 501C includes a region posi-
tioned between the first conductive film and the second
conductive film and has an opening 591A.

[0458] The first conductive film is electrically connected
to the first display element 750(i,;). Specifically, the first
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conductive film is electrically connected to an electrode
751(i,j) of the first display element 750(i,j). The electrode
751(i,j) can be used as the first conductive film.

[0459] The second conductive film includes a region over-
lapping with the first conductive film. The second conduc-
tive film is electrically connected to the first conductive film
through the opening 591 A. For example, the conductive film
512B can be used as the second conductive film. The second
conductive film is electrically connected to the pixel circuit
530(i,j). For example, a conductive film that functions as a
source electrode or a drain electrode of a transistor used as
the switch SW1 of the pixel circuit 530(i,j) can be used as
the second conductive film. Note that the first conductive
film electrically connected to the second conductive film in
the opening 591A formed in the insulating film 501C can be
referred to as a through electrode.

[0460] The second display element 550(i,;) is electrically
connected to the pixel circuit 530(,j). The second display
element 550(i,j) has a function of emitting light toward the
functional layer 520. The second display element 550(i ;)
has a function of emitting light toward the lens 580 or the
optical element 560, for example.

[0461] The second display element 550(i;) is provided
such that display using the second display element 550(i,7)
can be seen from part of a region where display using the
first display element 750(i,j) can be seen. For example, the
electrode 751(i,j) of the first display element 750(i;)
includes the region 751H where light emitted from the
second display element 550(i;) is not blocked. Note that
dashed arrows shown in FIG. 19 denote the directions in
which external light is incident on and reflected by the first
display element 750(i,j) that displays image data by con-
trolling the intensity of external light reflection. In addition,
a solid arrow shown in FIG. 19 denotes the direction in
which the second display element 550(i,j) emits light to the
part of the region where display using the first display
element 750(i,/) can be seen.

[0462] Accordingly, display using the second display ele-
ment can be seen from part of the region where display using
the first display element can be seen. Alternatively, a user
can see display without changing the attitude or the like of
the input/output panel. 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. Consequently, a novel input/output
panel with high convenience or high reliability can be
provided.

[0463] The first display element 750(i,j) includes the elec-
trode 751(i,j), the electrode 752, and the layer 753 contain-
ing a liquid crystal material, for example. The first display
element 750(i,j) further includes the alignment film AF1 and
the alignment film AF2. Specifically, a reflective liquid
crystal element can be used as the first display element
750(i,7).

[0464] For example, a transparent conductive film whose
refractive index is around 2.0 can be used as the electrode
752 or the electrode 751(i,j). Specifically, an oxide contain-
ing indium, tin, and silicon can be used for the electrode 752
or the electrode 751(i,j). Alternatively, a material whose
refractive index is around 1.6 can be used for the alignment
film.
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[0465] The second display element 550(i,7) includes the
electrode 551(i,j), the electrode 552, and a multilayer film
553(j), for example. The electrode 551(i,j) is electrically
connected to the pixel circuit 530(ij) at the connection
portion 522. Specifically, a light-emitting diode can be used
as the second display element 550(,j).

[0466] For example, a transparent conductive film having
a refractive index of around 2.0 can be used for the electrode
551(i,j). Specifically, an oxide containing indium, tin, and
silicon can be used for the electrode 551(i,)).

[0467] The optical element 560 has a light-transmitting
property and includes a first region, a second region, and a
third region.

[0468] The first region includes a region to which visible
light is supplied from the second display element 550(,),
the second region includes a region in contact with the
covering film 565, and the third region has a function of
emitting part of visible light. The third region has an area
smaller than or equal to the area of the region of the first
region to which visible light is supplied.

[0469] The covering film 565 has visible light reflectivity
and has a function of reflecting part of visible light and
supplying it to the third region.

[0470] For example, a metal can be used for the covering
film 565. 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
covering film 565.

<<Functional Layer 720>>

[0471] The functional layer 720 includes a region posi-
tioned between the substrate 770 and the insulating film
501C. The functional layer 720 further includes the insulat-
ing film 771 and the coloring film CF1.

[0472] The coloring film CF1 includes a region positioned
between the substrate 770 and the first display element
750(i.,7).

[0473] The insulating film 771 includes a region posi-
tioned between the coloring film CF1 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. Furthermore, the insulating film 771 can prevent
impurities from diffusing from the coloring film CF1 or the
like to the layer 753 containing a liquid crystal material.

[0474] For example, an acrylic resin whose refractive
index is around 1.55 can be used for the insulating film 771.

<<Substrate 570 and Substrate 770>>

[0475] The input/output panel described in this embodi-
ment includes the substrate 570 and the substrate 770.

[0476] The substrate 770 includes a region overlapping
with the substrate 570. The substrate 770 includes a region
provided such that the functional layer 520 is positioned
between the substrate 770 and the substrate 570.

[0477] The substrate 770 includes a region overlapping
with the first display element 750(i,j). For example, a
material with low birefringence can be used for the region.

[0478] For example, a resin material whose refractive
index is around 1.5 can be used for the substrate 770.
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<<Bonding Layer 505>>

[0479] The input/output panel described in this embodi-
ment also includes the bonding layer 505.

[0480] 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.

<<Structure Bodies KB1 and KB2>>

[0481] The input/output panel described in this embodi-
ment includes the structure body KB1 and a structure body
KB2.

[0482] The structure body KB1 has a function of provid-
ing a certain space between the functional layer 520 and the
substrate 770. The structure body KB1 includes a region
overlapping with the region 751H and has a light-transmit-
ting property. Thus, light emitted from the second display
element 550(i;) can be supplied to one surface of the
structure body KB1 and extracted from the other surface.
[0483] Furthermore, the structure body KB1 includes a
region overlapping with the optical element 560 and is
formed using a material whose refractive index is different
from that of a material used for the optical element 560 by
0.2 or less, for example. Accordingly, light emitted from the
second display element can be used efficiently. Alternatively,
the area of the second display element can be increased.
Alternatively, the density of a current supplied to a light-
emitting diode can be decreased.

[0484] The structure body KB2 has a function of control-
ling the thickness of a polarizing layer 770PB to be a
predetermined thickness. The structure body KB2 includes a
region overlapping with the second display element 550(i,f)
and has a light-transmitting property.

[0485] A material that transmits light of a predetermined
color may be used for the structure body KB1 or KB2. Thus,
the structure body KB1 or KB2 can be used as a color filter,
for example. For example, a material that transmits blue
light, green light, or red light can be used for the structure
body KB1 or KB2. Alternatively, a material that transmits
yellow light, white like, or the like can be used for the
structure body KB1 or KB2.

