wo 2018/078488 A1 | I0E 0000 OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
03 May 2018 (03.05.2018)

(10) International Publication Number

WO 2018/078488 Al

WIPO I PCT

(51) International Patent Classification:

GOGF 3/0488 (2013.01) GO9F 9/46 (2006.01)
GO2F 1/1333 (2006.01) GO9G 3/20 (2006.01)
GOGF 3/041 (2006.01) G09G 3/3233 (2016.01)
GOGF 3/044 (2006.01) GO9G 3/36 (2006.01)
GOGF 3/0481 (2013.01) HOIL 51/50 (2006.01)
GO9F 9/00 (2006.01) HOSB 33/14 (2006.01)
GO9F 9/30 (2006.01)

(21) International Application Number:
PCT/IB2017/056461

(22) International Filing Date:
18 October 2017 (18.10.2017)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:

2016-208987 25 October 2016 (25.10.2016)  JP

(71) Applicant: SEMICONDUCTOR ENERGY LABORA-
TORY CO., LTD. [JP/JP]; 398, Hase, Atsugi-shi, Kana-
gawa 2430036 (JP).

(72) Inventor: SHIGEMORI, Isamu; ¢c/o0 Semiconductor Ener-
gy Laboratory Co., LTD., 398, Hase, Atsugi-shi, Kanagawa
2430036 (JP).

62y

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: DISPLAY DEVICE, DISPLAY MODULE, ELECTRONIC DEVICE, AND TOUCH PANEL INPUT SYSTEM

(57) Abstract: A touch panel input system in which the operability of a touch
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in some cases. The touch panel input system uses a touch sensor module in-
cluding a touch panel and a control portion. The touch panel includes a first
: touch sensing region and a second touch sensing region. The control portion
includes a step of calculating areas where a touch is sensed in the first touch
sensing region and the second touch sensing region. The control portion in-
cludes a step of determining one of the first and second touch sensing regions
that has a larger integrated area is a touched position.
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DESCRIPTION

DISPLAY DEVICE, DISPLAY MODULE, ELECTRONIC DEVICE, AND TOUCH
PANEL INPUT SYSTEM

TECHNICAL FIELD
[0001]

One embodiment of the present invention relates to a display device, a display module,
an electronic device, and a touch panel input system.
[0002]

Note that one embodiment of the present invention is not limited to the above technical
field. The technical field of one embodiment of the invention disclosed in this specification and
the like relates to an object, a method, or a manufacturing method. The present invention
relates to a process, a machine, manufacture, or a composition of matter. In particular, one
embodiment of the present invention relates to a semiconductor device, a display device, a
light-emitting device, a power storage device, a memory, a touch sensing device, a driving
method thereof, or a manufacturing method thereof.

[0003]

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

semiconductor element.

BACKGROUND ART
[0004]

Electronic devices such as a smartphone, a tablet, an electronic book reader, a notebook
personal computer, and a digital watch/clock are widely used. The electronic devices are small
and highly portable, and include touch panels that can be handled easily by operators.

[0005]

The electronic devices need to perform display suitable for the brightness of a use
environment (i.e., an outdoor environment or an indoor environment). Furthermore, a
smartphone, a tablet, and the like need to be able to be used for a long time in the case where

they are used for an electronic book, games, or a communication tool such as a social networking
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service.
[0006]

A display device that achieves low power consumption by performing display by
utilizing reflected light in an environment with sufficiently bright external light, such as natural
light or light from an indoor lighting device, and performing display by utilizing a light-emitting
element in an environment with insufficient brightness is proposed.

[0007]

For example, Patent Document 1 discloses a character input method using a touch panel
included in a portable electronic device.
[0008]

For example, Patent Document 2 discloses a hybrid display device in which a pixel
circuit for controlling a liquid crystal element and a pixel circuit for controlling a light-emitting
element are provided in one pixel.

[0009]

[Reference]

[Patent Document]

[0010]

[Patent Document 1] Japanese Published Patent Application No. 2009-288873
[Patent Document 2] PCT International Publication No. W0O2007/041150

DISCLOSURE OF INVENTION
[0011]

An electronic device including a touch panel is easy to use. However, for example, a
person whose arm, hand, or fingertips is/are trembled or a person whose eyesight is poor may
touch something mistakenly, which is regarded as misoperation, in input operation. In touch
operation on a small display object (hereinafter, an icon) or the like, there is a problem that a
plurality of icons are selected.

[0012]

A smartphone, a tablet, an electronic book reader, a notebook personal computer, a
digital watch/clock, and the like have been used more and more in places where bright external
light is obtained. A reflective liquid crystal display device employs a display method that
utilizes external light. Because the reflective liquid crystal display device does not require a
backlight, it consumes low power, however, it can display images favorably only in a place
where bright external light is obtained. A light-emitting display device, which includes a

self-luminous electroluminescence (EL) element, can display images favorably in a dark place;
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in contrast, in a bright place, there is a problem of a reduction in visibility because the luminance
is fixed.
[0013]

Electronic devices such as a smartphone and a tablet that are used in places where bright
external light is obtained perform display at high luminance to increase visibility. Thus, the
mobile devices tend to consume a large amount of electric power. Therefore, the capacity of
batteries needs to be increased in order that the electronic devices can withstand long-time use.
However, when the capacity of the batteries is increased, there is a problem that the electronic
devices become heavy.

[0014]

In view of the above problems, an object of one embodiment of the present invention is
to provide a touch sensor module with a novel structure. Another object of one embodiment of
the present invention is to provide a display module that has improved operability. Another
object of one embodiment of the present invention is to provide an electronic device with low
power consumption.

[0015]

Note that the descriptions of these objects do not disturb the existence of other objects.
In one embodiment of the present invention, there is no need to achieve all the objects. Other
objects are apparent from and can be derived from the description of the specification, the
drawings, the claims, and the like.

[0016]

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

[0017]

One embodiment of the present invention is a touch panel input system using a touch
sensor module. The touch sensor module includes a touch panel and a control portion. The
touch panel includes a first touch sensing region and a second touch sensing region. The
control portion has a function of performing a step of calculating areas where a touch is sensed in
the first touch sensing region and the second touch sensing region. The control portion also has
a function of performing a step of determining that one of the first and second touch sensing

regions that has a larger calculated area is a touched position.
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[0018]

In the above structure, the control portion preferably has a function of performing a step
of integrating the areas where a touch is sensed by time, and a step of determining that one of the
first and second touch sensing regions that has a larger integrated area is a touched position.
[0019]

In any of the above structures, the touch panel input system further uses a display
module. The display module includes the touch sensor module and a display device. The
display device includes a first display region. The first display region includes a second display
region and a third display region. The control portion has a function of dividing the first
display region into the second display region and the third display region to control the second
display region and the third display region. The first touch sensing region is positioned to
overlap with and be in the second display region. The second touch sensing region is
positioned to overlap with and be in the third display region. The control portion has a function
of performing a step of extracting a plurality of display objects displayed in the second display
region overlapping with the first touch sensing region by sensing a touch on the first touch
sensing region, a step of displaying the plurality of display objects extracted from the second
display region in the first display region, a step of extracting a plurality of display objects
displayed in the third display region overlapping with the second touch sensing region by
sensing a touch on the second touch sensing region, and a step of displaying the plurality of
display objects extracted from the third display region in the first display region.

[0020]

In any of the above structures, it is preferable that the touch sensor module further
include a third touch sensing region. It is preferable that the first display region further include
a fourth display region. The third touch sensing region is preferably positioned to overlap with
and be in the fourth display region. The control portion preferably has a function of displaying
a display object of an arrow in the fourth display region. The control portion preferably has a
function of performing a step of moving a selection position from the second display region to
the third display region in accordance with a direction shown by the display object of the arrow
by sensing a touch on the third touch sensing region, and a step of changing a gray level of the
third display region to show that the third display region is selected.

[0021]

In any of the above structures, it is preferable that the display device include a plurality
of pixels, the pixel include a first pixel circuit and a second pixel circuit, the first pixel circuit
include a first display element, the second pixel circuit include a second display element, the first

display element include a reflective electrode, the first display element perform display by
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making the reflective electrode reflect external light, the reflective electrode include an opening
region or a notch region, and light emitted by the second display element be transmitted through
the opening region or the notch region to perform display.

[0022]

In any of the above structures, the first display element in the display device is
preferably a reflective liquid crystal element.
[0023]

In any of the above structures, the second display element in the display device is
preferably a light-emitting element.
[0024]

In any of the above structures, the display device preferably has a function of displaying
an image using first light reflected from the first display element and/or second light emitted
from the second display element.

[0025]

In any of the above structures, it is preferable that the display device having any of the
above structures further include a transistor, and the transistor include metal oxide in a
semiconductor layer. In any of the above structures, the transistor including metal oxide in the
semiconductor layer in the display device preferably includes a back gate.

[0026]

One embodiment of the present invention is an electronic device. The electronic
device preferably includes the touch panel input system having any of the above structures, a
CPU, and a battery.

[0027]

One embodiment of the present invention can provide a touch sensor module with a
novel structure. Another embodiment of the present invention can provide a display module
that has improved operability. Another embodiment of the present invention can provide an
electronic device with low power consumption.

[0028]

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

embodiment of the present invention does not have the effects described above in some cases.
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BRIEF DESCRIPTION OF DRAWINGS
[0029]

FIG. 1A illustrates the structure of an electronic device, FIG. 1B illustrates a touch panel,
and FIG. 1C is an enlarged view of FIG. 1B.

FIG. 2 is a block diagram illustrating an electronic device.

FIGS. 3A and 3B each illustrate a touch sensor module, and FIGS. 3C and 3D each
illustrate a display device.

FIGS. 4A and 4B illustrate a display module.

FIG. 5 is a flow chart showing operation of a display module.

FIGS. 6A and 6B illustrate a display module.

FIG. 7 is a flow chart showing operation of a display module.

FIGS. 8A to 8C illustrate a display module.

FIG. 9 is a flow chart showing operation of a display module.

FIG. 10 illustrates an electronic device.

FIGS. 11A and 11B are each a block diagram illustrating a display panel.

FIGS. 12A to 12C each illustrate a pixel.

FIGS. 13A to 13C each illustrate a pixel.

FIGS. 14A to 14C each illustrate a pixel.

FIG. 15 illustrates a structure of a display panel.

FIG. 16 illustrates a structure of a display panel.

FIG. 17 illustrates a structure of a display panel.

FIGS. 18A to 18C each illustrate a structure of a transistor.

FIG. 19 illustrates a structure of a display panel.

FIG. 20A illustrates a circuit of a display panel, and FIGS. 20B1 and 20B2 are top views
of a pixel.

FIG. 21 illustrates a circuit of a display panel.

FIG. 22A illustrates a circuit of a display panel, and FIG. 22B is a top view of a pixel.

FIG. 23 A illustrates a structure of a display device, and FIG. 23B illustrates an example
of a display module.

FIG. 24 illustrates a structure of a display panel.

FIG. 25 illustrates a structure of a display panel.

FIG. 26 illustrates a structure of a display panel.

FIG. 27 illustrates a structure of a display panel.

FIG. 28 illustrates a structure of a display panel.
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FIGS. 29A to 29D illustrate a structure of a display panel.

FIG. 30 shows measured results of XRD spectra of samples.

FIGS. 31A and 31B are TEM images of a sample and FIGS. 31C to 31L are electron
diffraction patterns thereof.

FIGS. 32A to 32C show EDX mapping images of a sample.

FIGS. 33A to 33F illustrate structure examples of electronic devices.

BEST MODE FOR CARRYING OUT THE INVENTION
[0030]

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

[0031]

In the drawings, the size, the layer thickness, or the region is exaggerated for clarity in
some cases. Therefore, the size, the layer thickness, or the region is not necessarily limited to
the illustrated scale. Note that the drawings are schematic views showing ideal examples, and
embodiments of the present invention are not limited to shapes or values shown in the drawings.
[0032]

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

[0033]

In this specification, terms for describing arrangement, such as "over", "above", "under",
and "below", are used for convenience in describing a positional relation between components
with reference to drawings. Furthermore, the positional relationship between components is
changed as appropriate in accordance with a direction in which each component is described.
Thus, there is no limitation on terms used in this specification, and description can be made
appropriately depending on the situation.

[0034]

In this specification and the like, a transistor is an element having at least three
terminals of a gate, a drain, and a source. The transistor has a channel formation region
between a drain (a drain terminal, a drain region, or a drain electrode) and a source (a source

terminal, a source region, or a source electrode), and current can flow between the source and the
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drain through the channel formation region. Note that in this specification and the like, a
channel formation region refers to a region through which current mainly flows.
[0035]

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

[0036]

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

[0037]

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

[0038]

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

[0039]

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

current that flows when the gate-source voltage V' is lower than the threshold voltage Vin.
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[0040]

The off-state current of a transistor depends on Vs in some cases. Thus, "the off-state
current of a transistor is lower than or equal to /" means "there is Vg with which the off-state
current of a transistor becomes lower than or equal to /" in some cases. The off-state current of
a transistor may refer to off-state current at a given Vy,, at Vs in a given range, at Vs at which
sufficiently small off-state current is obtained, or the like.

[0041]

As an example, the assumption is made of an n-channel transistor where the threshold
voltage Vi 1s 0.5 V and the drain current is 1 x 10° Aata voltage Ve of 0.5V, 1 x107° A at a
voltage Vg of 0.1 V, 1 x 107" A at a voltage Vg of 0.5 V, and 1 x 107°* A at a voltage Vs of
~0.8 V. The drain current of the transistor is 1 x 107" A or lower at Vs of 0.5 V or at Vs in
the range of —0.8 V to —0.5 V; therefore, it can be said that the off-state current of the transistor
is 1 x 107" A orlower. Since there is Vs at which the drain current of the transistor is 1 x 107>
A or lower, it may be said that the off-state current of the transistor is 1 x 107* A or lower.

[0042]

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

[0043]

The off-state current of a transistor depends on temperature in some cases. Unless
otherwise specified, the off-state current in this specification may be an off-state current at room
temperature, 60 °C, 85 °C, 95 °C, or 125 °C. Alternatively, the off-state current may be an
off-state current at a temperature at which the reliability of a semiconductor device or the like
including the transistor is ensured or a temperature at which the semiconductor device or the like
including the transistor is used (e.g., temperature in the range of 5 °C to 35 °C). The state in
which the off-state current of a transistor is lower than or equal to / may indicate that the
off-state current of the transistor at room temperature, 60 °C, 85 °C, 95 °C, 125 °C, a
temperature at which the reliability of a semiconductor device or the like including the transistor
is ensured, or a temperature at which the semiconductor device or the like including the
transistor is used (e.g., a temperature in the range of 5 °C to 35 °C) is lower than or equal to / at a
certain Vgs.

[0044]

The off-state current of a transistor depends on voltage Vys between its drain and source
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in some cases. Unless otherwise specified, the off-state current in this specification may be
off-state current at Vg of 0.1 V0.8V, 1V, 12V, 1.8V,25V,3V,33V, 10V, 12V, 16 V, or 20
V. Alternatively, the off-state current may be an off-state current at }4s at which the reliability
of a semiconductor device or the like including the transistor is ensured or Vg at which the
semiconductor device or the like including the transistor is used. The state in which the
off-state current of a transistor is lower than or equal to / may indicate that the off-state current
of the transistor at Vg of 0.1 V0.8 V, 1V, 1.2V, 1.8V, 25 V.3 V.33V, 10V, 12V, 16 V, or 20
V, at Vs at which the reliability of a semiconductor device or the like including the transistor is
ensured, or at Vg at which the semiconductor device or the like including the transistor is used is
lower than or equal to / at a certain V.

[0045]

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

[0046]

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

[0047]

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

[0048]
(Embodiment 1)

In this embodiment, a touch panel input system is described with reference to FIGS. 1A
to 1C through FIG. 10.

[0049]

FIG. 1A illustrates an electronic device 10. The electronic device 10 includes a display
device 11, a touch panel 21, a CPU (not illustrated), a memory (not illustrated), and a

communication module (not illustrated).
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[0050]

The display device 11 includes a display region 11a and a display region 11b. FIG. 1A
illustrates an example in which a non-display region is provided between the display regions 11a
and 11b; however, the non-display region is not necessarily provided. The touch panel 21
includes a region overlapping with the display device 11. The touch panel 21 includes a
plurality of touch sensors and a plurality of touch sensing regions.

[0051]

For the touch panel 21, any sensing method such as a projected capacitive method, a
surface capacitive method, a resistive method, or an optical method can be used. By any of the
methods, data can be input when an object is in contact with or approaches the touch panel. In
this embodiment, the touch panel 21 using a projected capacitive method is described as an
example.

[0052]

FIG. 1B illustrates an example of the touch sensing regions of the touch panel 21. In
FIG. 1B, the touch panel 21 includes touch sensing regions 21a to 21h and touch sensing regions
211 to 21n. The other regions are non-touch sensing regions. It is preferable that the touch
sensing region be changeable depending on an application to be used.

[0053]

With the touch panel 21, by a touch on a touch sensing region overlapping with an icon
displayed on the display device 11, a variety of applications can be started, displayed, or
controlled, for example. A distance between touch sensors is preferably determined in
consideration of the contact area where a fingertip touches the touch panel 21 when the operator
touches the touch panel 21. The touch panel 21 can sense not only a touch by a fingertip but
also a touch by a sensing target such as a stylus.

[0054]

A touch controller 718 described later (see FIG. 2) controls a touched position as
coordinates. An icon that is displayed on the display device 11 and has coordinates
corresponding to coordinates sensed by the touch panel 21 is determined by the CPU included in
the electronic device 10, whereby any of a variety of applications are operated by an application
program associated with the icon.

[0055]

However, it is hard for a person whose fingertips are trembled or a person whose
eyesight is poor to select and touch a small icon using the touch panel 21. Even when the
person intends to touch a touch sensor placed where the icon is displayed, the touched position

may be deviated because of his/her trembling hand or poor eyesight. Alternatively, the person
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may touch it more than once because of the trembling.
[0056]

For a person who has disabilities with his/her hand, touch operation with fingertips is
difficult, and thus a touch with a large area such as a side of a finger is performed in some cases.
Accordingly, a plurality of icons displayed adjacently are touched at the same time, which causes
misoperation.

[0057]

FIG. 1B illustrates an example in which an operator touches the touch sensing region
21b. An example is shown in which although he/she intends to touch the touch sensing region
21b, the position is deviated because of his/her trembling hand, so that the touch sensing regions
21b and 21f are touched at the same time. FIG. 1C is an enlarged view of the touched region.
[0058]

In FIG. 1B, a range in which a touch is sensed is shown as a touched area T1. FIG. 1C
is the enlarged view of T1. The touched area T1 is composed of a touched area T2 that is in the
touch sensing region 21b, a touched area T3 that is in the touch sensing region 21f, and a touched
area T4 that is a non-touch sensing region.

[0059]

By sensing which touch sensing region is touched with the largest touched area, the
touch panel 21 can identify a touch sensing region that the operator has intended to touch. To
identify the touch sensing region that the operator has intended to touch, it is determined which
touched area is larger, the touched area T2 or the touched area T3.

[0060]

In an example illustrated in FIG. 1C, owing to the touched area T4 in the non-touch
sensing region, the effective area ratio can be higher in the case of comparing the touched area
T2 with the touched area T3 than in the case of comparing the touched area T2 with a touched
area that is obtained by adding the touched area T4 to the touched area T3. The effective area
ratio indicates a ratio between the touched areas sensed in the touch sensing regions. In FIG.
1C, the effective area ratio can be a ratio between the touched area T2 to the touched area T3.
[0061]

FIG. 1C illustrates an example in which the touched area extends over the two touch
sensing regions; however, the effective area ratio can be increased also in the case where the
touched area extends over three or four touch sensing regions. Note that the touch sensing
region can be sensed even when the non-touch sensing region is not provided.

[0062]

A case where the touched position is deviated because of a trembling hand or the like is
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further described. A touch sensing period is a period after a touch is sensed until the sensing
target leaves. With the touch sensing period, the touched areas sensed in the touch sensing
regions can be time-integrated. By comparing the sizes of time-integrated touched areas, it can
be determined which touch sensing region is selected.

[0063]

FIG. 2 illustrates the configuration of the electronic device 10. The electronic device
10 includes a CPU 710, a memory 712a, a display device 25a, a touch sensor module 24a, a
camera 713, a GPS 714, a battery 715, a communication module 716, a photosensor 717, a
speaker 719, a microphone 720, and the like. The memory 712a includes a control program
that can control peripheral circuits via the CPU 710.

[0064]

The display device 25a includes a display controller 711, a memory 712b, and the
display device 11. The display device 11 includes a light-emitting display panel 732 using a
self-luminous element and a reflective liquid crystal display panel 731 that includes a reflective
element capable of performing display using the reflection of external light. By sensing
ambient light using the photosensor 717, the light can be modulated so that display is performed
with optimal display quality.

[0065]

Display using the reflective liquid crystal display panel 731 is performed in a bright
environment such as an environment under sunlight. Display using the light-emitting display
panel 732 is performed in an environment without external light. Hybrid display using both the
reflective liquid crystal display panel 731 and the light-emitting display panel 732 can be
performed in an environment with insufficiently bright external light such as an environment
under a fluorescent lamp or an indoor environment.

[0066]

The memory 712b functions as a frame memory for the display controller 711. The
display controller 711 switches the reflective liquid crystal display panel 731 and the
light-emitting display panel 732 depending on use condition, and functions as a temporary
storage region of data for transmitting a signal to the display device 11.

[0067]

The memory 712a or 712b is preferably an internal memory (e.g., a nonvolatile memory,
an SRAM, or a DRAM) or an inserted external nonvolatile memory. Alternatively, the memory
712a or 712b may be a work memory (e.g., a nonvolatile memory, an SRAM, or a DRAM) that
temporarily stores any of the control program, the application program, and data that are

downloaded with a communication module. As the internal memory, a NOSRAM or a
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DOSRAM in which an oxide semiconductor is included in a semiconductor layer may be used.
[0068]

The touch sensor module 24a includes the touch controller 718 and the touch panel 21.
The details of the touch sensor module are described with reference to FIGS. 3A and 3B.

[0069]

FIG. 3A illustrates the touch sensor module 24a. The touch sensor module 24a
includes the touch panel 21, an FPC 26a, and a touch sensor control IC 27a. Furthermore, the
touch panel 21 includes the touch sensing regions 21a to 21h and the touch sensing regions 211 to
21n. Each touch sensing region includes a plurality of touch sensors.

[0070]

FIG. 3B illustrates a touch sensor module 24b. The touch sensor module 24b includes
touch panels 21p to 21z. Each of the touch panels 21p to 21z includes a plurality of touch
Sensors.

[0071]

When the sizes and positions of the touch panels are fixed as in the touch sensor module
24b, each touch panel can be individually controlled. The sizes and positions of the touch
panels can be the same as those of the touch sensing regions shown in FIG. 3A. In FIG. 3A, to
sense a touch on a touch sensing region, touch sensing processing needs to be performed on all
touch sensing regions. In contrast, in FIG. 3B, since the size of the touch panel is reduced, the
amount of calculation for identifying the touched region can be reduced, whereby power
consumption can be reduced.

[0072]

In FIG. 3B, the touch panels 21p to 21z are formed in the same process using a
semiconductor process or the like; however, the touch panels 21p to 21z may be formed in
different processes and attached.

[0073]

In FIGS. 3A and 3B, the touch sensor control IC 27a has a function of supplying a
signal or power to the touch panel 21 and the touch panels 21p to 21z via the FPC 26a. The
touch sensor control IC 27a has a function of supplying touch sensing information on the touch
panel(s) to the CPU 710 via the FPC 26a. Alternatively, the touch sensor control IC 27a may
have a function of calculating a touched area. Further alternatively, the touch sensor control IC
27a may supply touch sensing information to the CPU 710 via the FPC 26a, and the CPU 710
may have a function of calculating a touched area. The touch sensor control IC 27a preferably
functions as the touch controller 718 in FIG. 2.

[0074]



10

15

20

25

30

35

WO 2018/078488 PCT/IB2017/056461
15

The touch sensor control IC 27a is provided over the FPC 26a by a chip on film (COF)
method or the like in the examples illustrated in FIGS. 3A and 3B. Alternatively, the touch
sensor control IC 27a may be provided over a substrate 24 by a chip on glass (COG) method or
the like. Although the touch sensor control IC 27a is provided over the FPC 26a in the
examples, the touch sensor control IC 27a may be included in a driver IC 27b described later.
[0075]

The display device 25a is described with reference to FIG. 3C. The display device 25a
includes the display device 11, an FPC 26b, and the driver IC 27b. The display device 11
includes a gate driver 28a, a gate driver 29a, the display region 11a, and the display region 11b.
Note that the display region 11b is not necessarily provided depending on circumstances.

[0076]

The display regions 11a and 11b illustrated in FIG. 3C include a plurality of pixels 30a,
a plurality of scan lines, and a plurality of signal lines. A scan line and a signal line are
electrically connected to the pixel 30a.

[0077]

The display device 11 is positioned to overlap with the touch panel 21 of FIG. 3A, as
illustrated in FIG. 1A. To overlap with the display regions 11a and 11b, the touch panel 21 is
positioned, and the touch sensing regions 21a to 21h and the touch sensing regions 211 to 21n are
arranged in the touch panel 21.  Alternatively, the touch panels 21p to 21z illustrated in FIG. 3B
may be arranged to overlap with the display device 11.

[0078]

A display device 25b is described with reference to FIG. 3D. The display device 25b
includes the display device 11, the FPC 26b, and the driver IC 27b. The display device 11
includes a gate driver 28b, a gate driver 29b, the display region 11a, and the display region 11b.
[0079]

In FIGS. 3C and 3D, the driver IC 27b has a function of supplying a signal or power to
the display device 11 via the FPC 26b. The CPU 710 can control the driver IC 27b via the
display controller 711. The driver IC 27b preferably functions as a source driver that controls
the signal lines. Alternatively, the driver IC 27b preferably has a digital-analog conversion
function. In the case where the driver IC 27b has a digital-analog conversion function, a digital
signal transmitted from the CPU 710 is converted into an analog signal, and the analog signal
can be supplied to the signal lines.

[0080]

In the examples illustrated in FIGS. 3C and 3D, the driver IC 27b is provided over the

FPC 26b by a COF method or the like.  Alternatively, the driver IC 27b may be provided over a



10

15

20

25

30

35

WO 2018/078488 PCT/IB2017/056461
16

substrate 25 by a COG method or the like. Although the driver IC 27b is provided over the
FPC 26b in the examples, the driver IC 27b is not necessarily provided when not needed.
[0081]

The display region 1la illustrated in FIG. 3D includes the plurality of pixels 30a, a
plurality of scan lines electrically connected to the gate driver 28b, a plurality of scan lines
electrically connected to the gate driver 29b, and a plurality of signal lines. The plurality of
pixels 30a are electrically connected to the scan lines electrically connected to the gate driver
28b or electrically connected to the scan lines electrically connected to the gate driver 29b.
[0082]

The display region 11b illustrated in FIG. 3D includes a plurality of pixels 30b, a
plurality of scan lines electrically connected to the gate driver 28b, and a plurality of signal lines.
The scan lines electrically connected to the gate driver 28b are electrically connected to the
pixels 30b. The signal lines are electrically connected to the pixels 30b as well as the pixels
30a electrically connected to the gate driver 28b.

[0083]

In FIG. 3D, display in the display region 11a is updated by driving the gate drivers 28b
and 29b. Display in the display region 11b is updated by driving the gate driver 28b.
[0084]

The resolution of display of the pixel 30a differs from that of the pixel 30b because of
the difference in size of the pixels. Thus, the amount of data needed for display in the display
region 11b can be reduced. In the case where display is performed only in the display region
11b, display data to be updated also can be reduced by driving only the gate driver 28b; thus,
power consumption can be reduced.

[0085]

The gate drivers illustrated in FIGS. 3C and 3D can select scan lines to update display.
The gate driver preferably includes a decoder circuit. When the gate driver 28b includes the
decoder circuit, it can selectively update only display in the display region 11b. Note that the
gate driver can update display also with a configuration using a shift register circuit.

[0086]

Even in the case where display in the display regions 11a and 11b is updated, display
data of the display region 11b is smaller in FIG. 3D than in FIG. 3C, and thus power
consumption in FIG. 3D can be reduced.

[0087]
The pixel 30b can be larger than the pixel 30a in size. Thus, a storage capacitor for

storing display data can be large. When the gray level of display is changed due to leakage of
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charge from the storage capacitor, a flicker occurs at the time of update of display of a still image.
When the storage capacitor is made larger, a change in gray level of display that causes a flicker
can be reduced. Thus, the pixel 30b is suitable for displaying text data or a still image, and
when the electronic device is shifted to a standby state, the quality of display can be maintained
even in the case where power gating is performed on the gate driver.

[0088]

When the touch sensor module of FIG. 3B and the display device of FIG. 3D are
combined, as illustrated in FIG. 1A, a region not including a pixel can be provided between the
display regions 11a and 11b. A display device including two display regions can be fabricated
using the gate drivers 28b and 29b. Pixels may be continuously arranged between the display
regions 11a and 11b. The display device 25b can include display regions whose resolutions are
different from each other. The same effect can be obtained by combining the touch sensor
module of FIG. 3A and the display device of FIG. 3D.

[0089]

The touch sensor module of FIG. 3A or 3B and the display device of FIG. 3C or 3D can
be used in combination as appropriate.
[0090]

The operation of a touch panel input system is described using a display module 70 with
reference to FIGS. 4A and 4B through FIG. 10. As an example, the display module 70
described with reference to FIGS. 4A and 4B includes the touch sensor module 24a illustrated in
FIG. 3A and the display device 25a illustrated in FIG. 3C.

[0091]

FIG. 4A illustrates an example in which a plurality of icons 22a to 22e are displayed on
the display device 11. The display device 11 includes the display regions 1la and 11b.
Furthermore, the display region 11a includes a plurality of display regions 12a to 12h (regions
denoted by dashed-dotted lines in FIG. 4A), and the touch panel 21 includes the touch sensing
regions 21a to 21h. The touch sensing regions 211 to 21n are positioned to overlap with the
display region 11b. Hereinafter, boundaries of the display regions 12a to 12h are denoted by
dashed-dotted lines, and boundaries of the touch sensing regions 21a to 21h are denoted by
dashed lines.

[0092]

The display device 11 includes the plurality of pixels 30a as illustrated in FIG. 3C, and
can perform display as one display portion. The display regions 12a to 12h included in the
display region 11a are each a unit for control.

[0093]
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In the display region 11b, a plurality of touch sensing regions overlapping with the
display region 11b are arranged. Text, a still image, or the like is preferably displayed in the
display region 11b. A variety of execution commands such as boot-up, confirmation, cancel,
and mode change can be associated with the touch sensing regions 211 to 21n.

[0094]

A variety of execution commands such as boot-up, confirmation, cancel, and mode
change are processed via the CPU 710 by the control program stored in the memory 712a or the
like. By the execution command processed by the control program, display in the display
regions 1la and 11b can be updated. An application program or data to be displayed may be
received by the communication module 716 via a carrier wave 23g.

[0095]

Execution commands associated with the touch sensing regions 211 to 2In are
preferably switched to an execution command needed for the display content of the display
device 11 as appropriate.

[0096]

An example in which the plurality of icons 22a to 22e are displayed in the display
region 1lais described. The icons are arranged at regular intervals. As an example, the icons
22a and 22b are displayed in the display region 12a. The touch sensing region 21a is arranged
to overlap with the display region 12a.

[0097]

An operator touches the touch sensing region 21a to execute an application program
associated with the icon 22b. Even when he/she touches a slightly deviated position as
described with reference to FIG. 1C, a touch on the touch sensing region 21a can be sensed.
[0098]

The touch sensing region 21a notifies the CPU 710 via the touch controller 718 that the
touch is sensed. The control program that controls the CPU 710 extracts icons displayed in the
display region 12a overlapping with the touch sensing region 21a on which a touch is sensed by
the touch controller 718.

[0099]

The icons extracted by the control program are displayed as illustrated in FIG. 4B. 1In
FIG. 4B, in accordance with the number of icons displayed in the display region 12a in FIG. 4A,
the icons are regenerated in some of the display regions 12a to 12h.  Each of the display regions
displays one of the icons displayed in the display region 12a in FIG. 4A.

[0100]
When the operator touches the icon 22b displayed in the display region 12c, the icon
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22b can be selected. The application program may be executed by double-clicking the touch
sensing region 21c or touching any of the touch sensing regions 211 to 21n that is associated with
the execution command.

[0101]

With the touch panel input system illustrated in FIGS. 4A and 4B, a target icon can be
surely selected even when touch operation is unstable because of a trembling arm, poor eyesight,
or the like. The target icon can be surely selected and the application program can be surely
executed even when an operator operates an electronic device while he/she is on a vibrating
vehicle or is moving. The "vehicle" means a vehicle including a motor or an engine such as a
car, a train, an airplane, or a ship. Furthermore, "moving" means walking, running, or riding a
bicycle or the like, which does not include a motor or an engine.

[0102]

FIG. 5 shows a flow chart of operation of the display module illustrated in FIGS. 4A
and 4B. As an example, steps of selecting the icon 22b are described.
[0103]

ST1001 is a step of displaying a plurality of icons in the display region 11a as illustrated
in FIG. 4A.
[0104]

ST1002 is a step in which an operator touches the icon 22b that is to be executed or the
periphery of the icon 22b.
[0105]

ST1003 is a step in which the touch sensing region 21a senses a touch and the control
program is notified of the sensed information via the CPU.
[0106]

ST1004 is a step in which the control program extracts icons in the display region 12a
overlapping with the touch sensing region 21a, and in accordance with the number of extracted
icons, the icons are displayed in some of the display regions 12a to 12h. In FIG. 4B, the icon
22ais displayed in the display region 12a, and the icon 22b is displayed in the display region 12c.
Note that it is preferable that a touch on a display region in which the icon is not displayed be
invalidated in the case where the number of the extracted icons is smaller than that of the display
regions 12a to 12h. By invalidating the touch on the display region in which the icon is not
displayed in the case where the number of the extracted icons is smaller than that of the display
regions 12a to 12h it, a malfunction caused by a touch on the display region in which the icon is
not displayed can be prevented. Moreover, the display region in which the icon is not displayed

may be associated with a function of canceling the selection of the display region selected in
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ST1002. Alternatively, an icon for canceling can be further added.
[0107]

ST1005 is a step in which the touch sensing region 21c senses a touch, the control
program is notified of the sensed information via the CPU, and the selected icon is determined.
In FIG. 4B, the control program is notified that the icon 22b displayed in the display region 12¢
is selected.

[0108]

ST1006 is a step of notifying the application program via the CPU that the selected icon
22b is double-clicked. Alternatively, ST1006 is a step of notifying the application program, by
a touch on the touch sensing region 21m that is associated with the execution command, via the
CPU that the icon 22b is selected.

[0109]

ST1007 is a step of booting up the application program associated with the selected icon
22b.
[0110]

By performing the steps shown in FIG. 5, a touch panel input system that can surely
select and boot up an application program can be provided. Although the execution command
is associated with the touch sensing region 21m in the flow chart shown in FIG. 5, the execution
command may be associated with the touch sensing region 211 or the touch sensing region 21n.
The commands associated with the touch sensing regions 211 to 21n can be set by the control
program as appropriate.

[0111]

An operation of the touch panel input system that is different from that of FIGS. 4A and
4B is described using the display module 70 with reference to FIGS. 6A and 6B.
[0112]

The display module 70 illustrated in FIG. 6A displays arrows, and the arrows function
as up, down, left and right cursors. Display can be performed by superimposing the arrows on
an image that is displayed in the display region 11a. FIG. 6A illustrates an example in which
the arrows showing different directions are superimposed on an image displayed in the display
regions 12b, 12d, 12f, and 12h. Only the outlines of the arrows may be shown or
semi-transmissive display may be performed for the arrows by changing the gray levels of inner
regions surrounded by the outlines. Furthermore, it is preferable that touch sensing is valid
only in the display regions in which the arrows are displayed. In the case where touch sensing
is valid only in the display regions in which the arrows are displayed, a malfunction caused by a

touch on a display region other than the display regions in which the arrows are displayed can be
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prevented.
[0113]

In regions overlapping with the display regions 12b, 12d, 12f, and 12h in which the
arrows are displayed, the touch sensing regions 21b, 21d, 21f, and 21h are positioned
respectively. By a touch on any of the display regions in which the arrows are displayed, it can
be clearly shown which one is selected from the display regions 12a to 12h. By changing the
gray level of display in the selected display region, the selection of the display region can be
shown.

[0114]

FIG. 6A shows that the display region 12a (shown by hatching) is selected. Any one
of the display regions in which the arrows are displayed senses a touch, and the control program
controls the display controller 711 via the CPU, so that the gray level of display of the selected
display region can be changed. The gray level of display may be multiplied by a specified
coefficient or a specified gray level may be added to the gray level to obtain the gray level of
display after selection.

[0115]

By a touch on the display region in which the arrow is displayed, a selection position
can be moved from the selected display region 12a in the direction of the arrow. For example,
when the display region 12f is touched while the display region 12a is in a selected state, the
selection position moves to the display region 12b that is positioned on the right side. Then, the
display region 12d is touched, whereby the selection position moves to the display region 12d
that 1s positioned on the downside.

[0116]

Thus, by associating the specified touch sensing regions with function that correspond
to cursors indicating moving, the display region can be selected. Moreover, by a touch on any
of the touch sensing regions 211 to 21n that is associated with the confirmation command and
overlaps with the display region 11b, icons displayed in the selected display region are
rearranged and displayed as illustrated in FIG. 6B.

[0117]

In FIG. 6B, the display region can be selected by a touch on the display regions in
which the arrows are displayed as in FIG. 6A. Furthermore, by a touch on any of the touch
sensing regions 211 to 21n that is associated with the execution command, the application
program associated with the icon 22b can be executed.

[0118]

The control program can transmit and receive information to/from a peripheral device
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23 illustrated in FIG. 6A using the communication module 716 via the CPU. The peripheral
device 23 includes a joystick 23d, a switch 23a having the same function as the touch sensing
region 211, a switch 23b having the same function as the touch sensing region 21m, and a switch
23c¢ having the same function as the touch sensing region 21n.

[0119]

The operation of the joystick 23d can have the same function as the touch sensing
regions functioning as cursors. The switches 23a to 23¢ have the same functions as the touch
sensing regions 211 to 21n, respectively.

[0120]

The communication module 716 can transmit and receive operation information, the
control program, display data, or the like using carrier waves 23e and 23f and the carrier wave
23g. The communication module 716 can use a communication standard developed by IEEE
such as a wireless local area network (LAN), Wi-Fi (registered trademark), Bluetooth (registered
trademark), or ZigBee (registered trademark).

[0121]

FIG. 7 shows a flow chart of operation of the display module illustrated in FIGS. 6A
and 6B. As an example, steps of selecting the icon 22b are described.
[0122]

ST1101 1s a step of displaying a plurality of icons in the display region 11a as illustrated
in FIG. 6A.
[0123]

ST1102 is a step in which the operator touches any of the display regions in which the
arrows are displayed, whereby the selection position is moved to any one of the display regions
12a to 12h.

[0124]

ST1103 is a step in which the control program changes, via the CPU, the gray level of
the display region 12a in which the icon 22b to be executed is displayed.
[0125]

ST1104 is a step of notifying the control program via the CPU, by a touch on any of the
touch sensing regions 211 to 21n that is associated with the confirmation command, that the
display region 12a is selected by the operator.

[0126]

ST1105 is a step in which the control program extracts icons displayed in the selected

display region 12a, and in accordance with the number of extracted icons, the icons are displayed

in some of the display regions 12a to 12h. In FIG. 6B, the icon 22a is displayed in the display
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region 12a, and the icon 22b is displayed in the display region 12¢. Note that it is preferable
that a touch on a display region in which the icon is not displayed be invalidated in the case
where the number of the extracted icons is smaller than that of the display regions 12a to 12h.
By invalidating the touch on the display region in which the icon is not displayed in the case
where the number of the extracted icons is smaller than that of the display regions 12a to 12h, a
malfunction caused by a touch on the display region in which the icon is not displayed can be
prevented. Moreover, the display region in which the icon is not displayed may be associated
with a function of canceling the selection of the display region selected in ST1104.
Alternatively, an icon for canceling can be further added.

[0127]

ST1106 is a step in which the operator touches any of the display regions in which the
arrow is displayed, so that any of the display regions 12a to 12h is selected. FIG. 6B shows that
the icon 22b displayed in the display region 12¢ is selected.

[0128]

ST1107 is a step in which any of the touch sensing regions 211 to 21n that is associated
with the execution command is touched, so that the application program is notified via the CPU
that the icon 22b displayed in the display region 12c¢ is selected by the operator.

[0129]

ST1108 is a step of booting up the application program associated with the selected
icon.
[0130]

By performing the steps shown in FIG. 7, a touch panel input system that can surely
select and boot up an application program can be provided. In the flow chart shown in FIG. 7,
as an example, the confirmation command is associated with the touch sensing region 211, and
the execution command is associated with the touch sensing region 21m. Alternatively, the
confirmation command and the execution command may be associated with the same touch
sensing region. The commands associated with the touch sensing regions 211 to 21n can be set
by the control program as appropriate.

[0131]

The processing illustrated by the flow chart shown in FIG. 7 can be employed also in
the case where the peripheral device 23 including the joystick 23d is used.
[0132]

The touch panel input systems illustrated in FIGS. 4A and 4B and FIGS. 6A and 6B can
be switched by a mode selection function associated with any of the touch sensing regions 211 to

21n. By switching the touch panel input systems illustrated in FIGS. 4A and 4B and FIGS. 6A
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and 6B, a comfortable touch input interface matching the operator's conditions can be provided.
[0133]

The arrows illustrated in FIGS. 6A and 6B may be displayed using a light-emitting
element, and display in the other portions may be performed using a reflective liquid crystal
element. The gray level of the selected display region is not necessarily changed to a gray level
obtained by calculation, but light or color may be modulated using a light-emitting element. A
display panel including a light-emitting element and a reflective liquid crystal element is
described in detail in Embodiment 2.

[0134]

A character input system using the touch panel input systems illustrated in FIGS. 4A and
4B and FIGS. 6A and 6B is described with reference to FIGS. 8A to 8C. FIG. 8A illustrates an
example in which a character input screen is displayed in the display region 11a of the display
device 11. A character input method using the touch panel input system described with
reference to FIGS. 4A and 4B is described as an example. Characters can be easily input also
in the case of using the touch panel input system described with reference to FIGS. 6A and 6B.
[0135]

By a touch on a character input object called by the application program or a touch on
any of the touch sensing regions 211 to 21n that is associated with the confirmation command,
characters can be input.