[0486] Specifically, polyester, polyolefin, polyamide,
polyimide, polycarbonate, polysiloxane, an acrylic resin, or
the like, or a composite material of a plurality of kinds of
resins selected from these can be used for the structure
bodies KB1 and KB2. Alternatively, a photosensitive mate-
rial may be used.

[0487] For example, an acrylic resin whose refractive
index is around 1.5 can be used for the structure body KB1.
An acrylic resin whose refractive index is around 1.55 can
be used for the structure body KB2.

<<Input Unit 30>>

[0488] The input unit 30 includes a sensor element. The
sensor element has a function of sensing an object that
approaches a region overlapping with the pixel 702(i,j).
Accordingly, a finger or the like that approaches the display
portion can be used as a pointer to input positional data.

[0489] For example, a capacitive proximity sensor, an
electromagnetic inductive proximity sensor, an optical prox-
imity sensor, a resistive proximity sensor, or a surface
acoustic wave proximity sensor can be used as the input unit
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30. Specifically, a surface capacitive proximity sensor, a
projected capacitive proximity sensor, or an infrared prox-
imity sensor can be used.

[0490] For example, a touch sensor which includes a
capacitive proximity sensor and whose refractive index is
around 1.6 can be used as the input unit 30.

<<Functional Films 770D and 770P and Other
Components>>
[0491] The input/output panel 700TP3 described in this

embodiment includes the functional film 770D and the
functional film 770P.

[0492] The functional film 770D includes a region over-
lapping with the first display element 750(i;). The func-
tional film 770D includes a region provided such that the
first display element 750(i;) is positioned between the
functional film 770D and the functional layer 520.

[0493] For example, a light diffusion film can be used as
the functional film 770D. Specifically, a material with a
columnar structure having an axis along the direction inter-
secting a surface of a base can be used for the functional film
770D. In that case, light can be easily transmitted in the
direction along the axis and easily scattered in other direc-
tions. For example, light reflected by the first display ele-
ment 750(i,j) can be diffused.

[0494] The functional film 770P includes the polarizing
layer 770PB, a retardation film 770PA, and the structure
body KB2. The polarizing layer 770PB includes an opening,
and the retardation film 770PA includes a region overlapping
with the polarizing layer 770PB. Note that the structure body
KB2 is provided in the opening.

[0495] For example, a dichromatic pigment, a liquid crys-
tal material, and a resin can be used for the polarizing layer
770PB. The polarizing layer 770PB has a polarization
property. In that case, the functional film 770P can be used
as a polarizing plate.

[0496] The polarizing layer 770PB includes a region over-
lapping with the first display element 750(i;), and the
structure body KB2 includes a region overlapping with the
second display element 550(7,/). Thus, a liquid crystal ele-
ment can be used as the first display element. For example,
a reflective liquid crystal element can be used as the first
display element. Alternatively, light emitted from the second
display element can be extracted efficiently. Alternatively,
the density of a current supplied to a light-emitting diode can
be decreased. Alternatively, the reliability of a light-emitting
diode can be increased.

[0497] For example, an anti-reflection film, a polarizing
film, or a retardation film can be used as the functional film
770P. Specifically, a film containing a dichromatic pigment
and a retardation film can be used as the functional film
770P.

[0498] Alternatively, an antistatic film preventing the
attachment of a foreign substance, a water repellent film
suppressing the attachment of stain, a hard coat film sup-
pressing a scratch in use, or the like can be used as the
functional film 770P.

[0499] For example, a material whose refractive index is
around 1.6 can be used for a diffusion film. A material whose
refractive index is around 1.6 can be used for the retardation
film 770PA.

[0500] Note that this embodiment can be combined with
any of the other embodiments in this specification as appro-
priate.
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Embodiment 5

[0501] In this embodiment, the structure of a data pro-
cessing device of one embodiment of the present invention
will be described with reference to FIGS. 20A to 20C, FIGS.
21A and 21B, and FIG. 22.

[0502] FIG. 20A is a block diagram illustrating the struc-
ture of the data processing device of one embodiment of the
present invention. FIGS. 20B and 20C are projection views
each illustrating an example of an external view of the data
processing device 200.

[0503] FIGS. 21A and 21B are flow charts showing a
program of one embodiment of the present invention. FIG.
21A is a flow chart showing main processing of the program
of one embodiment of the present invention. FIG. 21B is a
flow chart showing interrupt processing.

[0504] FIG. 22 is a flow chart showing interrupt process-
ing of the program of one embodiment of the present
invention.

<Structural Example 1 of Data Processing Device>

[0505] The data processing device 200 described in this
embodiment includes an input/output device 220 and an
arithmetic device 210 (see FIG. 20A). The input/output
device 220 is electrically connected to the arithmetic device
210. Furthermore, the data processing device 200 can
include a housing (see FIG. 20B or 20C).

[0506] The input/output device 220 includes the display
portion 230 and the input portion 240 (see FIG. 20A). The
input/output device 220 includes a sensor portion 250. The
input/output device 220 can include a communication por-
tion 290.

[0507] The input/output device 220 has a function of
receiving the image data V1 or the control data SS and a
function of supplying the positional data P1 or sensing data
S1.

[0508] The arithmetic device 210 has a function of receiv-
ing the positional data P1 or the sensing data S1. The
arithmetic device 210 has a function of supplying the image
data V1. The arithmetic device 210 has a function of
operating on the basis of the positional data P1 or the sensing
data S1.

[0509] Note that the housing has a function of housing the
input/output device 220 or the arithmetic device 210. Alter-
natively, the housing has a function of supporting the display
portion 230 or the arithmetic device 210.

[0510] The display portion 230 has a function of display-
ing an image on the basis of the image data V1. The display
portion 230 has a function of displaying an image on the
basis of the control data SS.

[0511] The input portion 240 has a function of supplying
the positional data P1.

[0512] The sensor portion 250 has a function of supplying
the sensing data S1. The sensor portion 250 has a function
of sensing the illuminance of the environment where the
data processing device 200 is used and a function of sup-
plying illuminance data, for example.

[0513] Thus, the data processing device can determine the
intensity of light received by the housing of the data pro-
cessing device and operate in a usage environment. Alter-
natively, a user of the data processing device can select a
display method. Specifically, when a display method using
the first display element is selected, power consumption can
be reduced, for example. Alternatively, when a display



US 2018/0095559 Al

method using the second display element is selected, display
can be performed in a dark place, for example. Alternatively,
when a display method using the first display element
750(i,j) and the second display element 550(i,j) is selected,
display that is based on the user’s preference and comfort-
able for the user can be performed. Consequently, a novel
data processing device with high convenience or high reli-
ability can be provided.

[0514] Individual components included in the data pro-
cessing device will be described below. Note that these
components cannot be clearly distinguished from each other
and one component may also serve as another component or
include part of another component. For example, a touch
panel in which a touch sensor is provided to overlap with a
display panel serves as an input portion as well as a display
portion.

<<Structural Example>>

[0515] The data processing device 200 of one embodiment
of the present invention includes a housing or the arithmetic
device 210.

[0516] The arithmetic device 210 includes an arithmetic
portion 211, a memory portion 212, a transmission path 214,
and an input/output interface 215.

[0517] The data processing device of one embodiment of
the present invention includes the input/output device 220.
[0518] The input/output device 220 includes the display
portion 230, the input portion 240, the sensor portion 250,
and the communication portion 290.

<<Data Processing Device>>

[0519] The data processing device of one embodiment of
the present invention includes the arithmetic device 210 and
the input/output device 220.

<<Arithmetic Device 210>>

[0520] The arithmetic device 210 includes the arithmetic
portion 211 and the memory portion 212. The arithmetic
device 210 also includes the transmission path 214 and the
input/output interface 215.

<<Arithmetic Portion 211>>

[0521] The arithmetic portion 211 has a function of
executing a program, for example.

<<Memory Portion 212>>

[0522] The memory portion 212 has a function of, for
example, storing a program executed by the arithmetic
portion 211, initial data, setting data, an image, or the like.
[0523] Specifically, a hard disk, a flash memory, a memory
including a transistor including an oxide semiconductor, or
the like can be used for the memory portion 212.

<<Input/Output Interface 215 and Transmission Path 214>>

[0524] The input/output interface 215 includes a terminal
or a wiring and has a function of supplying and receiving
data. The input/output interface 215 can be electrically
connected to the transmission path 214 and the input/output
device 220.

[0525] The transmission path 214 includes a wiring and
has a function of supplying and receiving data. For example,
the transmission path 214 can be electrically connected to
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the input/output interface 215. In addition, the transmission
path 214 can be electrically connected to the arithmetic
portion 211 and the memory portion 212.

<<Input/Output Device 220>>

[0526] The input/output device 220 includes the display
portion 230, the input portion 240, the sensor portion 250,
and the communication portion 290. For example, the input/
output device described in Embodiment 3 can be used. In
that case, power consumption can be reduced.

<<Display Portion 230>>

[0527] The display portion 230 includes the control por-
tion 238, the driver circuit GD, the driver circuit SD, and the
display panel 700 (see FIG. 13A). For example, any of the
display devices described in Embodiment 2 can be used for
the display portion 230.

<<Input Portion 240>>

[0528] Any of a variety of human interfaces or the like can
be used as the input portion 240 (see FIGS. 20A to 20C).

[0529] For example, a keyboard, a mouse, a touch sensor,
a microphone, a camera, or the like can be used as the input
portion 240. Note that a touch sensor having a region
overlapping with the display portion 230 can be used. An
input/output device that includes the display portion 230 and
a touch sensor having a region overlapping with the display
portion 230 can be referred to as a touch panel or a touch
screen.

[0530] For example, a user can make various gestures
(e.g., tap, drag, swipe, and pinch in) using his/her finger as
a pointer on the touch panel.

[0531] The arithmetic device 210, for example, analyzes
data on the position, track, or the like of the finger on the
touch panel and determines that a specific gesture is supplied
when the analysis results meet predetermined conditions.
Therefore, the user can supply a certain operation instruction
associated with a predetermined gesture by using the ges-
ture.

[0532] For instance, the user can supply a “scrolling
instruction” for changing a portion where image data is
displayed by using a gesture of touching and moving his/her
finger on the touch panel.

<<Sensor Portion 250>>

[0533] The sensor portion 250 has a function of sensing
the ambient conditions and supplying the sensing data.
Specifically, the sensor portion 250 can supply illuminance
data, attitude data, pressure data, positional data, and the
like.

[0534] For example, a photosensor, an attitude sensor, an
acceleration sensor, a direction sensor, a global positioning
system (GPS) signal receiving circuit, a pressure sensor, a
temperature sensor, a humidity sensor, a camera, or the like
can be used as the sensor portion 250.

<<Communication Portion 290>>

[0535] The communication portion 290 has a function of
supplying and acquiring data to/from a network.
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<<Program>>

[0536] The program of one embodiment of the present
invention has the following steps (see FIG. 21A).

[First Step]

[0537] In a first step, setting is initialized (see S1 in FIG.
21A).
[0538] Forexample, predetermined image data which is to

be displayed on start-up and data for determining a prede-
termined mode of displaying the image data and a prede-
termined method of displaying the image data are acquired
from the memory portion 212. Specifically, still image data
or moving image data can be used as the predetermined
image data. Furthermore, a first mode or a second mode can
be used as the predetermined mode. Furthermore, a first
display method, a second display method, or a third display
method can be used as the predetermined display method.

[Second Step]

[0539] In a second step, interrupt processing is allowed
(see S2 in FIG. 21A). Note that an arithmetic device allowed
to execute the interrupt processing can perform the interrupt
processing in parallel with the main processing. The arith-
metic device which has returned from the interrupt process-
ing to the main processing can reflect the results of the
interrupt processing in the main processing.

[0540] The arithmetic device may execute the interrupt
processing when a counter has an initial value, and the
counter may be set at a value other than the initial value
when the arithmetic device returns from the interrupt pro-
cessing. Thus, the interrupt processing is ready to be
executed after the program is started up.

[Third Step]

[0541] In a third step, image data is displayed in a prede-
termined mode or a predetermined display method selected
in the first step or the interrupt processing (see S3 in FIG.
21A). Note that the predetermined mode identifies a mode
for displaying the data, and the predetermined display
method identifies a method for displaying image data. For
example, the image data V1, the data V11, or the data V12
can be used for data to be displayed.

[0542] For example, a method for displaying the image
data V1 can be associated with the first mode. Another
method for displaying the image data V1 can be associated
with the second mode. Thus, a display method can be
selected on the basis of the selected mode.

[0543] Forexample, three different methods for displaying
the image data V1 can be associated with the first display
method to the third display method. Thus, display can be
performed on the basis of the selected display method.

<<First Mode>>

[0544] Specifically, a method of supplying selection sig-
nals to a scan line at a frequency of 30 Hz or more,
preferably 60 Hz or more, and performing display in accor-
dance with the selection signals can be associated with the
first mode.

[0545] For example, the supply of selection signals at a
frequency of 30 Hz or more, preferably 60 Hz or more, can
display a smooth moving image.
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[0546] For example, an image is refreshed at a frequency
of'30 Hz or more, preferably 60 Hz or more, so that an image
smoothly following the user’s operation can be displayed on
the data processing device 200 the user operates.