[0136]

Alternatively, by moving the selection position between display regions one by one
using the touch sensing regions functioning as cursors illustrated in FIGS. 6A and 6B and
selecting an icon, the character input object is called by the application program associated with
the icon, so that characters can be input
[0137]

The control program preferably controls character input and display of the input
character string via the CPU 710. When the control program controls character input and
display of the input character string via the CPU 710, the control program can be employed for a
variety of application programs. Note that when character attributes or the like are controlled
by an application program, the application program can control character input and display of the
input character string via the CPU 710.

[0138]

In FIG. 8A, the display region 1la includes the display regions 12a to 12h. The

display regions are classified according to the character attributes, so that some of the character

attributes are displayed. The display regions 12a to 12h include the touch sensing regions 21a
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to 21h that overlap with the display regions.
[0139]

Examples of the character attributes displayed in the display region 11a are described.
Uppercase alphabets are displayed in the display region 12a, Emoji (pictograms) are displayed in
the display region 12b, lowercase alphabets are displayed in the display region 12¢, symbols are
displayed in the display region 12d, hiragana letters (one of Japanese syllabaries) are displayed
in the display region 12e, numbers are displayed in the display region 12f, symbols such as
punctuation marks are displayed in the display region 12g, and function keys are displayed in the
display region 12h. The character attributes displayed in the display regions 12a to 12h are not
limited to the above and may be different.

[0140]

Characters selected in the display region 11a are displayed in the display region 11b.
FIG. 8A illustrates an example in which an input character string consisting of alphabets,
numbers, and symbols is displayed. If needed, conversion can be made by a touch on a touch
sensing region associated with any of the touch sensing regions 211 to 21n.

[0141]

For example, a function of inserting a line break in the input string displayed in the
display region 11b can be associated with the touch sensing region 211. A function of
converting characters can be associated with the touch sensing region 21m. A function of
returning to the initial screen of the character input screen and a function of closing the character
input screen can be associated with the touch sensing region 21n. One embodiment of the
present invention is not limited thereto, and other functions may be associated with the touch
sensing regions 211 to 21n.

[0142]

Another function executed by concurrent touches on a plurality of touch sensing regions
may be associated with the plurality of touch sensing regions. For example, a function of
transmitting the input character string from the character input object to the application program
by a touch on the touch sensing regions 211 and 21m at the same time can be associated with the
touch sensing regions 211 and 21m.

[0143]

FIG. 8B illustrates display in the case where the operator touches the touch sensing
region 2la overlapping with the display region 12a in FIG. 8A. Uppercase alphabets are
displayed in the display region 12a, and a display list of uppercase alphabets is associated with
the display region 12a.

[0144]
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In FIG. 8B, the display region 12g has a function of displaying the previous set of
alphabets. In the case where alphabets A, B, C, D, E, and F are displayed in the display regions
12a to 12f as illustrated in FIG. 8B, displaying the previous set of alphabets means displaying
alphabets U, V, W, X, Y, and Z by a touch on the display region 12g. The display region 12h
has a function of displaying the next set of alphabets. Displaying the next set of alphabets
means displaying alphabets G, H, I, J, K, and L by a touch on the display region 12h.

[0145]

When the operator touches a display region in which any character is displayed, the
selected character is displayed in the display region 11b.
[0146]

FIG. 8C illustrates display in the case where the operator touches the touch sensing
region 21f overlapping with the display region 12f in FIG. 8A. Numbers are displayed in the
display region 12f, and a display list of numbers is associated with the display region 12f. In
FIG. 8C, unlike in FIG. 8B, the display region 1la is divided into ten and includes the display
regions 12ato 12j. The touch sensing regions 21a to 21h and touch sensing regions 21i and 21j
are positioned to overlap with the display regions 12a to 12h and display regions 211 and 21j.
[0147]

In the case where the touch panel of the touch sensor module 24a that is described with
reference to FIG. 3A is used, the touch sensing regions can be arranged to match the display
contents. With a function of displaying the previous or next set of alphabets as illustrated in
FIG. 8B, the display list associated with the display regions 12a to 12h can be displayed using
the touch panel of the touch sensor module 24b that is described with reference to FIG. 3B.
[0148]

FIG. 9 shows a flow chart of operation of the display module illustrated in FIGS. 8A
and 8B.

[0149]

ST1201 is a step in which an application program is booted up by the touch panel input
system described with reference to FIGS. 4A and 4B or FIGS. 6A and 6B.
[0150]

ST1202 is a step in which a character input screen is displayed.
[0151]

ST1203 is a step in which the operator touches any of the touch sensing regions 21a to
21h overlapping with the display regions 12a to 12h in which some character attributes are
displayed to select the character attribute. Then, one character with the selected character

attribute is displayed in each of the display regions 12a to 12h.
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[0152]

ST1204 is a step in which the operator selects one character from the characters
displayed in the display regions 12a to 12h. In the case where the character that the operator
intends to select is not displayed in the display regions 12a to 12h, the character can be searched
by a touch on the symbol indicating "next or "previous" associated with any of the display
regions.

[0153]

ST1205 is a step in which the operator touches a character displayed in the display
region, so that an application program is notified of the information of the selected character via
the CPU. The selected character is displayed in the display region 11b by the application
program.

[0154]

ST1206 is a step of performing conversion or confirmation of the input character string
or insertion of a line break to the input character string using functions associated with the touch
sensing regions 211 to 21n.

[0155]

ST1207 is a step in which the character string that is displayed in the display region 11b
and is confirmed is transmitted to the application program. After the transmission, the
character input system is terminated, and the screen is returned to the display screen of the
application program.

[0156]

By performing the steps shown in FIG. 9, the character input system capable of
performing character input surely can be provided for the character input object of the
application program.

[0157]

A function of inserting a line break is associated with the touch sensing region 211. A
function of converting characters is associated with the touch sensing region 21m. A function
of returning to the initial screen of the character input screen and a function of closing the
character input screen are associated with the touch sensing region 21n. A function of
transmitting the input character string to the application program by a touch on two touch
sensing regions, i.e., the touch sensing regions 211 and 21m at the same time is associated with
the touch sensing regions 211 and 21m. However, functions associated with the touch sensing
regions are not limited thereto, and it is preferable that the functions be set by an application
program as appropriate.

[0158]
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Even in an electronic device that has a display region having a limited area, such as a
smartphone, characters can be surely input using the character input system illustrated in FIGS.
8A to 8C. Stable character input can be achieved by displaying the selected character big and
enlarging touch sensing regions.

[0159]

FIG. 10 illustrates a display module 70a that is used for a tablet, a notebook personal
computer, or the like. Compared to a smartphone or the like, the display module 70a has a large
display region. However, the arm needs to be moved large when the operation range is
expanded; thus, there is a problem in operability for an operator with not only a trembling arm
but also a narrow movable range due to a stiff arm. Furthermore, an electronic device having a
large screen has too large a range of the touch panel, and thus there is a problem in operation
with fingers.

[0160]

Even when a large display region and a large touch sensing region are included like in
the display module 70a, the display module can be operated easily by using the touch panel input
system described with reference to FIGS. 4A and 4B or FIGS. 6A and 6B. The method for
operating the display module including a large display region is described using the touch panel
input system described with reference to FIGS. 6A and 6B, as an example.

[0161]

The display module 70a illustrated in FIG. 10 includes a display device 11c and a touch
panel 15. The display device 1lc includes a display region 11d. The display region 11d
includes the display regions 12a to 12j and display regions 12k to 12q. The touch panel 15
includes touch sensing regions 15a to 15p, touch sensing regions 13a to 13d, and touch sensing
regions 14ato 14c.

[0162]

The touch sensing regions 15a to 15p are positioned to overlap with the display regions
12a to 12p. The touch sensing regions 13a to 13d and the touch sensing regions 14a to 14c are
positioned to overlap with the display region 12q.

[0163]

Arrows are displayed in the display region 12q overlapping with the touch sensing
regions 13a to 13d. The arrows function as up, down, left and right cursors. The arrows can
be displayed by superimposing the arrows on an image that is displayed in the display region 12q.
FIG. 10 illustrates an example in which the arrows showing different directions are
superimposed on an image displayed in the display region 12q.

[0164]
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Semi-transmissive switches can be displayed in the display region 12q overlapping with
the touch sensing regions 14a to 14c¢ by changing the gray levels. A variety of functions can be
associated with the touch sensing regions 14a to 14c, like the touch sensing regions 211 to 21n.
The arrows or the semi-transmissive switches can be displayed using a light-emitting element
described in Embodiment 2.

[0165]

Thus, like the display module 70 illustrated in FIGS. 6A and 6B, the display module 70a
illustrated in FIG. 10 can be controlled using the touch panel input system. In the display
module 70a, all the operation regions are placed in part of the display region 11d. Thus, an
easy-to-use touch panel input system with which a large movement is not required can be
provided for an electronic device having a large display region, such as a tablet, a notebook
personal computer, or a large monitor.

[0166]
(Embodiment 2)

In this embodiment, a display device having the configuration of the display region 11a
described in Embodiment 1 is described.
[0167]

A display device of one embodiment of the present invention includes a first display
element that reflects visible light and a second display element that emits visible light.
[0168]

The display device has a function of displaying an image using one or both of first light
reflected by the first display element and second light emitted by the second display element.
Alternatively, the display device has a function of producing gray levels by controlling the
amount of the first light reflected by the first display element and the amount of the second light
emitted by the second display element.

[0169]

The display device preferably includes first pixel circuits each of which produces gray
levels by controlling the amount of light reflected by the first display element and second pixel
circuits each of which produces gray levels by controlling the amount of light emitted by the
second display element. The first pixel circuits and the second pixel circuits are arranged, for
example, in a matrix to form a display portion.

[0170]

The first pixel circuits and the second pixel circuits are preferably arranged at regular

intervals in a display region. The first pixel circuit and the second pixel circuit adjacent to each

other can be collectively referred to as a pixel.
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[0171]

Furthermore, the first pixel circuits and the second pixel circuits are preferably mixed in
the display region of the display device. In that case, an image displayed only by a plurality of
first pixel circuits, an image displayed only by a plurality of second pixel circuits, and an image
displayed by both the plurality of first pixel circuits and the plurality of second pixel circuits can
be displayed in the same display region, as described later.

[0172]

As the first display element included in the first pixel circuit, an element that performs
display by reflecting external light can be used. Such an element does not include a light
source and thus power consumption in display can be significantly reduced.

[0173]

As the first display element, a reflective liquid crystal element can typically be used.
Alternatively, as the first display element, an element using a microcapsule method, an
electrophoretic method, an electrowetting method, an Electronic Liquid Powder (registered
trademark) method, or the like can be used, other than a Micro Electro Mechanical Systems
(MEMS) shutter element or an optical interference type MEMS element.

[0174]

As the second display element included in the second pixel circuit, an element that
includes a light source and performs display using light from the light source can be used. It is
particularly preferable to use a light-emitting element in which light emission from a
light-emitting substance can be extracted by application of an electric field. Since the
luminance and the chromaticity of light emitted from such a pixel circuit are not affected by
external light, an image with high color reproducibility (a wide color gamut) and a high contrast,
i.e., a clear image can be displayed.

[0175]

As the second display element, a self-luminous light-emitting element such as an
organic light-emitting diode (OLED), a light-emitting diode (LED), and a quantum-dot
light-emitting diode (QLED) can be used. Alternatively, a combination of a backlight as a light
source and a transmissive liquid crystal element that controls the amount of transmitted light
emitted from a backlight may be used as the second display element included in the second pixel
circuit.

[0176]

The first pixel circuit can include subpixels that emit white (W) light or subpixels that

emit light of three colors of red (R), green (G), blue (B), for example. The second pixel circuit

can also include subpixels which emit white (W) light or subpixels which emit light of three
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colors of red (R), green (G), and blue (B), for example. Note that the first pixel circuit and the
second pixel circuit may each include subpixels of four colors or more. As the number of kinds
of subpixels increases, power consumption can be reduced and color reproducibility can be
improved.

[0177]

In one embodiment of the present invention, switching between a first mode in which an
image is displayed by the first pixel circuits, a second mode in which an image is displayed by
the second pixel circuits, and a third mode in which an image is displayed by the first pixel
circuits and the second pixel circuits can be performed.

[0178]

In the first mode, an image is displayed using light reflected by the first display element.
The first mode is a driving mode with extremely low power consumption because a light source
is unnecessary, and is effective in the case where, for example, external light has a sufficiently
high illuminance and is white light or light near white light. The first mode is a display mode
suitable for displaying text information of a book or a document, for example. The first mode
can offer eye-friendly display owing to the use of reflected light and thus has an effect of being
unlikely to cause eyestrain.

[0179]

In the second mode, an image is displayed using light emitted by the second display
element. Thus, an extremely clear image (with a high contrast and high color reproducibility)
can be displayed regardless of the illuminance and chromaticity of external light. For example,
the second mode is effective in the case where the illuminance of external light is extremely low,
such as during the nighttime or in a dark room. When a bright image is displayed under weak
external light, a user may feel that the image is too bright. To prevent this, an image with
reduced luminance is preferably displayed in the second mode. In that case, not only a
reduction in brightness but also low power consumption can be achieved. The second mode is
a mode suitable for displaying a vivid image and a smooth moving image, for example.

[0180]

In the third mode, display is performed using both light reflected by the first display
element and light emitted by the second display element. Specifically, the display device is
driven so that light emitted from the first pixel circuit and light emitted from the second pixel
circuit adjacent to the first pixel circuit are mixed to express one color. A clearer image than
that in the first mode can be displayed and power consumption can be lower than that in the
second mode. For example, the third mode is effective when the illuminance of external light is

relatively low, such as under indoor illumination or in the morning or evening, or when the
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external light does not represent a white chromaticity. Furthermore, the use of mixed light of
reflected light and emitted light enables display of an image like a real painting.
[0181]

Note that it is preferable that idling stop (IDS) driving be performed in the first mode
and/or the third mode because a reduction in power consumption of the display device can be
achieved.

[0182]

More specific structure examples are described below with reference to drawings.
[0183]

[Structure example of display device]

FIG. 11A is a block diagram of the display device 11 including the display regions 11a
and 11b described with reference to FIG. 3D. The display regions 11a and 11b have pixels
having different sizes, and thus can perform display with different resolutions. Therefore, the
amount of display data per display area can be reduced.

[0184]

The display region 1la includes a plurality of pixels 30a arranged in a matrix. The
pixel 30a includes a first pixel circuit 31p and a second pixel circuit 32p.
[0185]

The display region 11b includes the plurality of pixels 30b arranged in a matrix. The
pixel 30b includes the first pixel circuit 31p and the second pixel circuit 32p; however, the sizes
of the first pixel circuit 31p and the second pixel circuit 32p are different from those in the
display region 11a.

[0186]

FIG. 11A shows an example where the first pixel circuit 31p and the second pixel circuit
32p each include display elements for three colors of red (R), green (G), and blue (B).

[0187]

The first pixel circuit 31p includes a display element 31R for red (R), a display element
31G for green (G), and a display element 31B for blue (B). The display elements 31R, 31G,
and 31B each utilize reflection of external light.

[0188]

The second pixel circuit 32p includes a display element 32R for red (R), a display
element 32G for green (G), and a display element 32B for blue (B). The display elements 32R,
32@G, and 32B each utilize light of a light source.

[0189]
FIG. 11B is a block diagram of the display device 11 including the pixels 30a having the
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same size in the display regions 11a and 11b described with reference to FIG. 3C. Since the
pixels having the same size are used, the resolution of the display region 11a and the resolution
of the display region 11b become the same; thus, display can be seamlessly expanded as an
expanded display region of the display region 11a.

[0190]

[Structure examples of pixel]

FIGS. 12A to 12C are schematic views illustrating structure examples of the pixels 30a
and 30b. Since the pixels 30a and 30b have the same configuration, the pixels 30a and 30b are
described as a pixel 30. The pixel 30 shown in FIGS. 12A to 12C includes the first pixel circuit
31p and the second pixel circuit 32p.

[0191]

The first pixel circuit 31p includes the display elements 31R, 31G, and 31B. The
display elements 31R, 31G, and 31B are each an element that performs display by reflecting
external light. The display element 31R reflects external light and emits red light Rr to the
display surface side. Similarly, the display element 31G and the display element 31B emit
green light Gr and blue light Br, respectively, to the display surface side.

[0192]

The second pixel circuit 32p includes the display elements 32R, 32G, and 32B. The
display elements 32R, 32G, and 32B are each a light-emitting element. The display element
32R emits red light Rt to the display surface side. Similarly, the display element 32G and the
display element 32B emit green light Gt and blue light Bt, respectively, to the display surface
side. Accordingly, a clear image can be displayed with low power consumption. Furthermore,
an image like a real painting can be displayed.

[0193]

FIG. 12A corresponds to a mode (third mode) in which display is performed by driving
both the first pixel circuit 31p and the second pixel circuit 32p. The pixel 30 can emit light 35tr
of a predetermined color to the display surface side by mixing six kinds of light, the light Rr, the
light Gr, the light Br, the light Rt, the light Gt, and the light Bt.

[0194]

Here, there are many combinations of luminance of light selected from the six kinds of
light, the light Rr, the light Gr, the light Br, the light Rt, the light Gt, and the light Bt, where the
light 35tr has predetermined luminance and chromaticity. Thus, in one embodiment of the
present invention, a combination where the luminance (a gray level) of the light Rr, the light Gr,
and the light Br emitted from the first pixel circuit 31p is the largest is preferably selected from
the combinations of luminance (gray levels) of six kinds of light that provide the light 35tr with
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the same luminance and chromaticity. In that case, power consumption can be reduced without
impairing color reproducibility.
[0195]

FIG. 12B corresponds to a mode (first mode) in which display is performed with only
reflected light by driving the first pixel circuit 31p. In the case where the illuminance of
external light is sufficiently high, for example, the pixel 30 can emit light 35r of a predetermined
color, which is a reflected light combination, to the display surface side by mixing only light
from the first pixel circuit 31p (the light Rr, the light Gr, and the light Br) without driving the
second pixel circuit 32p. This enables driving with extremely low power consumption.
Furthermore, eye-friendly display can be performed.

[0196]

FIG. 12C corresponds to a mode (second mode) in which display is performed with only
emitted light (transmitted light) by driving the second pixel circuit 32p. In the case where the
illuminance of external light is extremely low, for example, the pixel 30 can emit the light 35t of
a predetermined color to the display surface side by mixing only light from the second pixel
circuit 32p (the light Rt, the light Gt, and the light Bt) without driving the first pixel circuit 31p.
Accordingly, a clear image can be displayed. Furthermore, luminance is lowered when the
illuminance of external light is low, which can prevent a user from feeling glare and reduce
power consumption.

[0197]
[Modification examples]

Although the example in which the first pixel circuit 31p and the second pixel circuit
32p each include display elements for three colors of red (R), green (G), and blue (B) is
described above, one embodiment of the present invention is not limited thereto. A structure
example different from the above is described below.

[0198]

FIGS. 13A to 13C and FIGS. 14A to 14C each illustrate a structure example of the pixel
30. Although schematic views corresponding to a mode (third mode) in which display is
performed by driving both the first pixel circuit 31p and the second pixel circuit 32p are
illustrated here, display can be performed using either the mode (first mode) in which display is
performed with only reflected light by driving the first pixel circuit 31p or the mode (second
mode) in which display is performed with only emitted light (transmitted light) by driving the
second pixel circuit 32p, as in the above cases.

[0199]

FIG. 13A illustrates an example in which the second pixel circuit 32p includes a display
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element 32W that exhibits white (W) light in addition to the display element 32R, the display
element 32G, and the display element 32B. This can reduce power consumption in the display
modes each using the second pixel circuit 32p (the second mode and the third mode).

[0200]

FIG. 13B illustrates an example in which the second pixel circuit 32p includes a display
element 32Y that exhibits yellow (Y) light in addition to the display element 32R, the display
element 32G, and the display element 32B. This can reduce power consumption in the display
modes each using the second pixel circuit 32p (the second mode and the third mode).

[0201]

FIG. 13C illustrates an example in which the first pixel circuit 31p includes a display
element 31W that exhibits white (W) light in addition to the display element 31R, the display
element 31G, and the display element 31B. Furthermore, FIG. 13C illustrates an example in
which the second pixel circuit 32p includes the display element 32W that exhibits white (W)
light in addition to the display element 32R, the display element 32G, and the display element
32B. This can reduce power consumption in the display modes each using the first pixel circuit
31p (the first mode and the third mode) and in the display modes each using the second pixel
circuit 32p (the second mode and the third mode).

[0202]

FIG. 14A illustrates an example in which the first pixel circuit 31p includes only the
display element 31W that exhibits white light. In this case, in the display mode using only the
first pixel circuit 3 1p (first mode), monochrome or grayscale images can be displayed, and in the
display modes each using the second pixel circuit 32p (the second mode and the third mode),
color images can be displayed.

[0203]

Furthermore, such a structure can increase the aperture ratio and the reflectivity of the
first pixel circuit 3 1p, allowing a brighter image to be displayed.
[0204]

The mode (first mode) in which display is performed using only the first pixel circuit
31p is suitable for displaying information that does not need to be displayed in color, such as text
information. When display is performed in the first mode, an electronic device incorporating
the display device can be used like an e-book reader or a textbook, for example.