<<Second Mode>>

[0547] Specifically, a method of supplying selection sig-
nals to a scan line at a frequency of less than 30 Hz,
preferably less than 1 Hz, further preferably less than once
a minute and performing display in accordance with the
selection signals can be associated with the second mode.
[0548] The supply of selection signals at a frequency of
less than 30 Hz, preferably less than 1 Hz, more preferably
less than once a minute, can perform display with flickering
reduced. Furthermore, power consumption can be reduced.
[0549] For example, when the data processing device 200
is used for a clock or watch, the display can be refreshed at
a frequency of once a second, once a minute, or the like.
[0550] Forexample, when a light-emitting element is used
as the second display element, the light-emitting element
can be made to emit light in a pulsed manner so as to display
image data. Specifically, a light-emitting diode can be made
to emit light in a pulsed manner, and its afterglow can be
used to display image data. A light-emitting diode has
excellent frequency characteristics; therefore, time for driv-
ing the second display element can be shortened and thus
power consumption can be reduced in some cases. Alterna-
tively, heat generation can be inhibited, and thus the dete-
rioration of the light-emitting diode can be suppressed in
some cases.

<<First Display Method>>

[0551] Specifically, a method in which the first display
element 750(i,;) is used to display image data can be used as
the first display method. Thus, for example, power consump-
tion can be reduced. Furthermore, image data with high
contrast can be favorably displayed in a bright environment.

<<Second Display Method>>

[0552] Specifically, a method in which the second display
element 550(i,;) is used to display image data can be used as
the second display method. Thus, for example, an image can
be favorably displayed in a dark environment. Furthermore,
a photograph and the like can be displayed with favorable
color reproducibility. Furthermore, a moving image that
moves fast can be displayed smoothly.

[0553] In the case where the image data V1 is displayed
using the second display element 550(i;), brightness for
displaying the image data V1 can be determined on the basis
of illuminance data. For example, when illuminance is
higher than or equal to 5,000 lux and less than 100,000 lux,
the image data V1 is displayed using the second display
element 550(i,j) to be bright compared with the case where
the illuminance is less than 5,000 lux.

<<Third Display Method>>

[0554] Specifically, a method in which the first display
element 750(i,7) and the second display element 550(i j) are
used to display image data can be used as the third display
method. In that case, power consumption can be reduced.
Furthermore, an image can be favorably displayed in a dark
environment. Furthermore, a photograph and the like can be
displayed with favorable color reproducibility. Furthermore,
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a moving image which moves fast can be displayed
smoothly. Furthermore, display comfortable for the user can
be achieved.

[0555] Note that a function of adjusting the brightness of
display by using the first display element 750(i,/) and the
second display element 550(i,;) to display image data can be
referred to as a light adjusting function. For example, the
brightness of a reflective display element can be comple-
mented using the display element having a function of
emitting light.

[0556] Note that a function of adjusting the color of
display by using the first display element 750(i,/) and the
second display element 550(i,7) can be referred to as a color
adjusting function. For example, the color of a reflective
display element can be changed using the display element
having a function of emitting light. Specifically, a yellowish
color displayed by a reflective liquid crystal element can be
made closer to a white color with the use of a blue light-
emitting diode. Thus, text data can be displayed like text
printed on plain paper, for example. Furthermore, eye-
friendly display can be achieved.

[0557] When the first display element 750(i;j) and the
second display element 550(i,/) are used to display image
data, a color reflected by an object and a color emitted from
an object are mixed. Thus, an image like a painting can be
displayed.

[0558] Note that the brightness of the image data V1
displayed using the second display element 550(i,/) and
overlapping with the image data V1 displayed using the first
display element 750(i,j) can be determined on the basis of
illuminance data and the user’s preference. This allows
display comfortable for the user.

[Fourth Step]

[0559] In a fourth step, the next step is determined as
follows: a fifth step is selected when a termination instruc-
tion has been supplied, whereas the third step is selected
when the termination instruction has not been supplied (see
S4 in FIG. 21A).

[0560] For example, the termination instruction supplied
in the interrupt processing can be used to determine the next
step.

[Fifth Step]

[0561] In the fifth step, the program terminates (see S5 in
FIG. 21A).

<<Interrupt Processing>>

[0562] The interrupt processing includes sixth to eighth
steps described below (see FIG. 21B).

[Sixth Step]

[0563] In the sixth step, the illuminance of the environ-
ment where the data processing device 200 is used can be
sensed using the sensor portion 250, for example (see S6 in
FIG. 21B). Note that the color temperature or chromaticity
of ambient light can be sensed instead of the illuminance of
the environment.

[Seventh Step]

[0564] In the seventh step, a display method is determined
on the basis of the sensed illuminance data. For example, the
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first display method is selected when the illuminance is
greater than or equal to a predetermined value, whereas the
second display method is selected when the illuminance is
less than the predetermined value. Furthermore, the third
display method may be selected when the illuminance is
within a predetermined range (see S7 in FIG. 21B).

[0565] Specifically, in the case where the illuminance is
greater than or equal to 100,000 lux, the first display method
may be selected. In the case where the illuminance is less
than 5,000 lux, the second display method may be selected.
In the case where the illuminance is greater than or equal to
5,000 lux and less than 100,000 lux, the third display method
may be selected.

[0566] In the case where the color temperature or chro-
maticity of the ambient light is sensed in the sixth step, the
color of display may be adjusted using the second display
element 550(7,/) by the third display method.

[0567] Forexample, first-status control data SS is supplied
when the first display method is used, second-status control
data SS is supplied when the second display method is used,
and third-status control data SS is supplied when the third
display method is used.

[Eighth Step]

[0568] In the eighth step, the interrupt processing termi-
nates (see S8 in FIG. 21B).

<Structural Example 2 of Data Processing Device>

[0569] Another structure of the data processing device of
one embodiment of the present invention will be described
with reference to FIG. 22.

[0570] FIG. 22 is a flow chart showing a program of one
embodiment of the present invention. The interrupt process-
ing in the flow chart in FIG. 22 is different from that in FIG.
21B.

[0571] Note that the structural example 2 of the data
processing device is different from the interrupt processing
in FIG. 21B in that the interrupt processing includes a step
in which a mode is changed on the basis of a supplied
predetermined event. Different structures will be described
in detail below, and the above description is referred to for
the similar portions.

<<Interrupt Processing>>

[0572] The interrupt processing includes sixth to eighth
steps described below (see FIG. 22).

[Sixth Step]

[0573] In the sixth step, the processing proceeds to the
seventh step when a predetermined event has been supplied,
whereas the processing proceeds to the eighth step when the
predetermined event has not been supplied (see U6 in FIG.
22). For example, whether the predetermined event is sup-
plied in a predetermined period or not can be a branch
condition. Specifically, the predetermined period can be
longer than 0 seconds and shorter than or equal to 5 seconds,
preferably shorter than or equal to 1 second, more preferably
shorter than or equal to 0.5 seconds, still more preferably
shorter than or equal to 0.1 seconds.
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[Seventh Step]

[0574] In the seventh step, the mode is changed (see U7 in
FIG. 22). Specifically, the mode is changed to the second
mode when the first mode has been selected, or the mode is
changed to the first mode when the second mode has been
selected.

[Eighth Step]

[0575] In the eighth step, the interrupt processing termi-
nates (see U8 in FIG. 22). Note that in a period in which the
main processing is executed, the interrupt processing may be
repeatedly executed.

<<Predetermined Event>>

[0576] For example, the following events can be used:
events supplied using a pointing device such as a mouse
(e.g., “click” and “drag”) and events supplied to a touch
panel with a finger or the like used as a pointer (e.g., “tap”,
“drag”, and “swipe”).

[0577] For example, the position of a slide bar pointed by
a pointer, the swipe speed, and the drag speed can be used
as parameters assigned to various instructions. Furthermore,
for example, the position of a slide bar pointed by a pointer,
the swipe speed, and the drag speed can be used as param-
eters assigned to an instruction associated with a predeter-
mined event.

[0578] For example, data sensed by the sensor portion 250
is compared to a predetermined threshold value, and the
compared results can be used for the event.

[0579] Specifically, a pressure sensor or the like in contact
with a button or the like that can be pushed in a housing can
be used as the sensor portion 250.

<<Instruction Associated with Predetermined Event>>
[0580] For example, the termination instruction can be
associated with a predetermined event.

[0581] For example, “page-turning instruction” for
switching displayed image data from one to another can be
associated with a predetermined event. Note that a parameter
for determining the page-turning speed or the like when the
“page-turning instruction” is executed can be supplied using
the predetermined event.

[0582] For example, “scroll instruction” for moving the
display position of part of image data and displaying another
part continuing from that part can be associated with a
predetermined event. Note that a parameter for determining
the moving speed of the display position, or the like, when
the “scroll instruction” is executed can be supplied using the
predetermined event.

[0583] For example, an instruction for setting the display
method or an instruction for generating image data can be
associated with a predetermined event. Note that a parameter
for determining the brightness of a generated image can be
associated with a predetermined event. Note that a parameter
for determining the brightness of a generated image may be
determined on the basis of ambient brightness sensed by the
sensor portion 250.

[0584] For example, an instruction for acquiring data
distributed via a push service using the communication
portion 290 can be associated with a predetermined event.
[0585] Note that positional data sensed by the sensor
portion 250 may be used for the determination of the
presence or absence of a qualification for acquiring data.
Specifically, it may be determined that there is a qualifica-
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tion for acquiring data when a user is in a predetermined
class room, school, conference room, office, building, or the
like. For example, educational materials can be fed from a
classroom of a school or a university, so that the data
processing device 200 can be used as a schoolbook or the
like (see FIG. 20C). Alternatively, materials distributed from
a conference room in, for example, a company can be
received and used for a conference material.

[0586] Note that this embodiment can be combined with
any of the other embodiments in this specification as appro-
priate.

Embodiment 6

[0587] In this embodiment, a display module that can be
fabricated using one embodiment of the present invention
will be described.

[0588] In a display module 6000 in FIG. 23A, a display
panel 6006 connected to an FPC 6005, a frame 6009, a
printed board 6010, and a battery 6011 are provided between
an upper cover 6001 and a lower cover 6002.

[0589] For example, the display device manufactured
using one embodiment of the present invention can be used
for the display panel 6006. Thus, the display module can be
manufactured with high yield.

[0590] The shapes and sizes of the upper cover 6001 and
the lower cover 6002 can be changed as appropriate in
accordance with the size of the display panel 6006.

[0591] A touch panel may be provided to overlap with the
display panel 6006. The touch panel can be a resistive touch
panel or a capacitive touch panel and may be formed to
overlap with the display panel 6006. Instead of providing a
touch panel, the display panel 6006 can have a touch panel
function.

[0592] The frame 6009 protects the display panel 6006
and functions as an electromagnetic shield for blocking
electromagnetic waves generated by the operation of the
printed board 6010. The frame 6009 may function as a
radiator plate.

[0593] The printed board 6010 is provided with a power
supply circuit and a signal processing circuit for outputting
a video signal and a clock signal. As a power source for
supplying power to the power supply circuit, an external
commercial power source or a power source using the
battery 6011 provided separately may be used. The battery
6011 can be omitted in the case of using a commercial power
source.

[0594] The display module 6000 may be additionally
provided with a member such as a polarizing plate, a
retardation plate, or a prism sheet.

[0595] FIG. 23B is a schematic cross-sectional view of the
display module 6000 with an optical touch sensor.

[0596] The display module 6000 includes a light-emitting
portion 6015 and a light-receiving portion 6016 that are
provided on the printed board 6010. A pair of light guide
portions (a light guide portion 60174 and a light guide
portion 60175) is provided in a region surrounded by the
upper cover 6001 and the lower cover 6002.

[0597] For example, a plastic or the like can be used for
the upper cover 6001 and the lower cover 6002. The upper
cover 6001 and the lower cover 6002 can each be thin (e.g.,
more than or equal to 0.5 mm and less than or equal to 5
mm). Therefore, the display module 6000 can be signifi-
cantly lightweight. In addition, the upper cover 6001 and the
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lower cover 6002 can be manufactured with a small amount
of material, and therefore, manufacturing cost can be
reduced.

[0598] The display panel 6006 overlaps with the printed
board 6010 and the battery 6011 with the frame 6009
therebetween. The display panel 6006 and the frame 6009
are fixed to the light guide portion 60174 and the light guide
portion 60175.

[0599] Light 6018 emitted from the light-emitting portion
6015 travels over the display panel 6006 through the light
guide portion 60174 and reaches the light-receiving portion
6016 through the light guide portion 60175. For example,
blocking of the light 6018 by a sensing target such as a finger
or a stylus can be detected as touch operation.

[0600] A plurality of light-emitting portions 6015 are
provided along two adjacent sides of the display panel 6006,
for example. A plurality of light-receiving portions 6016 are
provided to face the light-emitting portions 6015 with the
display panel 6006 therebetween. Accordingly, data on the
position of touch operation can be obtained.