[0205]

FIG. 14B illustrates an example in which the second pixel circuit 32p includes the
display element 32W that exhibits white (W) light in addition to the display element 32R, the
display element 32G, and the display element 32B shown in FIG. 14A. This can reduce power
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consumption in the display modes each using the second pixel circuit 32p (the second mode and
the third mode).
[0206]

FIG. 14C illustrates an example in which the second pixel circuit 32p includes the
display element 32Y that exhibits yellow (Y) light in addition to the display element 32R, the
display element 32G, and the display element 32B shown in FIG. 14A. This can reduce power
consumption in the display modes each using the second pixel circuit 32p (the second mode and
the third mode).

[0207]

The above is the description of the structure examples of display units.

[0208]
[Cross-sectional structure example of display device]

FIG. 15 illustrates an example of a cross-sectional structure of the display region 11a of
the display device 11.

[0209]

The display region 1la includes, between a substrate 611 and a substrate 612, a first
layer 41, an insulating layer 134, an insulating layer 135, a display element 32, an adhesive layer
151, a second layer 42, an insulating layer 234, a display element 31, and the like.

[0210]

The display element 31 includes a conductive layer 221, a conductive layer 223, and
liquid crystal 222 between the conductive layers 221 and 223. The conductive layer 221
reflects visible light, and the conductive layer 223 transmits visible light. Thus, the display
element 31 is a reflective liquid crystal element that emits reflected light 62 to the substrate 612
side. Here, the conductive layer 221 is provided for each pixel and functions as each pixel
electrode. The conductive layer 223 is shared by a plurality of pixels. The conductive layer
223 is connected to a wiring supplied with a constant potential in a region that is not illustrated
and functions as a common electrode.

[0211]

The display element 32 includes a conductive layer 121, a conductive layer 123, and an
EL layer 122 between the conductive layers 121 and 123. The EL layer 122 includes at least a
light-emitting substance. The conductive layer 121 reflects visible light, and the conductive
layer 123 transmits visible light. Thus, the display element 32 is a light-emitting element that
emits light 61 to the substrate 612 side by application of voltage between the conductive layers
121 and 123. Here, the conductive layer 121 is provided for each pixel and functions as each

pixel electrode. The EL layer 122 and the conductive layer 123 are shared by a plurality of
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pixels. The conductive layer 123 is connected to a wiring supplied with a constant potential in
a region that is not illustrated and functions as a common electrode.
[0212]

The first layer 41 includes a circuit that drives the display element 31. The second
layer 42 includes a circuit that drives the display element 32. For example, the first layer 41
and the second layer 42 each include a pixel circuit including a transistor, a capacitor, a wiring,
an electrode, or the like. Note that the circuit that drives the display element 31 and the circuit
that drives the display element 32 may be formed in one layer.

[0213]

The insulating layer 234 is provided between the first layer 41 and the conductive layer
221. The conductive layer 221 and the first layer 41 are electrically connected to each other
through an opening formed in the insulating layer 234, whereby the first layer 41 and the display
element 31 are electrically connected to each other.

[0214]

The insulating layer 134 is provided between the second layer 42 and the conductive
layer 121. The conductive layer 121 and the second layer 42 are electrically connected to each
other through an opening formed in the insulating layer 134, whereby the second layer 42 and
the display element 32 are electrically connected to each other.

[0215]

The first layer 41 and the conductive layer 123 are bonded to each other with the
adhesive layer 151. The adhesive layer 151 also functions as a sealing layer that seals the
display element 32.

[0216]

In the case where the pixel circuit of the first layer 41 includes a transistor using an
oxide semiconductor and thus having a significantly low off-state current or the case where the
pixel circuit includes a memory element, for example, the gray level can be maintained even
when writing operation to a pixel is stopped in displaying a still image using the display element
31. That is, display can be maintained even when the frame rate is set to an extremely small
value.

[0217]
The above is the description of a cross-sectional structure example of the display device
11.
[0218]
[Modification example of display mode]
Note that in the third mode, in which display is performed by driving both the first pixel



10

15

20

25

30

35

WO 2018/078488 PCT/IB2017/056461
38

circuit 31p and the second pixel circuit 32p, different images can be displayed at the same time.
For example, a background image can be displayed by one of the first pixel circuit 31p and the
second pixel circuit 32p, and a moving image can be displayed by the other of the first pixel
circuit 3 1p and the second pixel circuit 32p. Thus, a more realistic image can be displayed.
[0219]

At least part of this embodiment can be implemented in combination with any of the
other embodiments described in this specification as appropriate.
[0220]

(Embodiment 3)

In this embodiment, a basic structure of a display device of one embodiment of the
present invention is described.
[0221]

The display region 11a described in Embodiment 1 has a structure where a first display
panel and a second display panel are bonded to each other with an adhesive layer therebetween.
In the first display panel, first pixel circuits that include reflective liquid crystal elements are
provided. In the second display panel, second pixel circuits that include light-emitting elements
are provided. The reflective liquid crystal elements can produce gray levels by controlling the
amount of reflected light. The light-emitting elements can produce gray levels by controlling
the amount of light emission.

[0222]

The display device can perform display by using only reflected light, display by using
only light emitted from the light-emitting elements, and display by using both reflected light and
light emitted from the light-emitting elements, for example.

[0223]

The first display panel is provided on the viewing side. The second display panel is
provided on the side opposite to the viewing side. The first display panel includes a first resin
layer in a position closest to the adhesive layer. The second display panel includes a second
resin layer in a position closest to the adhesive layer.

[0224]

It is preferable that a third resin layer be provided on the display surface side of the first
display panel and a fourth resin layer be provided on the rear surface side (the side opposite to
the display surface side) of the second display panel. Thus, the display panel can be extremely
lightweight and less likely to be broken.

[0225]

The first to fourth resin layers (hereinafter also collectively referred to as a resin layer)
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have a feature of being extremely thin. Specifically, it is preferable that each of the resin layers
have a thickness of 0.1 um or more and 3 um or less. Thus, even a structure where the two
display panels are stacked can have a small thickness. Furthermore, light absorption due to the
resin layer positioned in the path of light emitted from the light-emitting element in the second
pixel can be reduced, so that light can be extracted with higher efficiency and the power
consumption can be reduced.

[0226]

The resin layer can be formed in the following manner, for example. A thermosetting
resin material with a low viscosity is applied to a support substrate and cured by heat treatment
to form the resin layer. Then, a structure is formed over the resin layer. Then, the resin layer
and the support substrate are separated from each other, whereby one surface of the resin layer is
exposed.

[0227]

As a method of reducing adhesion between the support substrate and the resin layer to
separate the support substrate and the resin layer from each other, laser light irradiation is given.
For example, it is preferable to perform the irradiation by scanning using linear laser light. By
the method, the process time of the case of using a large support substrate can be shortened. As
the laser light, excimer laser light with a wavelength of 308 nm can be suitably used.

[0228]

A thermosetting polyimide is a typical example of a material that can be used for the
resin layer. It is particularly preferable to use a photosensitive polyimide. A photosensitive
polyimide is a material that is suitably used for formation of a planarization film or the like of
the display panel, and therefore, the formation apparatus and the material can be shared. Thus,
there is no need to prepare another apparatus and another material to obtain the structure of one
embodiment of the present invention.

[0229]

Furthermore, the resin layer that is formed using a photosensitive resin material can be
processed by light exposure and development treatment. For example, an opening can be
formed and an unnecessary portion can be removed. Moreover, by optimizing a light exposure
method or light exposure conditions, an uneven shape can be formed in a surface of the resin
layer. For example, an exposure technique using a half-tone mask or a gray-tone mask or a
multiple exposure technique may be used.

[0230]
Note that a non-photosensitive resin material may be used. In that case, a method of

forming an opening or an uneven shape using a resist mask or a hard mask that is formed over
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the resin layer can be used.
[0231]

In this case, part of the resin layer that is positioned in the path of light emitted from the
light-emitting element is preferably removed. That is, an opening overlapping with the
light-emitting element is provided in the first resin layer and the second resin layer. Thus, a
reduction in color reproducibility and light extraction efficiency that is caused by absorption of
part of light emitted from the light-emitting element by the resin layer can be inhibited.

[0232]

Alternatively, the resin layer may be provided with a concave portion so that a portion
of the resin layer that is positioned in the path of light emitted from the light-emitting element is
thinner than the other portion. That is, the resin layer may have a structure where two portions
with different thicknesses are included and the portion with a smaller thickness overlaps with the
light-emitting element. The resin layer that has the structure can also reduce absorption of light
emitted from the light-emitting element.

[0233]

In the case where the first display panel includes the third resin layer, an opening
overlapping with the light-emitting element is preferably provided in a manner similar to that
described above. Thus, color reproducibility and light extraction efficiency can be further
increased.

[0234]

In the case where the first display panel includes the third resin layer, part of the third
resin layer that is positioned in the path of light of the reflective liquid crystal element is
preferably removed. That is, an opening overlapping with the reflective liquid crystal element
is provided in the third resin layer. This can increase the reflectivity of the reflective liquid
crystal element.

[0235]

In the case where the opening is formed in the resin layer, a light absorption layer is
formed over the support substrate, the resin layer having the opening is formed over the light
absorption layer, and a light-transmitting layer covering the opening is formed. The light
absorption layer is a layer that emits a gas such as hydrogen or oxygen by absorbing light and
being heated. By performing light irradiation from the support substrate side to make the light
absorption layer emit a gas, adhesion at the interface between the light absorption layer and the
support substrate or between the light absorption layer and the light-transmitting layer can be
reduced to cause separation, or the light absorption layer itself can be broken to cause separation.

[0236]
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As another example, the following method can be used. That is, a thin part is formed
in a portion where the opening of the resin layer is to be formed, and the support substrate and
the resin layer are separated from each other by the above-described method. Then, plasma
treatment or the like is performed on a separated surface of the resin layer to reduce the thickness
of the resin layer, whereby the opening can be formed in the thin part of the resin layer.

[0237]

Each of the first pixel and the second pixel preferably includes a transistor.
Furthermore, an oxide semiconductor is preferably used as a semiconductor where a channel of
the transistor is formed. An oxide semiconductor can achieve high on-state current and high
reliability even when the highest temperature in the manufacturing process of the transistor is
reduced (e.g., 400 °C or lower, preferably 350 °C or lower). Furthermore, in the case of using
an oxide semiconductor, high heat resistance is not required for a material of the resin layer
positioned on the surface side on which the transistor is formed; thus, the material of the resin
layer can be selected from a wider range of alternatives. For example, the material can be the
same as a resin material of the planarization film.

[0238]

In the case of using low-temperature polysilicon (LTPS), for example, processes such as
a laser crystallization process, a baking process before crystallization, and a baking process for
activating impurities are required, and the highest temperature in the manufacturing process of
the transistor is higher than that in the case of using an oxide semiconductor (e.g., higher than or
equal to 500 °C, higher than or equal to 550 °C, or higher than or equal to 600 °C), though high
field-effect mobility can be obtained. Therefore, high heat resistance is required for the resin
layer positioned on the surface side on which the transistor is formed. In addition, the thickness
of the resin layer needs to be comparatively large (e.g., larger than or equal to 10 um, or larger
than or equal to 20 um) because the resin layer is also irradiated with laser light in the laser
crystallization process.

[0239]

In contrast, in the case of using an oxide semiconductor, a special material having high
heat resistance is not required for the resin layer, and the resin layer need not be formed thick.
Thus, the proportion of the cost of the resin layer in the cost of the whole display panel can be
reduced.

[0240]

An oxide semiconductor has a wide band gap (e.g., 2.5 eV or more, or 3.0 eV or more)

and transmits light. Thus, even when an oxide semiconductor is irradiated with laser light in a

step of separating the support substrate and the resin layer, the laser light is hardly absorbed, so
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that the electrical characteristics can be less affected. Therefore, the resin layer can be thin as
described above.
[0241]

In one embodiment of the present invention, a display panel excellent in productivity
can be obtained by using both a resin layer that is formed thin using a photosensitive resin layer
with a low viscosity typified by a photosensitive polyimide and an oxide semiconductor with
which a transistor having excellent electrical characteristics can be obtained even at a low
temperature.

[0242]

Next, a pixel structure is described. The first pixel circuits and the second pixel
circuits are arranged in a matrix to form the display portion. In addition, the display panel
preferably includes a first driver portion for driving the first pixel circuits and a second driver
portion for driving the second pixel circuits. It is preferable that the first driver portion be
provided in the first display panel and the second driver portion be provided in the second
display panel.

[0243]

The first pixel circuits and the second pixel circuits are preferably arranged in a display
region with the same pitch. Furthermore, the first pixel circuits and the second pixel circuits
are preferably mixed in the display region of the display panel. Accordingly, as described later,
an image displayed by a plurality of first pixel circuits, an image displayed by a plurality of
second pixel circuits, and an image displayed by both the plurality of first pixel circuits and the
plurality of second pixel circuits can be displayed in the same display region.

[0244]

The first pixel circuit is preferably formed of one pixel circuit that emits white (W) light,
for example. The second pixel circuit preferably includes subpixel circuits that emit light of
three colors of red (R), green (G), and blue (B), for example. In addition, a subpixel circuit that
emits white (W) light or yellow (Y) light may be included. By arranging such first pixel
circuits and second pixel circuits with the same pitch, the area of the first pixel circuits can be
increased and the aperture ratio of the first pixel circuits can be increased.

[0245]

Note that the first pixel circuit may include subpixel circuits that emit light of three
colors of red (R), green (G), and blue (B), and may further include a subpixel circuit that emits
white (W) light or yellow (Y) light.

[0246]

Next, transistors that can be used in the first display panel and the second display panel
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are described. A transistor provided in the first pixel circuit of the first display panel and a
transistor provided in the second pixel circuit of the second display panel may have either the
same structure or different structures.

[0247]

As a structure of the transistor, a bottom-gate structure is given, for example. A
transistor having a bottom-gate structure includes a gate electrode below a semiconductor layer
(on the formation surface side). A source electrode and a drain electrode are provided in
contact with a top surface and a side end portion of the semiconductor layer, for example.

[0248]

As another structure of the transistor, a top-gate structure is given, for example. A
transistor having a top-gate structure includes a gate electrode above a semiconductor layer (on
the side opposite to the formation surface side). A source electrode and a drain electrode are
provided over an insulating layer covering part of a top surface and a side end portion of the
semiconductor layer and are electrically connected to the semiconductor layer through openings
provided in the insulating layer, for example.

[0249]

The transistor preferably includes a first gate electrode and a second gate electrode that
face each other with the semiconductor layer provided therebetween.
[0250]

A more specific example of the display device of one embodiment of the present
invention is described below with reference to drawings.
[0251]

[Structure example 1]

FIG. 16 is a schematic cross-sectional view of the display region 1la in the display
device 11 illustrated in FIGS. 11A and 11B. In the display device 11, a display panel 100 and a
display panel 200 are bonded to each other using an adhesive layer 50. The display device 11
includes the substrate 611 on the rear side (the side opposite to the viewing side) and the
substrate 612 on the front side (the viewing side).

[0252]

The display panel 100 includes a transistor 110 and a light-emitting element 120
between a resin layer 101 and a resin layer 102. The display panel 200 includes a transistor 210
and a liquid crystal element 220 between a resin layer 201 and a resin layer 202. The resin
layer 101 is bonded to the substrate 611 with an adhesive layer 51 positioned therebetween.
The resin layer 202 is bonded to the substrate 612 with an adhesive layer 52 positioned

therebetween.
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[0253]

The resin layer 102, the resin layer 201, and the resin layer 202 are each provided with
an opening. A region 81 shown in FIG. 16 is a region overlapping with the light-emitting
element 120 and overlapping with the opening of the resin layer 102, the opening of the resin
layer 201, and the opening of the resin layer 202.

[0254]
[Display panel 100]

The resin layer 101 is provided with the transistor 110, the light-emitting element 120,
an insulating layer 131, an insulating layer 132, an insulating layer 133, the insulating layer 134,
the insulating layer 135, and the like. The resin layer 102 is provided with a light-blocking
layer 153, a coloring layer 152, and the like. The resin layer 101 and the resin layer 102 are
bonded to each other using the adhesive layer 151.

[0255]

The transistor 110 is provided over the insulating layer 131 and includes a conductive
layer 111 serving as a gate electrode, part of the insulating layer 132 serving as a gate insulating
layer, a semiconductor layer 112, a conductive layer 113a serving as one of a source electrode
and a drain electrode, and a conductive layer 113b serving as the other of the source electrode
and the drain electrode.

[0256]

The semiconductor layer 112 preferably includes an oxide semiconductor.
[0257]

The insulating layer 133 and the insulating layer 134 cover the transistor 110. The
insulating layer 134 serves as a planarization layer.
[0258]

The light-emitting element 120 includes the conductive layer 121, the EL layer 122, and
the conductive layer 123 that are stacked. The conductive layer 121 has a function of reflecting
visible light, and the conductive layer 123 has a function of transmitting visible light.
Therefore, the light-emitting element 120 is a light-emitting element having a top-emission
structure that emits light to the side opposite to the formation surface side.

[0259]

The conductive layer 121 is electrically connected to the conductive layer 113b through
an opening provided in the insulating layer 134 and the insulating layer 133. The insulating
layer 135 covers an end portion of the conductive layer 121 and is provided with an opening to
expose a top surface of the conductive layer 121. The EL layer 122 and the conductive layer

123 are provided in this order to cover the insulating layer 135 and the exposed portion of the
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conductive layer 121.
[0260]

An insulating layer 141 is provided on the resin layer 101 side of the resin layer 102.
The light-blocking layer 153 and the coloring layer 152 are provided on the resin layer 101 side
of the insulating layer 141. The coloring layer 152 is provided in a region overlapping with the
light-emitting element 120. The light-blocking layer 153 includes an opening in a portion
overlapping with the light-emitting element 120.

[0261]

The insulating layer 141 covers the opening of the resin layer 102. A portion of the
insulating layer 141 that overlaps with the opening of the resin layer 102 is in contact with the
adhesive layer 50.

[0262]
[Display panel 200]

The resin layer 201 is provided with the transistor 210, the conductive layer 221, an
alignment film 224a, an insulating layer 231, an insulating layer 232, an insulating layer 233, the
insulating layer 234, and the like. The resin layer 202 is provided with an insulating layer 204,
the conductive layer 223, an alignment film 224b, and the like. The liquid crystal 222 is
sandwiched between the alignment film 224a and the alignment film 224b. The resin layer 201
and the resin layer 202 are bonded to each other using an adhesive layer in a region not shown.
[0263]

The transistor 210 is provided over the insulating layer 231 and includes a conductive
layer 211 serving as a gate electrode, part of the insulating layer 232 serving as a gate insulating
layer, a semiconductor layer 212, a conductive layer 213a serving as one of a source electrode
and a drain electrode, and a conductive layer 213b serving as the other of the source electrode
and the drain electrode.

[0264]

The semiconductor layer 212 preferably includes an oxide semiconductor.
[0265]

The insulating layer 233 and the insulating layer 234 cover the transistor 210. The
insulating layer 234 serves as a planarization layer.
[0266]

The liquid crystal element 220 includes the conductive layer 221, the conductive layer
223, and the liquid crystal 222 positioned therebetween. The conductive layer 221 has a
function of reflecting visible light, and the conductive layer 223 has a function of transmitting

visible light. Therefore, the liquid crystal element 220 is a reflective liquid crystal element.
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[0267]

The conductive layer 221 is electrically connected to the conductive layer 213b through
an opening provided in the insulating layer 234 and the insulating layer 233. The alignment
film 224a covers surfaces of the conductive layer 221 and the insulating layer 234.

[0268]

The conductive layer 223 and the alignment film 224b are stacked on the resin layer 201
side of the resin layer 202. Note that the insulating layer 204 is provided between the resin
layer 202 and the conductive layer 223. In addition, a coloring layer for coloring light reflected
by the liquid crystal element 220 may be provided.

[0269]

The insulating layer 231 covers the opening of the resin layer 201. A portion of the
insulating layer 231 that overlaps with the opening of the resin layer 201 is in contact with the
adhesive layer 50. The insulating layer 204 covers the opening of the resin layer 202. A
portion of the insulating layer 204 that overlaps with the opening of the resin layer 202 is in
contact with the adhesive layer 52.

[0270]
[Display device 11]

The display device 11 includes a portion where the light-emitting element 120 does not
overlap with the reflective liquid crystal element 220 when the display region 11a is seen from
above. Thus, the light 61 that is colored by the coloring layer 152 is emitted from the
light-emitting element 120 to the viewing side as shown in FIG. 16. Furthermore, the reflected
light 62 that is external light reflected by the conductive layer 221 is emitted through the liquid
crystal 222 of the liquid crystal element 220.

[0271]

The light 61 emitted from the light-emitting element 120 is emitted to the viewing side
through the opening of the resin layer 102, the opening of the resin layer 201, and the opening of
the resin layer 202.  Since the resin layer 102, the resin layer 201, and the resin layer 202 are
not provided in the path of the light 61, even in the case where the resin layer 102, the resin layer
201, and the resin layer 202 absorb part of visible light, high light extraction efficiency and high
color reproducibility can be obtained.

[0272]

Note that the substrate 612 serves as a polarizing plate or a circular polarizing plate. A
polarizing plate or a circular polarizing plate may be located outward from the substrate 612.
[0273]

In the above-described structure of the display panel 200, a coloring layer is not
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included and color display is not performed, but a coloring layer may be provided on the resin
layer 202 side to perform color display.
[0274]

The above is the description of the structure example.
[0275]

[Modification example of structure example]

A structure example that is partly different from the structure example shown in FIG. 16
is described below.
[0276]

In FIG. 16, the opening is provided in a portion of the resin layer that is positioned in
the path of light emitted from the light-emitting element 120, but an opening may be provided
also in a portion of the resin layer that is positioned in the path of light of the reflective liquid
crystal element 220.