[0601] As the light-emitting portion 6015, a light source
such as an LED element can be used. It is particularly
preferable to use a light source that emits infrared light,
which is not visually recognized by users and is harmless to
users, as the light-emitting portion 6015.

[0602] As the light-receiving portion 6016, a photoelectric
element that receives light emitted by the light-emitting
portion 6015 and converts it into an electrical signal can be
used. A photodiode that can receive infrared light can be
favorably used.

[0603] For the light guide portions 6017a and 60175,
members that transmit at least the light 6018 can be used.
The use of the light guide portions 6017a and 60175 allows
the light-emitting portion 6015 and the light-receiving por-
tion 6016 to be placed under the display panel 6006, and a
malfunction of the touch sensor due to external light reach-
ing the light-receiving portion 6016 can be suppressed. It is
particularly preferable to use a resin that absorbs visible
light and transmits infrared light. This is more effective in
suppressing the malfunction of the touch sensor.

[0604] Note that this embodiment can be combined with
any of the other embodiments in this specification as appro-
priate.

Embodiment 7

[0605] In this embodiment, the structures of data process-
ing devices of embodiments of the present invention will be
described with reference to FIGS. 24A to 24E and FIGS.
25A to 25E.

[0606] FIGS. 24A to 24E and FIGS. 25A to 25E illustrate
the structures of the data processing devices of embodiments
of the present invention. FIG. 24A is a block diagram of the
data processing device, and FIGS. 24B to 24E are perspec-
tive views illustrating the structures of the data processing
devices. FIGS. 25A to 25E are perspective views illustrating
the structures of the data processing devices.

<Data Processing Device>

[0607] A data processing device 5200B described in this
embodiment includes an arithmetic device 5210 and an
input/output device 5220 (see FIG. 24A).
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[0608] The arithmetic device 5210 has a function of
receiving control data and a function of supplying image
data on the basis of the control data.

[0609] 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 control 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 communi-
cation data, and a function of receiving communication data.
[0610] The input portion 5240 has a function of supplying
control data. For example, the input portion 5240 supplies
control data on the basis of control by the user of the data
processing device 5200B.

[0611] 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.

[0612] The display portion 5230 includes a display panel
and has a function of displaying image data. For example,
the display panel described in Embodiment 1 can be used for
the display portion 5230.

[0613] The sensor portion 5250 has a function of supply-
ing 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.
[0614] 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.

[0615] 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 communica-
tion. Specifically, the communication portion 5290 has a
function of local area wireless communication, telephone
communication, or near field wireless communication, for
example.

<<Structural Example 1 of Data Processing Device>>

[0616] For example, the display portion 5230 can have an
outer shape along a cylindrical column (see FIG. 24B).
Furthermore, the display portion 5230 has a function of
changing a displaying method in accordance with the illu-
minance of a usage environment and a function of changing
display data when sensing the existence of a person.
[0617] Thus, the data processing device 5200B can be
mounted on a column of a building or can display adver-
tisements.

<<Structural Example 2 of Data Processing Device>>

[0618] Forexample, the data processing device 5200B has
a function of generating image data on the basis of the path
of a pointer used by a user (see FIG. 24C). Thus, the data
processing device 5200B can be used as an electronic
blackboard, for example.

<<Structural Example 3 of Data Processing Device>>

[0619] Forexample, the data processing device 5200B has
a function of changing a displaying method in accordance
with the illuminance of a usage environment (see FIG. 24D).
Thus, the power consumption of a smartwatch can be
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reduced. Furthermore, a smartwatch that allows users to
favorably see display even outdoors on a sunny day can be
provided.

<<Structural Example 4 of Data Processing Device>>

[0620] The display portion 5230 has a surface gently
curved along a side surface of a housing (see FIG. 24E). The
display portion 5230 includes a display panel that has, for
example, a function of performing display on the front
surface, side surfaces, and the top surface. Thus, a portable
phone that can display image data on the front surface, side
surfaces, and the top surface can be provided.

<<Structural Example 5 of Data Processing Device>>

[0621] Forexample, the data processing device 5200B has
a function of changing a displaying method in accordance
with the illuminance of a usage environment (see FIG. 25A).
Thus, the power consumption of a smartphone can be
reduced.

<<Structural Example 6 of Data Processing Device>>

[0622] Forexample, the data processing device 5200B has
a function of changing a displaying method in accordance
with the illuminance of a usage environment (see FIG. 25B).
Thus, a television system that allows users to favorably view
an image even in an environment with high-intensity exter-
nal light can be provided.

<<Structural Example 7 of Data Processing Device>>

[0623] Forexample, the data processing device 5200B has
a function of changing a displaying method in accordance
with the illuminance of a usage environment (see FIG. 25C).
Thus, the data processing device 5200B can be used for an
eye-friendly tablet computer.

<<Structural Example 8 of Data Processing Device>>

[0624] Forexample, the data processing device 5200B has
a function of changing a displaying method in accordance
with the illuminance of a usage environment (see FIG. 25D).
Thus, a digital camera that can favorably display a subject
even in an environment with high-intensity external light
can be provided.

<<Structural Example 9 of Data Processing Device>>

[0625] Forexample, the data processing device 5200B has
a function of changing a displaying method in accordance
with the illuminance of a usage environment (see FIG. 25E).
Thus, a personal computer that can be favorably used even
in an environment with high-intensity external light can be
provided.

[0626] Note that this embodiment can be combined with

any of the other embodiments in this specification as appro-
priate.

Embodiment 8

[0627] In this embodiment, the structures of electronic
devices of embodiments of the present invention will be
described with reference to FIGS. 26A to 26C.
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<FElectronic Device>

[0628] FIGS. 26A to 26C illustrate foldable electronic
devices.
[0629] An electronic device 900 illustrated in FIG. 26A

includes a housing 901q, a housing 9015, a hinge 903, a
display portion 902, and the like. The display portion 902 is
incorporated in the housing 901« and the housing 9015.
[0630] The housing 901a and the housing 9015 are rotat-
ably joined to each other by the hinge 903. The electronic
device 900 can be changed in shape between a state where
the housing 901a and the housing 9015 are closed and a state
where the housing 9014 and the housing 9015 are opened as
illustrated in FIG. 26 A. Thus, the electronic device 900 has
high portability when carried and excellent visibility when
used because of its large display region.

[0631] The hinge 903 preferably includes a locking
mechanism so that an angle formed between the housing
901a and the housing 9015 does not become larger than a
predetermined angle when the housing 901a and the housing
9015 are opened. For example, an angle at which they
become locked (they are not opened any further) can be
preferably greater than or equal to 90° and less than 180° and
is typically 90°, 120°, 135°, 150°, 175°, or the like. In that
case, the convenience, the safety, and the reliability can be
improved.

[0632] The display portion 902 can function as a touch
panel and be controlled with a finger, a stylus, or the like.
[0633] Either of the housing 901« and the housing 9015 is
provided with a wireless communication module, and data
can be transmitted and received through a computer network
such as the Internet, a local area network (LAN), or Wi-Fi®.
[0634] One flexible display is preferably incorporated in
the display portion 902. In that case, an image can be
displayed continuously between the housing 901a and the
housing 9015. Note that each of the housing 901a and the
housing 9015 may be provided with a display.

[0635] FIG. 26B illustrates an electronic device 910 that
functions as a portable game console. The electronic device
910 includes a housing 911a, a housing 9115, a display
portion 912, a hinge 913, an operation button 914a, an
operation button 9145, and the like.

[0636] A cartridge 915 can be inserted into the housing
9115. The cartridge 915 stores application software such as
a game, for example, and a variety of applications can be
executed on the electronic device 910 by replacing the
cartridge 915.

[0637] FIG. 268 illustrates an example where a part of the
display portion 912 that overlaps with the housing 9114 and
the other part of the display portion 912 that overlaps with
the housing 9115 have different sizes. Specifically, a portion
of the display portion 912 that is provided on the housing
911aq is larger than a portion of the display portion 912 that
overlaps with the housing 9115 where the operation buttons
914a and 9145 are provided. For example, the portions of
the display portion can be used for different purposes by
performing display using the part of the display portion 912
on the housing 9114 side as a main screen and the part of the
display portion 912 on the housing 9115 side as an operation
screen.

[0638] In an electronic device 920 illustrated in FIG. 26C,
a flexible display portion 922 is provided across a housing
921a and a housing 9215 which are joined to each other by
a hinge 923.
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[0639] In FIG. 26C, the display portion 922 is greatly
curved with the housing 921a and the housing 9215 open.
For example, the display portion 922 is held with a curvature
radius of 1 mm or greater and 50 mm or less, preferably 5
mm or greater and 30 mm or less. Part of the display portion
922 can display an image while being bent since pixels are
arranged continuously from the housing 921a to the housing
9215.

[0640] Since the hinge 923 includes the above locking
mechanism, excessive force is not applied to the display
portion 922; thus, breakage of the display portion 922 can be
prevented. Consequently, a highly reliable electronic device
can be obtained.

[0641] At least part of this embodiment can be imple-
mented in combination with any of the other embodiments
described in this specification as appropriate.

[0642] For example, in this specification and the like, an
explicit description “X and Y are connected” means that X
and Y are electrically connected, X and Y are functionally
connected, and X and Y are directly connected. Accordingly,
without limitation to a predetermined connection relation,
for example, a connection relation shown in drawings or
text, another connection relation is included in the drawings
or the text.

[0643] Here, X and Y each denote an object (e.g., a device,
an element, a circuit, a wiring, an electrode, a terminal, a
conductive film, or a layer).

[0644] Examples of the case where X and Y are directly
connected include the case where an element that allows an
electrical connection between X and Y (e.g., a switch, a
transistor, a capacitor, an inductor, a resistor, a diode, a
display element, a light-emitting element, and a load) is not
connected between X and Y, that is, the case where X and are
connected without the element that allows the electrical
connection between X and Y provided therebetween.
[0645] For example, in the case where X and Y are
electrically connected, one or more elements that enable
electrical connection between X and Y (e.g., a switch, a
transistor, a capacitor, an inductor, a resistor, a diode, a
display element, a light-emitting element, and a load) can be
connected between X and Y. A switch is controlled to be on
or off. That is, a switch is conducting or not conducting (is
turned on or off) to determine whether a current flows
therethrough or not. Alternatively, the switch has a function
of selecting and changing a current path. Note that the case
where X and Y are electrically connected includes the case
where X and Y are directly connected.

[0646] For example, in the case where X and Y are
functionally connected, one or more circuits that enable
functional connection between X and Y (e.g., a logic circuit
such as an inverter, a NAND circuit, or a NOR circuit; a
signal converter circuit such as a DA converter circuit, an
AD converter circuit, or a gamma correction circuit; a
potential level converter circuit such as a power supply
circuit (e.g., a step-up circuit and a step-down circuit) or a
level shifter circuit for changing the potential level of a
signal; a voltage source; a current source; a switching
circuit; an amplifier circuit such as a circuit that can increase
signal amplitude, the amount of current, or the like, an
operational amplifier, a differential amplifier circuit, a source
follower circuit, or a buffer circuit; a signal generation
circuit; a memory circuit; and/or a control circuit) can be
connected between X and Y. Note that for example, in the
case where a signal output from X is transmitted to Y even
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when another circuit is interposed between X and Y, X and
Y are functionally connected. Note that the case where X
and Y are functionally connected includes the case where X
and Y are directly connected and X and Y are electrically
connected.

[0647] Note that in this specification and the like, an
explicit description “X and Y are electrically connected”
means that X and Y are electrically connected (i.e., the case
where X and Y are connected with another element or
another circuit provided therebetween), X and Y are func-
tionally connected (i.e., the case where X and Y are func-
tionally connected with another circuit provided therebe-
tween), and X and Y are directly connected (i.e., the case
where X and Y are connected without another element or
another circuit provided therebetween). That is, in this
specification and the like, the explicit description “X and Y
are electrically connected” is the same as the description “X
and Y are connected”.

[0648] Note that, for example, the case where a source (or
a first terminal or the like) of a transistor is electrically
connected to X through (or not through) Z1 and a drain (or
a second terminal or the like) of the transistor is electrically
connected to Y through (or not through) 72, or the case
where a source (or a first terminal or the like) of a transistor
is directly connected to a part of Z1 and another part of Z1
is directly connected to X while a drain (or a second terminal
or the like) of the transistor is directly connected to a part of
72 and another part of Z2 is directly connected to Y, can be
expressed by using any of the following expressions.
[0649] The expressions include, for example, “X, Y, a
source (or a first terminal or the like) of a transistor, and a
drain (or a second terminal or the like) of the transistor are
electrically connected to each other, and X, the source (or the
first terminal or the like) of the transistor, the drain (or the
second terminal or the like) of the transistor, and Y are
electrically connected to each other in this order”, “a source
(or a first terminal or the like) of a transistor is electrically
connected to X, a drain (or a second terminal or the like) of
the transistor is electrically connected to Y, and X, the source
(or the first terminal or the like) of the transistor, the drain
(or the second terminal or the like) of the transistor, and Y
are electrically connected to each other in this order”, and
“X is electrically connected to Y through a source (or a first
terminal or the like) and a drain (or a second terminal or the
like) of a transistor, and X, the source (or the first terminal
or the like) of the transistor, the drain (or the second terminal
or the like) of the transistor, and Y are provided to be
connected in this order”. When the connection order in a
circuit configuration is defined by an expression similar to
the above examples, a source (or a first terminal or the like)
and a drain (or a second terminal or the like) of a transistor
can be distinguished from each other to specify the technical
scope.