[0277]

FIG. 17 shows an example where a region 82 is included in addition to the region 81.
The region 82 overlaps with the opening of the resin layer 202 and the liquid crystal element
220.

[0278]

Although the resin layer 202 is provided with one opening portion overlapping with
both the light-emitting element 120 and the liquid crystal element 220 in the example shown in
FIG. 17, an opening portion overlapping with the light-emitting element 120 and an opening
portion overlapping with the liquid crystal element 220 may be separately provided.

[0279]
[Transistor]

The display device 11 exemplified in FIG. 16 shows an example of using bottom-gate
transistors as the transistor 110 and the transistor 210.

[0280]

In the transistor 110, the conductive layer 111 serving as a gate electrode is in a position
closer to the formation surface (the resin layer 101 side) than the semiconductor layer 112.  The
insulating layer 132 covers the conductive layer 111. The semiconductor layer 112 covers the
conductive layer 111. A region of the semiconductor layer 112 that overlaps with the
conductive layer 111 corresponds to a channel formation region. The conductive layer 113a
and the conductive layer 113b are provided in contact with the top surface and side end portions
of the semiconductor layer 112.

[0281]
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Note that in the transistor 110 shown as an example, the width of the semiconductor
layer 112 is wider than that of the conductive layer 111. In such a structure, the semiconductor
layer 112 is positioned between the conductive layer 111 and each of the conductive layer 113a
and the conductive layer 113b. Thus, the parasitic capacitance between the conductive layer
111 and each of the conductive layer 113a and the conductive layer 113b can be reduced.

[0282]

The transistor 110 is a channel-etched transistor and can be suitably used for a
high-resolution display device because the occupation area of the transistor can be reduced
comparatively easily.

[0283]

The transistor 210 and the transistor 110 have common characteristics.
[0284]

A structure example of a transistor that can be used for the transistor 110 and the
transistor 210 is described.
[0285]

A transistor 110a shown in FIG. 18A is different from the transistor 110 in that the
transistor 110a includes a conductive layer 114 and an insulating layer 136. The conductive
layer 114 is provided over the insulating layer 133 and includes a region overlapping with the
semiconductor layer 112. The insulating layer 136 covers the conductive layer 114 and the
insulating layer 133.

[0286]

The conductive layer 114 is positioned to face the conductive layer 111 with the
semiconductor layer 112 therebetween. In the case where the conductive layer 111 is used as a
first gate electrode, the conductive layer 114 can serve as a second gate electrode. By
supplying the same potential to the conductive layer 111 and the conductive layer 114, the
on-state current of the transistor 110a can be increased. By supplying a potential for controlling
the threshold voltage to one of the conductive layer 111 and the conductive layer 114 and a
potential for driving to the other, the threshold voltage of the transistor 110a can be controlled.
[0287]

A conductive material including an oxide is preferably used as the conductive layer 114.
In that case, a conductive film to be the conductive layer 114 is formed in an atmosphere
containing oxygen, whereby oxygen can be supplied to the insulating layer 133. The
proportion of an oxygen gas in a film formation gas in a sputtering method is preferably higher
than or equal to 90 % and lower than or equal to 100 %. Oxygen supplied to the insulating

layer 133 is supplied to the semiconductor layer 112 by heat treatment to be performed later, so
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that oxygen vacancies in the semiconductor layer 112 can be reduced.
[0288]

It is particularly preferable to use, as the conductive layer 114, an oxide semiconductor
whose resistance is reduced. In this case, the insulating layer 136 is preferably formed using an
insulating film that releases hydrogen, e.g., a silicon nitride film. Hydrogen is supplied to the
conductive layer 114 during the formation of the insulating layer 136 or by heat treatment to be
performed after that, whereby the electrical resistance of the conductive layer 114 can be reduced
effectively. Note that the details of the oxide semiconductor example are described in
Embodiment 6.

[0289]

A transistor 110b shown in FIG. 18B is a top-gate transistor.
[0290]

In the transistor 110b, the conductive layer 111 serving as a gate electrode is provided
over the semiconductor layer 112 (provided on the side opposite to the formation surface side).
The semiconductor layer 112 is formed over the insulating layer 131.  The insulating layer 132
and the conductive layer 111 are stacked over the semiconductor layer 112. The insulating
layer 133 covers the top surface and the side end portions of the semiconductor layer 112, side
surfaces of the insulating layer 132, and the conductive layer 111. The conductive layer 113a
and the conductive layer 113b are provided over the insulating layer 133. The conductive layer
113a and the conductive layer 113b are electrically connected to the top surface of the
semiconductor layer 112 through openings provided in the insulating layer 133.

[0291]

Note that although the insulating layer 132 is not present in a portion that does not
overlap with the conductive layer 111 in the example, the insulating layer 132 may be provided
in a portion covering the top surface and the side end portion of the semiconductor layer 112.
[0292]

In the transistor 110b, the physical distance between the conductive layer 111 and the
conductive layer 113a or the conductive layer 113b can be easily increased, so that the parasitic
capacitance therebetween can be reduced.

[0293]

A transistor 110c shown in FIG. 18C is different from the transistor 110b in that the
transistor 110¢ includes a conductive layer 115 and an insulating layer 137. The conductive
layer 115 is provided over the insulating layer 131 and includes a region overlapping with the
semiconductor layer 112. The insulating layer 137 covers the conductive layer 115 and the

insulating layer 131.
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[0294]

The conductive layer 115 serves as a second gate electrode like the conductive layer 114.
Thus, the on-state current can be increased and the threshold voltage can be controlled, for
example.

[0295]

In the display device 11, the transistor included in the display panel 100 and the
transistor included in the display panel 200 may be different from each other. For example, the
transistor 110a or the transistor 110c¢ can be used as the transistor that is electrically connected to
the light-emitting element 120 because a comparatively large amount of current needs to be fed
to the transistor, and the transistor 110 can be used as the other transistor to reduce the
occupation area of the transistor.

[0296]

FIG. 19 shows an example of the case where the transistor 110a is used instead of the
transistor 210 in FIG. 16 and the transistor 110c¢ is used instead of the transistor 110 in FIG. 16.
[0297]

The above is the description of the transistor.

[0298]

In this embodiment, one embodiment of the present invention has been described.
Other embodiments of the present invention are described in in the other embodiments. Note
that one embodiment of the present invention is not limited to the above examples. In other
words, various embodiments of the invention are described in this embodiment and the other
embodiments, and one embodiment of the present invention is not limited to a particular
embodiment. The example in which one embodiment of the present invention is applied to a
display device is described; however, one embodiment of the present invention is not limited
thereto. Depending on circumstances or conditions, one embodiment of the present invention is
not necessarily applied to a display device. One embodiment of the present invention may be
applied to a semiconductor device with another function, for example. Although an example in
which a channel formation region, a source region, a drain region, or the like of a transistor
includes an oxide semiconductor is described as one embodiment of the present invention, one
embodiment of the present invention is not limited thereto. Depending on the circumstances or
conditions, a variety of semiconductors may be used for transistors in one embodiment of the
present invention, the channel formation regions of the transistors, the source and drain regions
of the transistors, and the like. Depending on the circumstances or conditions, transistors in one
embodiment of the present invention, the channel formation regions of the transistors, the source

and drain regions of the transistors, and the like may include, for example, at least one of silicon,
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germanium, silicon germanium, silicon carbide, gallium arsenide, aluminum gallium arsenide,
indium phosphide, gallium nitride, and an organic semiconductor. Depending on the
circumstances or case, transistors in one embodiment of the present invention, the channel
formation regions of the transistors, the source and drain regions of the transistors, and the like
do not necessarily include an oxide semiconductor.

[0299]

At least part of this embodiment can be implemented in combination with any of the
other embodiments described in this specification as appropriate.
[0300]

(Embodiment 4)

In this embodiment, a specific example of a display panel of one embodiment of the
present invention is described. A display panel 400 described below includes both a reflective
liquid crystal element and a light-emitting element that can be used in the display region 1la
described in Embodiment 1 and can perform display in a transmission mode and in a reflection
mode.

[0301]
[Structure example]

FIG. 20A is a block diagram illustrating an example of the structure of the display panel
400. The display panel 400 includes a plurality of pixels 410 that are arranged in a matrix in a
display portion 362a. The display panel 400 also includes a gate driver GD and a source driver
SD. In addition, the display panel 400 includes a plurality of wirings G1, a plurality of wirings
G2, a plurality of wirings ANO, and a plurality of wirings CSCOM, which are electrically
connected to the gate driver GD and the plurality of pixels 410 arranged in a direction R.
Moreover, the display panel 400 includes a plurality of wirings S1 and a plurality of wirings S2,
which are electrically connected to the source driver SD and the plurality of pixels 410 arranged
in a direction C.

[0302]

Although the configuration including one gate driver GD and one source driver SD is
illustrated here for simplicity, the gate driver GD and the source driver SD for driving the liquid
crystal element and those for driving the light-emitting element may be provided separately.
[0303]

The pixel 410 includes a reflective liquid crystal element and a light-emitting element.
In the pixel 410, the liquid crystal element and the light-emitting element partly overlap with
each other.

[0304]
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FIG. 20B1 illustrates a structure example of an electrode 311b included in the pixel 410.
The electrode 311b serves as a reflective electrode of the liquid crystal element in the pixel 410.
The electrode 311b includes an opening 451.

[0305]

In FIG. 20B1, a light-emitting element 360 in a region overlapping with the electrode
311b is shown by a dashed line. The light-emitting element 360 overlaps with the opening 451
included in the electrode 311b. Thus, light from the light-emitting element 360 is emitted to the
display surface side through the opening 451.

[0306]

In FIG. 20B1, the pixels 410 adjacent in the direction R correspond to different emission
colors. As illustrated in FIG. 20B1, the openings 451 are preferably provided in different
positions in the electrodes 311b so as not to be aligned in the two pixels adjacent to each other in
the direction R. This allows the two light-emitting elements 360 to be apart from each other,
thereby preventing light emitted from the light-emitting element 360 from entering a coloring
layer in the adjacent pixel 410 (such a phenomenon is also referred to as "crosstalk").
Furthermore, since the two adjacent light-emitting elements 360 can be arranged apart from each
other, a high-resolution display device can be obtained even when EL layers of the light-emitting
elements 360 are separately formed with a shadow mask or the like.

[0307]

Alternatively, arrangement illustrated in FIG. 20B2 may be employed.
[0308]

If the ratio of the total area of the opening 451 to the total area except for the opening is
too large, display performed using the liquid crystal element is dark. If the ratio of the total
area of the opening 451 to the total area except for the opening is too small, display performed
using the light-emitting element 360 is dark.

[0309]

If the area of the opening 451 in the electrode 311b serving as a reflective electrode is
too small, light emitted from the light-emitting element 360 is not efficiently extracted.
[0310]

The opening 451 may have a polygonal shape, a quadrangular shape, an elliptical shape,
a circular shape, a cross-like shape, a stripe shape, a slit-like shape, or a checkered pattern, for
example. The opening 451 may be close to the adjacent pixel. Preferably, the opening 451 is
provided close to another pixel that emits light of the same color, in which case crosstalk can be
suppressed.

[0311]
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[Circuit configuration example]

FIG. 21 is a circuit diagram illustrating a configuration example in which the pixel 30
described in Embodiment 2 is described as the pixel 410. FIG. 21 shows two adjacent pixels
410.

[0312]

The pixel 410 includes a switch SW1, a capacitor C1, a liquid crystal element 340, a
switch SW2, a transistor M, a capacitor C2, the light-emitting element 360, and the like. The
pixel 410 is electrically connected to a wiring G1, a wiring G2, a wiring ANO, a wiring CSCOM,
a wiring S1, and a wiring S2. FIG. 21 also illustrates a wiring VCOMI electrically connected
to the liquid crystal element 340 and a wiring VCOM2 electrically connected to the
light-emitting element 360. The wirings G1 and G2 are supplied with a scan signal, and the
wirings S1 and S2 are supplied with a grayscale signal.

[0313]

FIG. 21 illustrates an example in which a transistor is used as each of the switches SW1
and SW2.
[0314]

A gate of the switch SW1 is connected to the wiring G1. One of a source and a drain
of the switch SW1 is connected to the wiring S1, and the other of the source and the drain is
connected to one electrode of the capacitor C1 and one electrode of the liquid crystal element
340. The other electrode of the capacitor C1 is connected to the wiring CSCOM. The other
electrode of the liquid crystal element 340 is connected to the wiring VCOMI.

[0315]

A gate of the switch SW2 is connected to the wiring G2.  One of a source and a drain
of the switch SW2 is connected to the wiring S2, and the other of the source and the drain is
connected to one electrode of the capacitor C2 and a gate of the transistor M. The other
electrode of the capacitor C2 is connected to one of a source and a drain of the transistor M and
the wiring ANO. The other of the source and the drain of the transistor M is connected to one
electrode of the light-emitting element 360. The other electrode of the light-emitting element
360 is connected to the wiring VCOM2.

[0316]

FIG. 21 illustrates an example in which the transistor M includes two gates between
which a semiconductor is provided and which are connected to each other. This structure can
increase the amount of current flowing through the transistor M.

[0317]
The wiring G1 can be supplied with a signal for changing the on/off state of the switch
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SWI1. A predetermined potential can be supplied to the wiring VCOM1. The wiring S1 can
be supplied with a signal for changing the orientation of a liquid crystal of the liquid crystal
element 340. A predetermined potential can be supplied to the wiring CSCOM.

[0318]

The wiring G2 can be supplied with a signal for changing the on/off state of the switch
SW2. The wiring VCOM2 and the wiring ANO can be supplied with potentials having a
difference large enough to make the light-emitting element 360 emit light. The wiring S2 can
be supplied with a signal for changing the conduction state of the transistor M.

[0319]

In the pixel 410 of FIG. 21, for example, an image can be displayed in the reflective
mode by driving the pixel with the signals supplied to the wiring G1 and the wiring S1 and
utilizing the optical modulation of the liquid crystal element 340. In the case where an image is
displayed in the transmissive mode, the pixel is driven with the signals supplied to the wiring G2
and the wiring S2 and the light-emitting element 360 emits light. In the case where both modes
are performed at the same time, the pixel can be driven with the signals supplied to the wiring
G1, the wiring G2, the wiring S1, and the wiring S2.

[0320]

Although FIG. 21 illustrates the example in which one pixel 410 includes one liquid
crystal element 340 and one light-emitting element 360, one embodiment of the present
invention is not limited to this example. FIG. 22A illustrates an example in which one pixel
410 includes one liquid crystal element 340 and four light-emitting elements 360 (light-emitting
elements 360r, 360g, 360b, and 360w). The pixel 410 illustrated in FIG. 22A differs from that
in FIG. 21 in being capable of performing full-color display by one pixel.

[0321]

In addition to the example in FIG. 21, the pixel 410 in FIG. 22A is connected to a wiring
G3 and a wiring S3.

[0322]

In the example illustrated in FIG. 22A, for example, light-emitting elements that exhibit
red (R), green (G), blue (B), and white (W) can be used as the four light-emitting elements 360.
A reflective liquid crystal element that exhibits white can be used as the liquid crystal element
340. This enables white display with high reflectance in the reflective mode. This also
enables display with excellent color-rendering properties and low power consumption in the
transmissive mode.

[0323]
FIG. 22B illustrates a configuration example of the pixel 410. The pixel 410 includes
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the light-emitting element 360w that overlaps with the opening in an electrode 311 and the
light-emitting elements 360r, 360g, and 360b located near the electrode 311. It is preferred that
the light-emitting elements 360r, 360g, and 360b have substantially the same light-emitting area.
[0324]

[Structure example of display device]

FIG. 23A is a schematic perspective view illustrating a display device 300 of one
embodiment of the present invention. In the display device 300, a substrate 351 and a substrate
361 are attached to each other. In FIG. 23 A, the substrate 361 is shown by a dashed line.

[0325]

A touch sensor can be provided over the substrate 361. For example, a sheet-like
capacitive touch sensor 368 is provided to overlap with the display portion 362a and a display
portion 362b.  Alternatively, a touch sensor may be provided between the substrate 361 and the
substrate 351. In the case where a touch sensor is provided between the substrate 361 and the
substrate 351, as the touch sensor 368, a touch sensor using any sensing method such as a
projected capacitive method, a surface capacitive method, or a resistive method can be used.
Alternatively, an optical touch sensor including a photoelectric conversion element may be used.
[0326]

In FIG. 23B, a display module 8000 includes the display device 300. An example is
shown in which the display module 8000 includes a touch sensor different from the touch panel
described in Embodiment 1. In the display module 8000, a display panel 8006 connected to an
FPC, a frame 8009, a printed circuit board 8010, and a battery 8011 are provided between an
upper cover 8001 and a lower cover 8002.

[0327]

The display device 300 in FIG. 23 A can be used for the display panel 8006. Thus, the
display module can be manufactured with high yield.
[0328]

The shapes and sizes of the upper cover 8001 and the lower cover 8002 can be changed
as appropriate in accordance with the size of the display panel 8006.

[0329]

A touch panel may be provided so as to overlap with the display panel 8006. The
touch panel can be a resistive touch panel or a capacitive touch panel and may be formed to
overlap with the display panel 8006. Instead of providing the touch panel, the display panel
8006 can have a touch panel function.

[0330]

The frame 8009 protects the display panel 8006 and functions as an electromagnetic



10

15

20

25

30

35

WO 2018/078488 PCT/IB2017/056461
56

shield for blocking electromagnetic waves generated by the operation of the printed circuit board
8010. The frame 8009 can also function as a radiator plate.
[0331]

The printed circuit board 8010 has 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 the battery 8011 provided
separately may be used. The battery 8011 can be omitted in the case of using a commercial
power source.

[0332]

The display module 8000 may be additionally provided with a member such as a
polarizing plate, a retardation plate, or a prism sheet.
[0333]

FIG. 23B is a schematic cross-sectional view of the display module 8000 with an optical
touch sensor.
[0334]

The display module 8000 includes a light-emitting portion 8015 and a light-receiving
portion 8016 that are provided on the printed circuit board 8010. A pair of light guide portions
(a light guide portion 8017a and a light guide portion 8017b) is provided in a region surrounded
by the upper cover 8001 and the lower cover 8002.

[0335]

The display panel 8006 overlaps with the printed circuit board 8010 and the battery
8011 with the frame 8009 located therebetween. The display panel 8006 and the frame 8009
are fixed to the light guide portion 8017a and the light guide portion 8017b.

[0336]

Light 8018 emitted from the light-emitting portion 8015 travels over the display panel
8006 through the light guide portion 8017a and reaches the light-receiving portion 8016 through
the light guide portion 8017b. For example, blocking of the light 8018 by a sensing target such
as a finger or a stylus can be detected as touch operation.

[0337]

A plurality of light-emitting portions 8015 are provided along two adjacent sides of the
display panel 8006, for example. A plurality of light-receiving portions 8016 are provided so as
to face the light-emitting portions 8015. Accordingly, information about the position of touch
operation can be obtained.

[0338]
As the light-emitting portion 8015, a light source such as an LED element can be used.
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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 8015.
[0339]

As the light-receiving portion 8016, a photoelectric element that receives light emitted
by the light-emitting portion 8015 and converts it into an electrical signal can be used. A
photodiode that can receive infrared light can be favorably used.

[0340]

For the light guide portions 8017a and 8017b, members that transmit at least the light
8018 can be used. With the use of the light guide portions 8017a and 8017b, the light-emitting
portion 8015 and the light-receiving portion 8016 can be placed under the display panel 8006,
and a malfunction of the touch sensor due to external light reaching the light-receiving portion
8016 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.

[0341]

The display device 300 is described again. The display device 300 includes the display
portion 362a, the display portion 362b, a circuit portion 364, a wiring 365, a circuit portion 360,
a wiring 367, and the like. The substrate 351 is provided with the circuit portion 364, the
wiring 365, the circuit portion 366, the wiring 367, the electrode 311b functioning as a pixel
electrode, and the like. In FIG. 23A, an IC 373, an FPC 372, an IC 375, and an FPC 374 are
mounted on the substrate 351. Thus, the structure illustrated in FIG. 23 A can be referred to as a
display module including the display device 300, the IC 373, the FPC 372, the IC 375, and the
FPC 374.

[0342]

The display device 300 corresponds to the display device 11 described in Embodiment 1,
and the display portions 362a and 362b correspond to the display regions 1la and 11b,
respectively.

[0343]

For the circuit portion 364 and the circuit portion 366, a circuit functioning as a scan
line driver circuit can be used, for example.
[0344]

The wirings 365 and 367 each have a function of supplying signals and electric power to
the display portions and the circuit portion 364. The signals and electric power are input to the
wiring 365 from the outside through the FPC 372 or from the I1C 373.

[0345]
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FIG. 23 A shows an example in which the ICs 373 and 375 are provided on the substrate
351 by a chip on glass (COG) method or the like.  As the ICs 373 and 375, an IC functioning as
a scan line driver circuit or the like can be used. Note that it is possible that the ICs 373 and
375 are not provided, for example, when the display device 300 includes circuits functioning as a
scan line driver circuit and a signal line driver circuit and when the circuits functioning as a scan
line driver circuit and a signal line driver circuit are provided outside and signals for driving the
display device 300 are input through the FPCs 372 and 374.  Alternatively, the ICs 373 and 375
may be mounted on the substrate 351 by a chip on film (COF) method or the like.

[0346]

FIG. 23A is an enlarged view of part of the display portion 362a. The display portion
362a corresponds to the display regions 11a and 11b described in Embodiment 1. Electrodes
311b included in a plurality of display elements are arranged in a matrix in the display portion
362a. The electrode 311b has a function of reflecting visible light and serves as a reflective
electrode of the liquid crystal element 340 described later.

[0347]

As illustrated in FIG. 23A, the electrode 311b has an opening. The light-emitting
element 360 is positioned closer to the substrate 351 than the electrode 311b is. Light is
emitted from the light-emitting element 360 to the substrate 361 side through the opening in the
electrode 311b.

[0348]

Note that the display region 11b described in Embodiment 1 corresponds to the display
portion 362b. The display portion 362b may have a display element having a size different
from that of the display portion 362a.

[0349]
[Cross-sectional structure examples]

FIG. 24 illustrates an example of cross sections of part of a region including the FPC
372, part of a region including the circuit portion 364, part of a region including the display
portion 362a, part of a region including the circuit portion 366, and part of a region including the
FPC 374 of the display device 300 illustrated in FIG. 23A.

[0350]

The display device illustrated in FIG. 24 includes a structure in which the display panels
100 and 200 are stacked. The display panel 100 includes the resin layers 101 and 102. The
display panel 200 includes the resin layers 201 and 202.

[0351]
The resin layers 102 and 201 are bonded to each other with the adhesive layer 50. The
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resin layer 101 is bonded to the substrate 351 with the adhesive layer 51.  The resin layer 202 is
bonded to the substrate 361 with the adhesive layer 52.

[0352]

[Display panel 100]

The display panel 100 includes the resin layer 101, an insulating layer 478, a plurality of
transistors, a capacitor 405, the wiring 365, an insulating layer 411, an insulating layer 412, an
insulating layer 413, an insulating layer 414, an insulating layer 415, the light-emitting element
360, a spacer 416, an adhesive layer 417, a coloring layer 425, a light-blocking layer 426, an
insulating layer 476, and the resin layer 102.

[0353]

The resin layer 102 has an opening in a region overlapping with the light-emitting
element 360.

[0354]

The circuit portion 364 includes a transistor 401. The display portion 362a includes a
transistor 402 and a transistor 403.

[0355]

Each of the transistors includes a gate, the insulating layer 411, a semiconductor layer, a
source, and a drain. The gate and the semiconductor layer overlap with each other with the
insulating layer 411 provided therebetween. Part of the insulating layer 411 functions as a gate
insulating layer, and another part of the insulating layer 411 functions as a dielectric of the
capacitor 405. A conductive layer that functions as the source or the drain of the transistor 402
also functions as one electrode of the capacitor 405.

[0356]

The transistors illustrated in FIG. 24 have bottom-gate structures. The transistor
structures may be different between the circuit portion 364 and the display portion 362a. The
circuit portion 364 and the display portion 362a may each include a plurality of kinds of
transistors.

[0357]

The capacitor 405 includes a pair of electrodes and the dielectric therebetween. The
capacitor 405 includes a conductive layer that is formed using the same material and the same
process as the gates of the transistors, and a conductive layer that is formed using the same
material and the same process as the sources and the drains of the transistors.

[0358]
The insulating layer 412, the insulating layer 413, and the insulating layer 414 are each

provided to cover the transistors and the like. There is no particular limitation on the number of
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the insulating layers covering the transistors and the like. The insulating layer 414 functions as
a planarization layer. It is preferred that at least one of the insulating layer 412, the insulating
layer 413, and the insulating layer 414 be formed using a material inhibiting diffusion of
impurities such as water and hydrogen. Diffusion of impurities from the outside into the
transistors can be effectively inhibited, leading to improved reliability of the display panel.
[0359]

In the case of using an organic material for the insulating layer 414, impurities such as
moisture might enter the light-emitting element 360 or the like from the outside of the display
panel through the insulating layer 414 exposed at an end portion of the display panel.
Deterioration of the light-emitting element 360 due to the entry of impurities can lead to
deterioration of the display panel. For this reason, the insulating layer 414 is preferably not
positioned at the end portion of the display panel, as illustrated in FIG. 24.  Since an insulating
layer formed using an organic material is not positioned at the end portion of the display panel in
the structure of FIG. 24, entry of impurities into the light-emitting element 360 can be inhibited.
[0360]

The light-emitting element 360 includes an electrode 421, an EL layer 422, and an
electrode 423. The light-emitting element 360 may include an optical adjustment layer 424.
The light-emitting element 360 has a top-emission structure with which light is emitted to the
coloring layer 425 side.

[0361]

The transistors, the capacitor, the wiring, and the like are positioned so as to overlap
with a light-emitting region of the light-emitting element 360; accordingly, the aperture ratio of
the display portion 362a can be increased.

[0362]

One of the electrode 421 and the electrode 423 functions as an anode and the other
functions as a cathode. When a voltage higher than the threshold voltage of the light-emitting
element 360 is applied between the electrode 421 and the electrode 423, holes are injected to the
EL layer 422 from the anode side and electrons are injected to the EL layer 422 from the cathode
side. The injected electrons and holes are recombined in the EL layer 422 and a light-emitting
substance contained in the EL layer 422 emits light.

[0363]

The electrode 421 is electrically connected to the source or the drain of the transistor
403 directly or through a conductive layer. The electrode 421 functioning as a pixel electrode is
provided for each light-emitting element 360. Two adjacent electrodes 421 are electrically

insulated from each other by the insulating layer 415.
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[0364]

The EL layer 422 contains a light-emitting substance.
[0365]

The electrode 423 functioning as a common electrode is shared by a plurality of
light-emitting elements 360. A fixed potential is supplied to the electrode 423.

[0366]

The light-emitting element 360 overlaps with the coloring layer 425 with the adhesive
layer 417 provided therebetween. The spacer 416 overlaps with the light-blocking layer 426
with the adhesive layer 417 provided therebetween. Although FIG. 24 illustrates the case
where a space is provided between the electrode 423 and the light-blocking layer 426, the
electrode 423 and the light-blocking layer 426 may be in contact with each other. Although the
spacer 416 is provided on the substrate 351 side in the structure illustrated in FIG. 24, the spacer
416 may be provided on the substrate 361 side (e.g., in a position closer to the substrate 351 than
the light-blocking layer 426).

[0367]

Owing to the combination of a color filter (the coloring layer 425) and a microcavity
structure (the optical adjustment layer 424), light with high color purity can be extracted from
the display panel. The thickness of the optical adjustment layer 424 is varied depending on the
color of the pixel.

[0368]

The coloring layer 425 is a coloring layer that transmits light in a specific wavelength
range. For example, a color filter for transmitting light in a red, green, blue, or yellow
wavelength range can be used.

[0369]

Note that one embodiment of the present invention is not limited to a color filter method,
and a separate coloring method, a color conversion method, a quantum dot method, and the like
may be employed.

[0370]

The light-blocking layer 426 is provided between the adjacent coloring layers 425.
The light-blocking layer 426 blocks light emitted from the adjacent light-emitting element 360 to
inhibit color mixture between the adjacent light-emitting elements 360. Here, the coloring layer
425 is provided such that its end portion overlaps with the light-blocking layer 426, whereby
light leakage can be reduced. For the light-blocking layer 426, a material that blocks light
emitted from the light-emitting element 360 can be used. Note that it is preferable to provide

the light-blocking layer 426 in a region other than the display portion 362a, such as the circuit
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portion 364, in which case undesired leakage of guided light or the like can be inhibited.
[0371]

The insulating layer 478 is formed on a surface of the resin layer 101. The insulating
layer 476 is formed on a surface of the resin layer 102. The insulating layer 476 and the
insulating layer 478 are preferably highly resistant to moisture. The light-emitting element 360,
the transistors, and the like are preferably provided between a pair of insulating layers that are
highly resistant to moisture, in which case impurities such as water can be prevented from
entering these elements, leading to an increase in the reliability of the display panel.

[0372]

Examples of the insulating film highly resistant to moisture include a film containing
nitrogen and silicon (e.g., a silicon nitride film and a silicon nitride oxide film) and a film
containing nitrogen and aluminum (e.g., an aluminum nitride film). Alternatively, a silicon
oxide film, a silicon oxynitride film, an aluminum oxide film, or the like may be used.

[0373]

For example, the moisture vapor transmission rate of the insulating film highly resistant
to moisture is lower than or equal to 1 x 10~ [g/(m*day)], preferably lower than or equal to 1 x
107 [g/(m*-day)], further preferably lower than or equal to 1 x 107 [g/(m®-day)], still further
preferably lower than or equal to 1 x 107 [g/(m? day)].

[0374]

A connection portion 406 includes the wiring 365. The wiring 365 can be formed
using the same material and the same process as those of the sources and the drains of the
transistors. The connection portion 406 is electrically connected to an external input terminal
through which a signal and a potential from the outside are transmitted to the circuit portion 364.
Here, an example in which the FPC 372 is provided as the external input terminal is described.
The FPC 372 is electrically connected to the connection portion 406 through a connection layer
419.

[0375]
The connection layer 419 can be formed using any of various kinds of anisotropic
conductive films (ACF), anisotropic conductive pastes (ACP), and the like.
[0376]
The above is the description of the display panel 100.
[0377]
[Display panel 200]
The display panel 200 is a reflective liquid crystal display panel employing a vertical

electric field mode.
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[0378]

The display panel 200 includes the resin layer 201, an insulating layer 578, a plurality of
transistors, a capacitor 505, the wiring 367, an insulating layer 511, an insulating layer 512, an
insulating layer 513, an insulating layer 514, a liquid crystal element 529, an alignment film
564a, an alignment film 564b, an adhesive layer 517, an insulating layer 576, and the resin layer
202.

[0379]

The resin layers 201 and 202 are bonded to each other with the adhesive layer 517.
Liquid crystal 563 is sealed in a region surrounded by the resin layer 201, the resin layer 202,
and the adhesive layer 517. A polarizing plate 599 is positioned on an outer surface of the
substrate 361.

[0380]

Furthermore, an opening overlapping with the light-emitting element 360 is formed in
the resin layer 201. An opening overlapping with the liquid crystal element 529 and the
light-emitting element 360 is formed in the resin layer 202.

[0381]

The liquid crystal element 529 includes the electrode 311b, an electrode 562, and the
liquid crystal 563. The electrode 311b functions as a pixel electrode. The electrode 562
functions as a common electrode. Alignment of the liquid crystal 563 can be controlled with an
electric field generated between the electrode 311b and the electrode 562. The alignment film
564a is provided between the liquid crystal 563 and the electrode 311b. The alignment film
564b is provided between the liquid crystal 563 and the electrode 562.

[0382]

The resin layer 202 is provided with the insulating layer 576, the electrode 562, the
alignment film 564b, and the like.
[0383]

The resin layer 201 is provided with the electrode 311b, the alignment film 564a, a
transistor 501, a transistor 503, the capacitor 505, a connection portion 506, the wiring 367, and
the like.

[0384]

Insulating layers such as the insulating layer 511, the insulating layer 512, the insulating

layer 513, and the insulating layer 514 are provided over the resin layer 201.
[0385]
Note that a portion of the conductive layer functioning as the source or the drain of the

transistor 503 that is not electrically connected to the electrode 311b may function as part of a
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signal line. The conductive layer functioning as the gate of the transistor 503 may function as
part of a scan line.
[0386]

FIG. 24 illustrates a structure without a coloring layer as an example of the display
portion 362a. Thus, the liquid crystal element 529 is an element that performs monochrome
display.

[0387]

FIG. 24 illustrates an example of the circuit portion 366 in which the transistor 501 is
provided.
[0388]

A material inhibiting diffusion of impurities such as water and hydrogen is preferably
used for at least one of the insulating layers 512 and 513 that cover the transistors.
[0389]

The electrode 311b is provided over the insulating layer 514. The electrode 311b is
electrically connected to one of a source and a drain of the transistor 503 through an opening
formed in the insulating layer 514, the insulating layer 513, the insulating layer 512, and the like.
The electrode 311b is electrically connected to one electrode of the capacitor 505.

[0390]

Since the display panel 200 is a reflective liquid crystal display panel, a conductive
material that reflects visible light is used for the electrode 311b and a conductive material that
transmits visible light is used for the electrode 562.

[0391]

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

[0392]

Examples of the conductive material that reflects visible light include aluminum, silver,
and an alloy including any of these metal materials. A metal material such as gold, platinum,
tungsten, chromium, molybdenum, iron, cobalt, copper, or palladium, or an alloy including any

of these metal materials can also be used. Lanthanum, neodymium, germanium, or the like may
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be added to the metal material or the alloy. Furthermore, an alloy containing aluminum (an
aluminum alloy) such as an alloy of aluminum and titanium, an alloy of aluminum and nickel, an
alloy of aluminum and neodymium, or an alloy of aluminum, nickel, and lanthanum (Al-Ni-La),
or an alloy containing silver such as an alloy of silver and copper, an alloy of silver, palladium,
and copper (also referred to as Ag-Pd-Cu or APC), or an alloy of silver and magnesium may be
used.

[0393]

As the polarizing plate 599, a linear polarizing plate or a circularly polarizing plate can
be used. An example of a circularly polarizing plate is a stack including a linear polarizing
plate and a quarter-wave retardation plate. Such a structure can reduce reflection of external
light. The cell gap, alignment, drive voltage, and the like of the liquid crystal element used as
the liquid crystal element 529 are controlled in accordance with the kind of the polarizing plate
599 so that desirable contrast is obtained.

[0394]

The electrode 562 is electrically connected to a conductive layer on the resin layer 201
side through a connector 543 in a portion close to an end portion of the resin layer 202. Thus, a
potential or a signal can be supplied from the FPC 374, an IC, or the like placed on the resin
layer 201 side to the electrode 562.

[0395]

As the connector 543, a conductive particle can be used, for example. As the
conductive particle, a particle of an organic resin, silica, or the like coated with a metal material
can be used. It is preferable to use nickel or gold as the metal material because contact
resistance can be decreased. It is also preferable to use a particle coated with layers of two or
more kinds of metal materials, such as a particle coated with nickel and further with gold. As
the connector 543, a material capable of elastic deformation or plastic deformation is preferably
used. As illustrated in FIG. 24, the connector 543, which is the conductive particle, has a shape
that is vertically crushed in some cases. With the crushed shape, the contact area between the
connector 543 and a conductive layer electrically connected to the connector 543 can be
increased, thereby reducing contact resistance and suppressing the generation of problems such
as disconnection.

[0396]

The connector 543 is preferably provided so as to be covered with the adhesive layer
517. For example, the connectors 543 are dispersed in the adhesive layer 517 before curing of
the adhesive layer 517.

[0397]
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The connection portion 506 is provided in a region near an end portion of the resin layer
201. The connection portion 506 is electrically connected to the FPC 374 through a connection
layer 519. In the example of the structure illustrated in FIG. 24, the connection portion 506 is
formed by stacking part of the wiring 367 and a conductive layer that is obtained by processing
the same conductive film as the electrode 311b.

[0398]
The above is the description of the display panel 200.
[0399]
[Components]
The above components are described below.
[0400]
[Substrate]

A material having a flat surface can be used as the substrate included in the display
panel. The substrate on the side from which light from the display element is extracted is
formed using a material transmitting the light. For example, a material such as glass, quartz,
ceramics, sapphire, or an organic resin can be used.

[0401]

The weight and thickness of the display panel can be reduced by using a thin substrate.
A flexible display panel can be obtained by using a substrate that is thin enough to have
flexibility.

[0402]

Since the substrate through which light is not extracted does not need to have a
light-transmitting property, a metal substrate or the like can be used, other than the
above-mentioned substrates. A metal substrate, which has high thermal conductivity, is
preferable because it can easily conduct heat to the whole substrate and accordingly can prevent
a local temperature rise in the display panel. To obtain flexibility and bendability, the thickness
of a metal substrate is preferably greater than or equal to 10 um and less than or equal to 400 pum,
further preferably greater than or equal to 20 um and less than or equal to 50 um.

[0403]

Although there is no particular limitation on a material of a metal substrate, it is
favorable to use, for example, a metal such as aluminum, copper, and nickel, an aluminum alloy,
or an alloy such as stainless steel.

[0404]
It is possible to use a substrate subjected to insulation treatment, e.g., a metal substrate

whose surface is oxidized or provided with an insulating film. The insulating film may be
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formed by, for example, a coating method such as a spin-coating method or a dipping method, an
electrodeposition method, an evaporation method, or a sputtering method. An oxide film may
be formed on the substrate surface by exposure to or heating in an oxygen atmosphere or by an
anodic oxidation method or the like.

[0405]

Examples of the material that has flexibility and transmits visible light include glass that
is thin enough to have flexibility, polyester resins such as polyethylene terephthalate (PET) and
polyethylene naphthalate (PEN), a polyacrylonitrile resin, a polyimide resin, a polymethyl
methacrylate resin, a polycarbonate (PC) resin, a polyethersulfone (PES) resin, a polyamide resin,
a cycloolefin resin, a polystyrene resin, a polyamide imide resin, a polyvinyl chloride resin, and a
polytetrafluoroethylene (PTFE) resin. It is particularly preferable to use a material with a low
thermal expansion coefficient, for example, a material with a thermal expansion coefficient
lower than or equal to 30 x 107° /K, such as a polyamide imide resin, a polyimide resin, or PET.
A substrate in which a glass fiber is impregnated with an organic resin or a substrate whose
thermal expansion coefficient is reduced by mixing an inorganic filler with an organic resin can
also be used. A substrate using such a material is lightweight, and thus a display panel using
this substrate can also be lightweight.

[0406]

In the case where a fibrous body is included in the above material, a high-strength fiber
of an organic compound or an inorganic compound is used as the fibrous body. The
high-strength fiber is specifically a fiber with a high tensile elastic modulus or a fiber with a high
Young's modulus. Typical examples thereof include a polyvinyl alcohol-based fiber, a
polyester-based fiber, a polyamide-based fiber, a polyethylene-based fiber, an aramid-based fiber,
a polyparaphenylene benzobisoxazole fiber, a glass fiber, and a carbon fiber. As the glass fiber,
a glass fiber using E glass, S glass, D glass, Q glass, or the like can be used. These fibers may
be used in a state of a woven or nonwoven fabric, and a structure body in which this fibrous
body is impregnated with a resin and the resin is cured may be used as the flexible substrate.
The structure body including the fibrous body and the resin is preferably used as the flexible
substrate, in which case the reliability against breaking due to bending or local pressure can be
increased.

[0407]

Alternatively, glass, metal, or the like that is thin enough to have flexibility can be used
as the substrate. Alternatively, a composite material where glass and a resin material are
attached to each other with an adhesive layer may be used.

[0408]
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A hard coat layer (e.g., a silicon nitride layer and an aluminum oxide layer) by which a
surface of a display panel is protected from damage, a layer (e.g., an aramid resin layer) that can
disperse pressure, or the like may be stacked over the flexible substrate. Furthermore, to
suppress a decrease in lifetime of the display element due to moisture and the like, an insulating
film with low water permeability may be stacked over the flexible substrate. For example, an
inorganic insulating material such as silicon nitride, silicon oxynitride, silicon nitride oxide,
aluminum oxide, or aluminum nitride can be used.

[0409]

The substrate may be formed by stacking a plurality of layers. When a glass layer is
used, a barrier property against water and oxygen can be improved and thus a highly reliable
display panel can be provided.

[0410]
[Transistor]

The transistor includes a conductive layer serving as a gate electrode, a semiconductor
layer, a conductive layer serving as a source electrode, a conductive layer serving as a drain
electrode, and an insulating layer serving as a gate insulating layer. In the above, a bottom-gate
transistor is used.

[0411]

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

[0412]

There is no particular limitation on the crystallinity of a semiconductor material used for
the transistors, and an amorphous semiconductor or a semiconductor having crystallinity (a
microcrystalline semiconductor, a polycrystalline semiconductor, a single crystal semiconductor,
or a semiconductor partly including crystal regions) may be used. It is preferred that a
semiconductor having crystallinity be used, in which case deterioration of the transistor
characteristics can be suppressed.

[0413]

As a semiconductor material used for the transistors, an oxide semiconductor whose
energy gap is greater than or equal to 2 eV, preferably greater than or equal to 2.5 eV, further
preferably greater than or equal to 3 eV can be used. A typical example thereof is an oxide

semiconductor containing indium, and for example, a CAC-OS described later or the like can be
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used.
[0414]

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

[0415]

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

[0416]

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

[0417]

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

[0418]
[Conductive layer]

As materials for the gates, the source, and the drain of a transistor, and the conductive
layers serving as the wirings and electrodes included in the display device, any of metals such as
aluminum, titanium, chromium, nickel, copper, yttrium, zirconium, molybdenum, silver,
tantalum, and tungsten, or an alloy containing any of these metals as its main component can be
used. A single-layer structure or a layered structure including a film containing any of these
materials can be used. For example, the following structures can be given: a single-layer
structure of an aluminum film containing silicon, a two-layer structure in which an aluminum

film 1s stacked over a titanium film, a two-layer structure in which an aluminum film is stacked
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over a tungsten film, a two-layer structure in which a copper film is stacked over a
copper-magnesium-aluminum alloy film, a two-layer structure in which a copper film is stacked
over a titanium film, a two-layer structure in which a copper film is stacked over a tungsten film,
a three-layer structure in which a titanium film or a titanium nitride film, an aluminum film or a
copper film, and a titanium film or a titanium nitride film are stacked in this order, and a
three-layer structure in which a molybdenum film or a molybdenum nitride film, an aluminum
film or a copper film, and a molybdenum film or a molybdenum nitride film are stacked in this
order. Note that an oxide such as indium oxide, tin oxide, or zinc oxide may be used. Copper
containing manganese is preferably used because controllability of a shape by etching is
increased.