[0650] Other examples of the expressions include, “a
source (or a first terminal or the like) of a transistor is
electrically connected to X through at least a first connection
path, the first connection path does not include a second
connection path, the second connection path is a path
between the source (or the first terminal or the like) of the
transistor and a drain (or a second terminal or the like) of the
transistor, Z1 is on the first connection path, the drain (or the
second terminal or the like) of the transistor is electrically
connected to Y through at least a third connection path, the
third connection path does not include the second connec-
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tion path, and Z2 is on the third connection path”. Other
examples of the expressions also include “a source (or a first
terminal or the like) of a transistor is electrically connected
to X through at least Z1 on a first connection path, the first
connection path does not include a second connection path,
the second connection path includes a connection path
through the transistor, a drain (or a second terminal or the
like) of the transistor is electrically connected to Y through
at least Z2 on a third connection path, and the third con-
nection path does not include the second connection path”,
and “a source (or a first terminal or the like) of a transistor
is electrically connected to X through at least Z1 on a first
electrical path, the first electrical path does not include a
second electrical path, the second electrical path is an
electrical path from the source (or the first terminal or the
like) of the transistor to a drain (or a second terminal or the
like) of the transistor, the drain (or the second terminal or the
like) of the transistor is electrically connected to Y through
at least Z2 on a third electrical path, the third electrical path
does not include a fourth electrical path, and the fourth
electrical path is an electrical path from the drain (or the
second terminal or the like) of the transistor to the source (or
the first terminal or the like) of the transistor”. When the
connection path in a circuit configuration is defined by an
expression similar to the above examples, a source (or a first
terminal or the like) and a drain (or a second terminal or the
like) of a transistor can be distinguished from each other to
specify the technical scope.

[0651] Note that these expressions are only examples and
one embodiment of the present invention is not limited to the
expressions. Here, X, Y, Z1, and Z2 each denote an object
(e.g., a device, an element, a circuit, a wiring, an electrode,
a terminal, a conductive film, and a layer).

[0652] Even when independent components are electri-
cally connected to each other in a circuit diagram, one
component has functions of a plurality of components in
some cases. For example, when part of a wiring also
functions as an electrode, one conductive film functions as
the wiring and the electrode. Thus, “electrical connection” in
this specification includes in its category such a case where
one conductive film has functions of a plurality of compo-
nents.

[0653] This application is based on Japanese Patent Appli-
cation Serial No. 2016-193458 filed with Japan Patent Office
on Sep. 30, 2016, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A display panel comprising:

a pixel comprising:

a first display element comprising a reflective film;

a second display element comprising a light-emitting
element; and

a functional layer including a region between the first
and second display elements,
wherein:

the functional layer comprises a pixel circuit electrically
connected to the first and second display elements,

the first display element is configured to control intensity
of light reflected by the reflective film having a shape
not blocking light emitted from the second display
element, and
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the second display element 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
can be seen.

2. The display panel according to claim 1, wherein:

the pixel further comprises an optical element having a

light-transmitting property and a covering film having
light reflectivity,

the optical element includes a first region to which light

is supplied, a second region partly in contact with the
covering film, and a third region configured to emit part
of the light,

the third region has an area smaller than or equal to the

first region,

the covering film is configured to reflect the part of the

light and supply the part of the light to the third region,
the reflective film having a shape not blocking light
emitted from the third region, and

the second display element is configured to supply the

light.

3. The display panel according to claim 2, wherein:

the optical element has an optical axis,

the optical axis passes through a center of each of the first

and third regions, and

the second region includes an inclined portion with an

inclination of 45° or more with respect to a plane
orthogonal to the optical axis.

4. The display panel according to claim 2, further com-
prising a lens between the optical element and the second
display element,

wherein:

the lens includes a material with a refractive index of 1.5

or more and 2.5 or less, and

the lens is a convex lens.

5. The display panel according to claim 1, wherein:

the pixel comprises:

a first conductive film electrically connected to the first
display element;

a second conductive film partly overlapping with the
first conductive film; and

an insulating film between the first and second conduc-
tive films, the insulating film has an opening,

the second conductive film is electrically connected to the

first conductive film in the opening, and to the pixel
circuit,

the second display element is electrically connected to the

pixel circuit, and

the second display element is configured to emit light

toward the insulating film.

6. The display panel according to claim 1, further com-
prising:

a display region comprising:

one group of pixels comprising the pixel;

another group of pixels comprising the pixel;

a scan line electrically connected to the one group of
pixels; and

a signal line electrically connected to the another group
of pixels,

wherein:

the pixels of the one group are arranged in a row direction,

the pixels of the another group are arranged in a column

direction intersecting the row direction.
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7. A display device comprising:

the display panel according to claim 1; and

a control portion,

wherein:

the control portion is configured to receive image data and
control data, to generate first data and/or second data on
the basis of the image data, and to supply the first data
and the second data, and

the display panel is configured to receive the first data and
the second data, to display a first image on the basis of
the first data, and to display a second image on the basis
of the second data.

8. An input/output device comprising:

an input portion comprising a sensing region; and

a display portion comprising the display panel according
to claim 1,

wherein:

the input portion is configured to sense an object
approaching the sensing region, and

the sensing region partly overlaps with the pixel.

9. The input/output device according to claim 8, wherein:

the sensing region comprises:
a control line configured to supply a control signal;
a sensor signal line configured to receive a sensor

signal; and

31
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a sensor element electrically connected to the control
line and the sensor signal line,

the sensor element is configured to supply the sensor
signal that varies in accordance with the control signal
and a distance between a region overlapping with the
pixel and an object approaching the region,

the sensor element comprises a first electrode including a
first light-transmitting region overlapping with the
pixel, and a second electrode including a second light-
transmitting region overlapping with the pixel,

the first electrode is electrically connected to the control
line,

the second electrode is electrically connected to the sensor
signal line, and

the second electrode is located such that an electric field
part of which is blocked by an object approaching the
region overlapping with the pixel is generated between
the first and second electrodes.

10. A data processing device comprising:

at least one of a keyboard, a hardware button, a pointing
device, a touch sensor, an illuminance sensor, an imag-
ing device, an audio input device, a viewpoint input
device, and an attitude determination device; and

the display panel according to claim 1.
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