[0419]

As a light-transmitting conductive material, a conductive oxide such as indium oxide,
indium tin oxide, indium zinc oxide, zinc oxide, or zinc oxide to which gallium is added, or
graphene can be used. Alternatively, a metal material such as gold, silver, platinum,
magnesium, nickel, tungsten, chromium, molybdenum, iron, cobalt, copper, palladium, or
titanium or an alloy material containing any of these metal materials can be used.  Alternatively,
a nitride of the metal material (e.g., titanium nitride) or the like may be used. In the case of
using the metal material or the alloy material (or the nitride thereof), the thickness is set small
enough to allow light transmission. Alternatively, a layered film of any of the above materials
can be used as the conductive layer. For example, a layered film of indium tin oxide and an
alloy of silver and magnesium is preferably used because the conductivity can be increased.
They can also be used for conductive layers such as a variety of wirings and electrodes included
in a display device, and conductive layers (e.g., conductive layers serving as a pixel electrode or
a common electrode) included in a display element.

[0420]
[Insulating layer]

As an insulating material that can be used for the insulating layers, polyimide, acrylic,
epoxy, a silicone resin, or an inorganic insulating material such as silicon oxide, silicon
oxynitride, silicon nitride oxide, silicon nitride, or aluminum oxide can be used.

[0421]

The light-emitting element is preferably provided between a pair of insulating films
with low water permeability, in which case entry of impurities such as water into the
light-emitting element can be inhibited. Thus, a decrease in device reliability can be
suppressed.

[0422]
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As an insulating film with low water permeability, a film containing nitrogen and silicon,
such as a silicon nitride film or a silicon nitride oxide film, a film containing nitrogen and
aluminum, such as an aluminum nitride film, or the like can be used. Alternatively, a silicon
oxide film, a silicon oxynitride film, an aluminum oxide film, or the like may be used.

[0423]

For example, the amount of water vapor transmission of the insulating film with low
water permeability is lower than or equal to 1 x 107 [g/(m*day)], preferably lower than or equal
to 1 x 107° [g/(m*-day)], further preferably lower than or equal to 1 x 107 [g/(m*day)], still
further preferably lower than or equal to 1 x 107 [g/(m?-day)].

[0424]
[Display element]

As a display element included in the first pixel located on the display surface side, an
element that performs display by reflecting external light can be used. Such an element does
not include a light source and thus power consumption in display can be significantly reduced.
As the display element included in the first pixel, a reflective liquid crystal element can typically
be used. Alternatively, as the display element included in the first pixel, an element using a
microcapsule method, an electrophoretic method, an electrowetting method, an Electronic Liquid
Powder (registered trademark) method, or the like can be used, other than a Micro Electro
Mechanical Systems (MEMS) shutter element or an optical interference type MEMS element.
[0425]

As a display element included in the second pixel located on the side opposite to the
display surface side, an element that includes a light source and performs display using light
from the light source can be used. Since the luminance and the chromaticity of light emitted
from such a pixel are not affected by external light, an image with high color reproducibility (a
wide color gamut) and a high contrast, i.e., a clear image can be displayed. As the display
element included in the second pixel, a self-luminous light-emitting element such as an organic
light-emitting diode (OLED), a light-emitting diode (LED), and a quantum-dot light-emitting
diode (QLED) can be used. Alternatively, a combination of a backlight as a light source and a
transmissive liquid crystal element that controls the amount of transmitted light emitted from a
backlight may be used as the display element included in the second pixel.

[0426]
[Liquid crystal element]

The liquid crystal element can employ, for example, a vertical alignment (VA) mode.
Examples of the vertical alignment mode include a multi-domain vertical alignment (MVA)

mode, a patterned vertical alignment (PVA) mode, and an advanced super view (ASV) mode.
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[0427]

The liquid crystal element can employ a variety of modes; for example, other than the
VA mode, a twisted nematic (TN) mode, an in-plane switching (IPS) mode, an in-plane
switching-vertical alignment (IPS-VA) 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, or an antiferroelectric liquid crystal (AFLC)
mode can be used.

[0428]

The liquid crystal element controls transmission or non-transmission of light utilizing an
optical modulation action of liquid crystal. Note that the optical modulation action of liquid
crystal is controlled by an electric field applied to the liquid crystal (including a horizontal
electric field, a vertical electric field, and an oblique electric field). As the liquid crystal used
for the liquid crystal element, thermotropic liquid crystal, low-molecular liquid crystal,
high-molecular liquid crystal, polymer dispersed liquid crystal (PDLC), ferroelectric liquid
crystal, anti-ferroelectric liquid crystal, or the like can be used. These liquid crystal materials
exhibit a cholesteric phase, a smectic phase, a cubic phase, a chiral nematic phase, an isotropic
phase, or the like depending on conditions.

[0429]

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

[0430]

An alignment film can be provided to adjust the alignment of liquid crystal. In the
case where a horizontal electric field mode is employed, liquid crystal exhibiting a blue phase for
which an alignment film is unnecessary may be used. A blue phase is one of liquid crystal
phases, which is generated just before a cholesteric phase changes into an isotropic phase while
temperature of cholesteric liquid crystal is increased. Since the blue phase appears only in a
narrow temperature range, a liquid crystal composition in which a chiral material is mixed to
account for several weight percent or more is used for the liquid crystal layer in order to improve
the temperature range. The liquid crystal composition that includes liquid crystal exhibiting a
blue phase and a chiral material has a short response time and has optical isotropy. In addition,
the liquid crystal composition that includes liquid crystal exhibiting a blue phase and a chiral
material does not need alignment treatment and has small viewing angle dependence. An
alignment film is not necessarily provided and rubbing treatment is thus not necessary;

accordingly, electrostatic discharge damage caused by the rubbing treatment can be prevented
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and defects and damage of the liquid crystal display panel in the manufacturing process can be
reduced.
[0431]

The dielectric anisotropy and resistivity of the liquid crystal layer are preferably greater
than or equal to 2 and less than or equal to 3.8 and higher than or equal to 1.0 x 10"* Qcm and
lower than or equal to 1.0 x 10" Qcm, respectively. In that case, the IDS driving can be
performed and power consumption of the display device can be reduced.

[0432]

In one embodiment of the present invention, in particular, a reflective liquid crystal
element can be used.
[0433]

In the case where a reflective liquid crystal element is used, a polarizing plate is
provided on the display surface side. In addition, a light diffusion plate is preferably provided
on the display surface side to improve visibility.

[0434]

In the case where the reflective or the semi-transmissive liquid crystal element is used, a
front light may be provided outside the polarizing plate. As the front light, an edge-light front
light is preferably used. A front light including a light-emitting diode (LED) is preferably used
to reduce power consumption.

[0435]
[Light-emitting element]

As the light-emitting element, a self-luminous element can be used, and an element
whose luminance is controlled by current or voltage is included in the category of the
light-emitting element. For example, an LED, a QLED, an organic EL element, an inorganic
EL element, or the like can be used.

[0436]

In one embodiment of the present invention, in particular, the light-emitting element
preferably has a top emission structure. A conductive film that transmits visible light is used as
the electrode through which light is extracted. A conductive film that reflects visible light is
preferably used as the electrode through which light is not extracted.

[0437]

The EL layer includes at least a light-emitting layer. In addition to the light-emitting
layer, the EL layer may further include one or more layers containing any of a substance with a
high hole-injection property, a substance with a high hole-transport property, a hole-blocking

material, a substance with a high electron-transport property, a substance with a high
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electron-injection property, a substance with a bipolar property (a substance with a high electron-
and hole-transport property), and the like.
[0438]

For the EL layer, either a low-molecular compound or a high-molecular compound can
be used, and an inorganic compound may also be used. Each of the layers included in the EL
layer can be formed by any of the following methods: an evaporation method (including a
vacuum evaporation method), a transfer method, a printing method, an inkjet method, a coating
method, and the like.

[0439]

When a voltage higher than the threshold voltage of the light-emitting element is
applied between a cathode and an anode, holes are injected to the EL layer from the anode side
and electrons are injected to the EL layer from the cathode side. The injected electrons and
holes are recombined in the EL layer and a light-emitting substance contained in the EL layer
emits light.

[0440]

In the case where a light-emitting element emitting white light is used as the
light-emitting element, the EL layer preferably contains two or more kinds of light-emitting
substances. For example, the two or more kinds of light-emitting substances are selected so as
to emit light of complementary colors to obtain white light emission. Specifically, it is
preferable to contain two or more selected from light-emitting substances that emit light of red
(R), green (G), blue (B), yellow (Y), orange (O), and the like and light-emitting substances that
emit light containing two or more of spectral components of R, G, and B. The light-emitting
element preferably emits light with a spectrum having two or more peaks in the wavelength
range of a visible light region (e.g., 350 nm to 750 nm). An emission spectrum of a material
that emits light having a peak in a yellow wavelength range preferably includes spectral
components also in green and red wavelength ranges.

[0441]

A light-emitting layer containing a light-emitting material that emits light of one color
and a light-emitting layer containing a light-emitting material that emits light of another color are
preferably stacked in the EL layer. For example, the plurality of light-emitting layers in the EL
layer may be stacked in contact with each other or may be stacked with a region not including
any light-emitting material therebetween. For example, between a fluorescent layer and a
phosphorescent layer, a region containing the same material as one in the fluorescent layer or the
phosphorescent layer (for example, a host material or an assist material) and no light-emitting

material may be provided. This facilitates the manufacture of the light-emitting element and



10

15

20

25

30

35

WO 2018/078488 PCT/IB2017/056461
75

reduces the drive voltage.
[0442]

The light-emitting element may be a single element including one EL layer or a tandem
element in which a plurality of EL layers are stacked with a charge generation layer
therebetween.

[0443]

Note that the aforementioned light-emitting layer and layers containing a substance with
a high hole-injection property, a substance with a high hole-transport property, a substance with a
high electron-transport property, a substance with a high electron-injection property, a substance
with a bipolar property, and the like may include an inorganic compound such as a quantum dot
or a high molecular compound (e.g., an oligomer, a dendrimer, and a polymer). For example,
when used for the light-emitting layer, the quantum dot can function as a light-emitting material.
[0444]

The quantum dot material may be a colloidal quantum dot material, an alloyed quantum
dot material, a core-shell quantum dot material, a core quantum dot material, or the like. A
material containing elements belonging to Groups 12 and 16, elements belonging to Groups 13
and 15, or elements belonging to Groups 14 and 16 may be used. Alternatively, a quantum dot
material containing an element such as cadmium, selenium, zinc, sulfur, phosphorus, indium,
tellurium, lead, gallium, arsenic, or aluminum may be used.

[0445]

The conductive film that transmits visible light can be formed using, for example,
indium oxide, indium tin oxide, indium zinc oxide, zinc oxide, or zinc oxide to which gallium is
added. Alternatively, a film of a metal material such as gold, silver, platinum, magnesium,
nickel, tungsten, chromium, molybdenum, iron, cobalt, copper, palladium, or titanium; an alloy
containing any of these metal materials; or a nitride of any of these metal materials (e.g.,
titanium nitride) can be formed thin so as to have a light-transmitting property. Alternatively, a
stack of any of the above materials can be used for the conductive layers. For example, a stack
of indium tin oxide and an alloy of silver and magnesium is preferably used, in which case
conductivity can be increased.  Still alternatively, graphene or the like may be used.

[0446]

For the conductive film that reflects visible light, for example, a metal material such as
aluminum, gold, platinum, silver, nickel, tungsten, chromium, molybdenum, iron, cobalt, copper,
or palladium or an alloy containing any of these metal materials can be used. Furthermore,
lanthanum, neodymium, germanium, or the like may be added to the metal material or the alloy.

Alternatively, an alloy containing aluminum (an aluminum alloy) such as an alloy of aluminum
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and titanium, an alloy of aluminum and nickel, or an alloy of aluminum and neodymium may be
used. Alternatively, an alloy containing silver such as an alloy of silver and copper, an alloy of
silver and palladium, or an alloy of silver and magnesium may be used. An alloy containing
silver and copper is preferable because of its high heat resistance. Furthermore, when a metal
film or a metal oxide film is stacked in contact with an aluminum film or an aluminum alloy film,
oxidation can be suppressed. Examples of a material for the metal film or the metal oxide film
include titanium and titanium oxide. Alternatively, the above conductive film that transmits
visible light and a film containing a metal material may be stacked. For example, a stack of
silver and indium tin oxide, a stack of an alloy of silver and magnesium and indium tin oxide, or
the like can be used.

[0447]

Each of the electrodes may be formed by an evaporation method or a sputtering method.
Alternatively, a discharging method such as an inkjet method, a printing method such as a screen
printing method, or a plating method can be used.

[0448]

Note that the aforementioned light-emitting layer and layers containing a substance with
a high hole-injection property, a substance with a high hole-transport property, a substance with a
high electron-transport property, a substance with a high electron-injection property, and a
substance with a bipolar property may include an inorganic compound such as a quantum dot or
a high molecular compound (e.g., an oligomer, a dendrimer, and a polymer). For example, used
for the light-emitting layer, the quantum dot can serve as a light-emitting material.

[0449]

The quantum dot material may be a colloidal quantum dot material, an alloyed quantum
dot material, a core-shell quantum dot material, a core quantum dot material, or the like. A
material containing elements belonging to Groups 12 and 16, elements belonging to Groups 13
and 15, or elements belonging to Groups 14 and 16 may be used. Alternatively, a quantum dot
material containing an element such as cadmium, selenium, zinc, sulfur, phosphorus, indium,
tellurium, lead, gallium, arsenic, or aluminum may be used.

[0450]
[Adhesive layer]

As the adhesive layer, any of a variety of curable adhesives, e.g., a photo-curable
adhesive such as an ultraviolet curable adhesive, a reactive curable adhesive, a thermosetting
curable adhesive, and an anaerobic adhesive can be used. Examples of these adhesives include
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, and an ethylene vinyl acetate
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(EVA) resin.  In particular, a material with low moisture permeability, such as an epoxy resin, is
preferred. Alternatively, a two-component-mixture-type resin may be used. Still alternatively,
an adhesive sheet or the like may be used.

[0451]

Furthermore, the resin may include a drying agent. For example, a substance that
adsorbs moisture by chemical adsorption, such as oxide of an alkaline earth metal (e.g., calcium
oxide or barium oxide), can be used. Alternatively, a substance that adsorbs moisture by
physical adsorption, such as zeolite or silica gel, may be used. The drying agent is preferably
included because it can inhibit entry of impurities such as moisture into an element, leading to an
improvement in the reliability of the display panel.

[0452]

In addition, a filler with a high refractive index or a light-scattering member may be
mixed into the resin, in which case light extraction efficiency can be improved. For example,
titanium oxide, barium oxide, zeolite, or zirconium can be used.

[0453]
[Connection layer]

As a connection layer, an anisotropic conductive film (ACF), an anisotropic conductive
paste (ACP), or the like can be used.
[0454]

[Coloring layer]

Examples of materials that can be used for the coloring layer include a metal material, a
resin material, and a resin material containing a pigment or dye.
[0455]

[Light-blocking layer]

Examples of a material that can be used for the light-blocking layer include carbon
black, titanium black, a metal, a metal oxide, and a composite oxide containing a solid solution
of a plurality of metal oxides. The light-blocking layer may be a film containing a resin
material or a thin film of an inorganic material such as a metal. Stacked films containing the
material of the coloring layer can also be used for the light-blocking layer. For example, a
stacked structure of a film containing a material of a coloring layer that transmits light of a
certain color and a film containing a material of a coloring layer that transmits light of another
color can be employed. It is preferred that the coloring layer and the light-blocking layer be
formed using the same material because the same manufacturing apparatus can be used and the
process can be simplified.

[0456]
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The above is the description of each of the components.

[0457]
[Modification example]

Structure examples that partly differ from the display panel described in the above
cross-sectional structure example are described below. Note that the description of the portions
already described above is omitted and only different portions are described.

[0458]
[Modification example 1 of cross-sectional structure example]

FIG. 25 is different from FIG. 24 in the structures of transistors and the resin layer 202
and in that a coloring layer 565, a light-blocking layer 566, and an insulating layer 567 are
provided.

[0459]

The transistors 401, 403, and 501 illustrated in FIG. 25 each include a second gate
electrode. In this manner, a transistor including a pair of gates is preferably used as each of the
transistors provided in the circuit portion 364 and the circuit portion 366 and the transistor that
controls current flowing to the light-emitting element 360.

[0460]

In the resin layer 202, an opening overlapping with the liquid crystal element 529 and
an opening overlapping with the light-emitting element 360 are separately formed, whereby the
reflectance of the liquid crystal element 529 can be increased.

[0461]

The light-blocking layer 566 and the coloring layer 565 are provided on a surface of the
insulating layer 576 on the liquid crystal element 529 side. The coloring layer 565 is provided
so as to overlap with the liquid crystal element 529. Thus, the display panel 200 can perform
color display. The light-blocking layer 566 has an opening overlapping with the liquid crystal
element 529 and an opening overlapping with the light-emitting element 360. This allows
fabrication of a display device that suppresses mixing of colors between adjacent pixels and thus
has high color reproducibility.

[0462]
[Modification example 2 of cross-sectional structure example]

FIG. 26 illustrates an example in which a top-gate transistor is used as each transistor.
The use of a top-gate transistor can reduce parasitic capacitance, leading to an increase in the
frame frequency of display. Furthermore, a top-gate transistor can favorably be used for a large
display panel with a size of 8 inches or more.

[0463]
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[Modification example 3 of cross-sectional structure example]

FIG. 27 illustrates an example in which a top-gate transistor including a second gate
electrode is used as each transistor.
[0464]

Each of the transistors includes a conductive layer 491 or a conductive layer 591 over
and in contact with the resin layer 478 or the resin layer 201. The insulating layer 578 is
provided to cover the conductive layer 591. Furthermore, the insulating layer 411a is provided
to cover the conductive layer 491.

[0465]

In the connection portion 506 of the display panel 200, part of the resin layer 201 is
opened, and a conductive layer 592 is provided so as to fill the opening. The conductive layer
592 is provided such that the back surface (a surface on the display panel 100 side) thereof is
exposed. The conductive layer 592 is electrically connected to the wiring 367. The FPC 374
is electrically connected to the exposed surface of the conductive layer 592 through the
connection layer 519. The conductive layer 592 can be formed by processing the conductive
film with which the conductive layer 591 is formed. The conductive layer 592 functions as an
electrode that can also be called a back electrode.

[0466]

Such a structure can be obtained by using a photosensitive organic resin for the resin
layer 201. For example, in forming the resin layer 201 over a support substrate, an opening is
formed in the resin layer 201 and the conductive layer 592 is formed so as to fill the opening.
When the resin layer 201 and the support substrate are separated from each other, the conductive
layer 592 and the support substrate are also separated from each other, whereby the conductive
layer 592 illustrated in FIG. 27 can be formed.

[0467]

Such a structure allows the FPC 374 connected to the display panel 200 located on the
display surface side to be positioned on the side opposite to the display surface. Thus, a space
for bending the FPC 374 in incorporating a display device in an electronic device can be
eliminated, which enables the electronic device to be smaller.

[0468]

The above is the description of the modification example.
[0469]

At least part of this embodiment can be implemented in combination with any of the
other embodiments described in this specification as appropriate.

[0470]
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(Embodiment 5)

A display panel having a structure different from that in Embodiment 2 is described.
In a display panel 2700 illustrated in FIG. 28, a first pixel circuit and a second pixel circuit are
formed using transistors over the same insulating layer. An input/output panel 2700TP3 in
which a touch sensor is provided on the display surface of the display panel 2700 is described
with reference to FIG. 28 and FIGS. 29A to 29D.

[0471]

FIG. 28 is a cross-sectional view of a pixel included in the input/output panel 2700TP3.
[0472]

Note that in this specification, an integral variable of 1 or more may be used for
reference numerals. For another example, "(i, j)" where i and j are each an integral variable of
1 or more may be used for part of a reference numeral that specifies any one of components (i x j
components at a maximum).

[0473]

FIGS. 29A to 29D illustrate the structure of the input/output panel of one embodiment
of the present invention. FIG. 29A is a cross-sectional view illustrating a structure of a
functional film of the input/output panel illustrated in FIG. 28, FIG. 29B is a cross-sectional
view illustrating a structure of an input unit, FIG. 29C is a cross-sectional view illustrating a
structure of a second unit, and FIG. 29D is a cross-sectional view illustrating a structure of a first
unit.

[0474]

An input/output panel 2700TP3 illustrated in this structure example includes a pixel
2702(i, j) (see FIG. 28). The input/output panel 2700TP3 includes a first unit 2010, a second
unit 2020, an input unit 2030, and a functional film 2770P (see FIGS. 29A to 29D). The first
unit 2010 includes a functional layer 2520, and the second unit 2020 includes a functional layer
2720.

[0475]
<<Pixel 2702(i, j)>>

The pixel 2702(i, j) includes a portion of the functional layer 2520, a first display
element 2750(;, j), and a second display element 2550(7, ) (see FIG. 28).

[0476]

The functional layer 2520 includes a first conductive film, a second conductive film, an
insulating film 2501C, and a pixel circuit. The pixel circuit includes the transistor M, for
example. The functional layer 2520 may include an optical element 2560, a covering film 2565,

and a lens 2580. The functional layer 2520 may include an insulating film 2528 and an
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insulating film 2521. A stack including an insulating film 2521A and an insulating film 2521B
can be used as the insulating film 2521,
[0477]

For example, a material whose refractive index is around 1.55 can be used for the
insulating film 2521A or the insulating film 2521B. Alternatively, a material whose refractive
index is around 1.6 can be used for the insulating film 2521A or the insulating film 2521B.
Further alternatively, an acrylic resin or polyimide can be used for the insulating film 2521A or
the insulating film 2521B.

[0478]

The insulating film 2501C includes a region positioned between the first conductive
film and the second conductive film and has an opening 2591A.
[0479]

The first conductive film is electrically connected to the first display element 2750(, j).
Specifically, the first conductive film is electrically connected to an electrode 2751(i, j) of the
first display element 2750(7, j). The electrode 2751(i, j) can be used as the first conductive film.
[0480]

The second conductive film includes a region overlapping with the first conductive film.
The second conductive film is electrically connected to the first conductive film through the
opening 2591A. For example, a conductive film 2512B can be used as the second conductive
film. The second conductive film is electrically connected to the pixel circuit. 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 can be used as the second conductive film. Note that the first
conductive film electrically connected to the second conductive film in the opening 2591A that is
formed in the insulating film 2501C can be referred to as a through electrode.

[0481]

The second display element 2550(7, j) is electrically connected to the pixel circuit. The
second display element 2550(7, j) has a function of emitting light toward the functional layer
2520. The second display element 2550(7, j) has a function of emitting light toward the lens
2580 or the optical element 2560, for example.

[0482]

The second display element 2550(7, j) is provided so that the display using the second
display element 2550(i, j) can be seen from part of a region from which the display using the first
display element 2750(7, j) can be seen. For example, the electrode 2751(7, j) of the first display
element 2750(7, j) includes a region 2751H where light emitted from the second display element
2550(i, j) is not blocked. Note that dashed arrows shown in FIG. 28 denote the directions in
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which external light is incident on and reflected by the first display element 2750(i, j) that
displays image data by controlling the intensity of external light reflection. In addition, a solid
arrow shown in FIG. 28 denotes the direction in which the second display element 2550(, ;)
emits light to the part of the region from which the display using the first display element 2750(,
j) can be seen.

[0483]

Accordingly, display using the second display element can be seen from part of the
region from which 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.  As a result,
a novel input/output panel that is highly convenient or reliable can be provided.

[0484]

For example, the first display element 2750(7, j) includes the electrode 2751(i, j), an
electrode 2752, and a layer 2753 containing a liquid crystal material. The first display element
2750(i, j) further includes an alignment film AF1 and an alignment film AF2. Specifically, a
reflective liquid crystal element can be used as the first display element 2750(7, ).

[0485]

For example, a transparent conductive film whose refractive index is around 2.0 can be
used as the electrode 2752 or the electrode 2751(i, j). Specifically, an oxide including indium,
tin, and silicon can be used for the electrode 2752 or the electrode 2751(7, j). Alternatively, a
material whose refractive index is around 1.6 can be used for the alignment film.

[0486]

For example, the second display element 2550(;, j) includes an electrode 2551(7, j), an
electrode 2552, and a layer 2553(j) containing a light-emitting material. The electrode 2552
includes a region overlapping with the electrode 2551(i, j). The layer 2553(j) containing a
light-emitting material includes a region positioned between the electrode 2551(7, j) and the
electrode 2552. The electrode 2551(7, j) is electrically connected to the pixel circuit at a
connection portion 2522.  Specifically, an organic EL element can be used as the second display
element 2550(7, j).

[0487]

For example, a transparent conductive film having a refractive index of around 2.0 can

be used as the electrode 2551(7, j). Specifically, an oxide including indium, tin, and silicon can

be used for the electrode 2551(7, j). Alternatively, a material whose refractive index is around
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1.8 can be used for the layer 2553(j) containing a light-emitting material.
[0488]

The optical element 2560 has a light-transmitting property and includes a first region, a
second region, and a third region.
[0489]

The first region includes a region to which visible light is supplied from the second
display element 2550(7, j), the second region includes a region in contact with the covering film
2565, 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.

[0490]

The covering film 2565 has reflectivity with respect to visible light and has a function of
reflecting part of visible light and supplying it to the third region.
[0491]

For example, a metal can be used for the covering film 2565. Specifically, a material
containing silver can be used for the covering film 2565. 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 2565.

[0492]
<<Lens 2580>>

A material that transmits visible light can be used for the lens 2580. 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 2580. For example, an inorganic material or an organic material can be used
for the lens 2580.

[0493]

For example, a material including an oxide or a sulfide can be used for the lens 2580.
[0494]

Specifically, cerium oxide, hatnium oxide, lanthanum oxide, magnesium oxide, niobium
oxide, tantalum oxide, titanium oxide, yttrium oxide, zinc oxide, an oxide including indium and
tin, an oxide including indium, gallium, and zinc, or the like can be used for the lens 2580.
Alternatively, zinc sulfide or the like can be used for the lens 2580.

[0495]

For example, the lens 2580 can be formed using a material including resin.

Specifically, the lens 2580 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
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is introduced, a resin to which sulfur is introduced, or the like.  Alternatively, the lens 2580 can
be formed using a material containing a resin and nanoparticles of a material whose refractive
index is higher than that of the resin. Titanium oxide, zirconium oxide, or the like can be used
for the nanoparticle.

[0496]

<<Functional layer 2720>>

The functional layer 2720 includes a region positioned between a substrate 2770 and the
insulating film 2501C. The functional layer 2720 further includes an insulating film 2771 and a
coloring film CF1.

[0497]

The coloring film CF1 includes a region positioned between the substrate 2770 and the
first display element 2750(, j).

[0498]

The insulating film 2771 includes a region positioned between the coloring film CF1
and the layer 2753 containing a liquid crystal material. The insulating film 2771 can reduce
unevenness due to the thickness of the coloring film CF1. Furthermore, the insulating film
2771 can prevent impurities from diffusing from the coloring film CF1 or the like to the layer
2753 containing a liquid crystal material.

[0499]

For example, an acrylic resin whose refractive index is around 1.55 can be used for the

insulating film 2771.
[0500]
<<Substrate 2570 and substrate 2770>>

The input/output panel described in this embodiment includes a substrate 2570 and the
substrate 2770.

[0501]

The substrate 2770 includes a region overlapping with the substrate 2570. The
substrate 2770 includes a region provided so that the functional layer 2520 is positioned between
the substrate 2770 and the substrate 2570.

[0502]

The substrate 2770 includes a region overlapping with the first display element 2750(,

j). For example, a material with low birefringence can be used for the region.
[0503]
For example, a resin material whose refractive index is around 1.5 can be used for the

substrate 2770.
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[0504]
<<Bonding layer 2505>>
The input/output panel described in this embodiment also includes a bonding layer
2505.
[0505]

The bonding layer 2505 includes a region positioned between the functional layer 2520
and the substrate 2570, and has a function of bonding the functional layer 2520 and the substrate
2570 together.

[0506]
<<Structure body KB1 and structure body KB2>>

The input/output panel described in this embodiment includes a structure body KB1 and
a structure body KB2.

[0507]

The structure body KB1 has a function of providing a certain space between the
functional layer 2520 and the substrate 2770. The structure body KB1 includes a region
overlapping with the region 2751H and has a light-transmitting property. Thus, light emitted
from the second display element 2550(7, j) can be supplied to one surface of the structure body
KB1 and emitted from the other surface.

[0508]

Furthermore, the structure body KB1 includes a region overlapping with the optical
element 2560 and is formed using a material whose refractive index is different from that of a
material used for the optical element 2560 by 0.2 or less, for example. Thus, light emitted from
the second display element can be efficiently utilized. The area of the second display element
can be increased. The density of current flowing through the organic EL element can be
decreased.

[0509]

The structure body KB2 has a function of controlling the thickness of a polarizing layer
2770PB to a predetermined thickness. The structure body KB2 includes a region overlapping
with the second display element 2550(7, j) and has a light-transmitting property.

[0510]

Alternatively, a material that transmits light of a predetermined color can be used for the
structure body KB1 or KB2. Thus, the structure body KB1 or KB2 can be used, for example,
as a color filter. For example, a material that transmits blue light, green light, or red light can
be used for the structure body KB1 or KB2. A material that transmits yellow light, white like,
or the like can be used for the structure body KB1 or KB2.
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[0511]

Specifically, for the structure body KB1 or KB2, polyester, polyolefin, polyamide,
polyimide, polycarbonate, polysiloxane, an acrylic resin, or the like, or a composite material of a
plurality of resins selected from these can be used. Alternatively, a photosensitive material may
be used.

[0512]

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.

[0513]
<<Input unit 2030>>

The input unit 2030 includes a sensor element. The sensor element has a function of
sensing an object that approaches a region overlapping with the pixel 2702(7, j). Thus, a finger
or the like is used as a pointer to input positional data by approaching the display portion.

[0514]

For example, a capacitive proximity sensor, an electromagnetic inductive proximity
sensor, an optical proximity sensor, a resistive proximity sensor, or a surface acoustic wave
proximity sensor can be used as the input unit 2030. Specifically, a surface capacitive
proximity sensor, a projection capacitive proximity sensor, an infrared light detection type
proximity sensor, or the like can be used.

[0515]

For example, a touch sensor that includes a capacitive proximity sensor and whose
refractive index is around 1.6 can be used as the input unit 2030.

[0516]
<<Functional film 2770D, functional film 2770P, and the like>>

The input/output panel 2700TP3 described in this embodiment includes a functional
film 2770D and the functional film 2770P.
[0517]

The functional film 2770D includes a region overlapping with the first display element
2750(i, j). The functional film 2770D includes a region provided so that the first display
element 2750(7, j) is positioned between the functional film 2770D and the functional layer 2520.
[0518]

For example, a light diffusion film can be used as the functional film 2770D.
Specifically, a material with a columnar structure having an axis along the direction intersecting

a surface of a base can be used for the functional film 2770D. In that case, light can be easily
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transmitted in the direction along the axis and scattered in other directions. For example, light
reflected by the first display element 2750(7, ) can be diffused.
[0519]

The functional film 2770P includes the polarizing layer 2770PB, a retardation film
2770PA, and the structure body KB2. The polarizing layer 2770PB includes an opening, and
the retardation film 2770PA includes a region overlapping with the polarizing layer 2770PB.
Note that the structure body KB2 is provided in the opening.

[0520]

For example, a dichromatic pigment, a liquid crystal material, and a resin can be used
for the polarizing layer 2770PB. The polarizing layer 2770PB has a polarization property. In
that case, the functional film 2770P can be used as a polarizing plate.

[0521]

The polarizing layer 2770PB includes a region overlapping with the first display
element 2750(7, j), and the structure body KB2 includes a region overlapping with the second
display element 2550(7, j). Thus, a liquid crystal element can be used as the first display
element. For example, a reflective liquid crystal element can be used as the first display
element. Light emitted from the second display element can be extracted efficiently. The
density of current flowing through the organic EL element can be decreased. The reliability of
the organic EL element can be increased.

[0522]

For example, an anti-reflection film, a polarizing film, or a retardation film can be used
as the functional film 2770P. Specifically, a film including a dichromatic pigment and a
retardation film can be used as the functional film 2770P.

[0523]

Alternatively, an antistatic film preventing the attachment of a foreign substance, a
water repellent film suppressing the attachment of stain, a hard coat film suppressing a scratch in
use, or the like can be used as the functional film 2770P.

[0524]

For example, a material whose refractive index is around 1.6 can be used for the
diffusion film. A material whose refractive index is around 1.6 can be used for the retardation
film 2770PA.

[0525]

Note that this embodiment can be combined with any of the other embodiments in this

specification as appropriate.

[0526]
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(Embodiment 6)
[Transistor]

The transistor includes a conductive layer serving as a gate electrode, a semiconductor
layer, a conductive layer serving as a source electrode, a conductive layer serving as a drain
electrode, and an insulating layer serving as a gate insulating layer.

[0527]

In FIG. 16, a bottom-gate transistor is used.
[0528]

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

[0529]

There is no particular limitation on the crystallinity of a semiconductor material used for
the transistors, and an amorphous semiconductor or a semiconductor having crystallinity (a
microcrystalline semiconductor, a polycrystalline semiconductor, a single-crystal semiconductor,
or a semiconductor partly including crystal regions) may be used. It is preferable that a
semiconductor having crystallinity be used, in which case deterioration of the transistor
characteristics can be suppressed.

[0530]

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

[0531]

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

[0532]

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

[0533]

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

[0534]

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

[0535]

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

[0536]

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

[0537]

When silicon or carbon that is one of elements belonging to Group 14 is contained in

the metal oxide contained in the semiconductor layer, oxygen vacancies are increased in the

semiconductor layer, and the semiconductor layer becomes n-type. Thus, the concentration of
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silicon or carbon (measured by secondary ion mass spectrometry) in the semiconductor layer is
lower than or equal to 2 x 10" atoms/cm’, preferably lower than or equal to 2 x 10'” atoms/cm”.
[0538]

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

[0539]

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

[0540]

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

[0541]

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

[0542]

Note that the semiconductor layer may be a mixed film including two or more of the
following: a region having an amorphous structure, a region having a microcrystalline structure,
a region having a polycrystalline structure, a region of CAAC-OS, and a region having a
single-crystal structure. The mixed film has, for example, a single-layer structure or a
stacked-layer structure including two or more of the above-described regions in some cases.
[0543]
<Composition of CAC-OS>

Described below is the composition of a cloud-aligned composite oxide semiconductor
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(CAC-0OS) applicable to a transistor disclosed in one embodiment of the present invention.
[0544]

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

[0545]

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

[0546]

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

[0547]

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

[0548]

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

[0549]
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Note that an oxide semiconductor preferably contains at least indium. In particular,
indium and zinc are preferably contained. In addition, an element A (M is one or more of
gallium, aluminum, silicon, boron, yttrium, copper, vanadium, beryllium, titanium, iron, nickel,
germanium, zirconium, molybdenum, lanthanum, cerium, neodymium, hafnium, tantalum,
tungsten, magnesium, and the like) may be contained.

[0550]

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

[0551]

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

[0552]

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

[0553]

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

[0554]

On the other hand, the CAC-OS relates to the material composition of an oxide
semiconductor. In a material composition of a CAC-OS including In, Ga, Zn, and O,
nanoparticle regions including Ga as a main component are observed in part of the CAC-OS and

nanoparticle regions including In as a main component are observed in part thereof. These
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nanoparticle regions are randomly dispersed to form a mosaic pattern. Therefore, the crystal
structure 1s a secondary element for the CAC-OS.
[0555]

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

[0556]

A boundary between the region including GaOyxs as a main component and the region
including Iny,Zny,Oz, or InOy; as a main component is not clearly observed in some cases.
[0557]

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

[0558]
<Analysis of CAC-OS>

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

methods are described.
[0559]
<<Structure of samples and formation method thereof>>

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

[0560]

A method for forming the samples is described.
[0561]

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

sputtering apparatus is supplied with an AC power of 2500 W.
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[0562]

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

[0563]
<<Analysis by X-ray diffraction>>

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

[0564]

FIG. 30 shows XRD spectra measured by an out-of-plane method. In FIG. 30, the top
row shows the measurement results of the samples formed at a substrate temperature of 170 °C;
the middle row shows the measurement results of the samples formed at a substrate temperature
of 130 °C; and the bottom row shows the measurement results of the samples formed at a
substrate temperature of R.T. The left column shows the measurement results of the samples
formed with an oxygen gas flow rate ratio of 10 %; the middle column shows the measurement
results of the samples formed with an oxygen gas flow rate ratio of 30 %; and the right column
shows the measurement results of the samples formed with an oxygen gas flow rate ratio of 100
%.

[0565]

In the XRD spectra shown in FIG. 30, the higher the substrate temperature at the time of
formation is or the higher the oxygen gas flow rate ratio at the time of formation is, the higher
the intensity of the peak at around 26=31°1s. Note that it is found that the peak at around 26 =
31° is derived from a crystalline IGZO compound whose c-axes are aligned in a direction
substantially perpendicular to a formation surface or a top surface of the crystalline IGZO
compound (such a compound is also referred to as c-axis aligned crystalline (CAAC) IGZO).
[0566]

As shown in the XRD spectra in FIG. 30, as the substrate temperature at the time of
formation is lower or the oxygen gas flow rate ratio at the time of formation is lower, a peak

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

[0567]

<<Analysis with electron microscope>>

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

[0568]

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

[0569]

FIG. 31Ais a plan-view TEM image of the sample formed at a substrate temperature of
R.T. and with an oxygen gas flow rate ratio of 10 %. FIG. 31B is a cross-sectional TEM image
of the sample formed at a substrate temperature of R.T. and with an oxygen gas flow rate ratio of
10 %.

[0570]
<<Analysis of electron diffraction patterns>>

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

[0571]

Electron diffraction patterns of points indicated by black dots al, a2, a3, a4, and a5 in
the plan-view TEM image in FIG. 31A of the sample formed at a substrate temperature of R.T.
and an oxygen gas flow rate ratio of 10 % are observed. Note that the electron diffraction
patterns are observed while electron beam irradiation is performed at a constant rate for 35
seconds. FIGS. 31C, 31D, 31E, 31F, and 31G show the results of the points indicated by the
black dots al, a2, a3, a4, and a5, respectively.

[0572]
In FIGS. 31C, 31D, 31E, 31F, and 31G, regions with high luminance in a circular (ring)
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pattern can be shown. Furthermore, a plurality of spots can be shown in a ring-like shape.
[0573]

Electron diffraction patterns of points indicated by black dots b1, b2, b3, b4, and b5 in
the cross-sectional TEM image in FIG. 31B of the sample formed at a substrate temperature of
R.T. and an oxygen gas flow rate ratio of 10 % are observed. FIGS. 31H, 311, 31J, 31K, and
31L show the results of the points indicated by the black dots b1, b2, b3, b4, and b5, respectively.
[0574]

In FIGS. 31H, 311, 31J, 31K, and 31L, regions with high luminance in a ring pattern can
be shown. Furthermore, a plurality of spots can be shown in a ring-like shape.

[0575]

For example, when an electron beam with a probe diameter of 300 nm is incident on a
CAAC-OS including an InGaZnO, crystal in a direction parallel to the sample surface, a
diffraction pattern including a spot derived from the (009) plane of the InGaZnO, crystal is
obtained. That is, the CAAC-OS has c-axis alignment and the c-axes are aligned in the
direction substantially perpendicular to the formation surface or the top surface of the CAAC-OS.
Meanwhile, a ring-like diffraction pattern is shown when an electron beam with a probe diameter
of 300 nm is incident on the same sample in a direction perpendicular to the sample surface.
That is, it is found that the CAAC-OS has neither a-axis alignment nor b-axis alignment.

[0576]

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

[0577]

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

direction and the cross-sectional direction.
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[0578]

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

[0579]
<<Elementary analysis>>

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

[0580]

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

[0581]

FIGS. 32A to 32C show EDX mapping images in a cross section of the sample formed
at a substrate temperature of R.T. and with an oxygen gas flow rate ratio of 10 %. FIG. 32A
shows an EDX mapping image of Ga atoms. The proportion of the Ga atoms in all the atoms is
1.18 atomic% to 18.64 atomic%. FIG. 32B shows an EDX mapping image of In atoms. The
proportion of the In atoms in all the atoms is 9.28 atomic% to 33.74 atomic%. FIG. 32C shows
an EDX mapping image of Zn atoms. The proportion of the Zn atoms in all the atoms is 6.69
atomic% to 24.99 atomic%. FIGS. 32A to 32C show the same region in the cross section of the
sample formed at a substrate temperature of R.T. and with an oxygen gas flow rate ratio of 10 %.
In the EDX mapping images, the proportion of an element is indicated by gray scale: the more
measured atoms exist in a region, the brighter the region is; the less measured atoms exist in a

region, the darker the region is. The magnification of the EDX mapping images in FIGS. 32A
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to 32C is 7200000 times.
[0582]

The EDX mapping images in FIGS. 32A to 32C show relative distribution of brightness
indicating that each element has a distribution in the sample formed at a substrate temperature of
R.T. and with an oxygen gas flow rate ratio of 10 %. Areas surrounded by solid lines and areas
surrounded by dashed lines in FIGS. 32A to 32C are examined.

[0583]

In FIG. 32A, a relatively dark region occupies a large area in the area surrounded by the
solid line, while a relatively bright region occupies a large area in the area surrounded by the
dashed line. In FIG. 32B, a relatively bright region occupies a large area in the area surrounded
by the solid line, while a relatively dark region occupies a large area in the area surrounded by
the dashed line.

[0584]

That is, the areas surrounded by the solid lines are regions including a relatively large
number of In atoms and the areas surrounded by the dashed lines are regions including a
relatively small number of In atoms. In FIG. 32C, the right portion of the area surrounded by
the solid line is relatively bright and the left portion thereof is relatively dark. Thus, the area
surrounded by the solid line is a region including Inx,Zny,0z,;, InOx;, or the like as a main
component.

[0585]

The area surrounded by the solid line is a region including a relatively small number of
Ga atoms and the area surrounded by the dashed line is a region including a relatively large
number of Ga atoms. In FIG. 32C, the upper left portion of the area surrounded by the dashed
line is relatively bright and the lower right portion thereof is relatively dark. Thus, the area
surrounded by the dashed line is a region including GaOy;s, GayZny,Ozy, or the like as a main
component.

[0586]

Furthermore, as shown in FIGS. 32A to 32C, the In atoms are relatively more uniformly
distributed than the Ga atoms, and regions including InOx; as a main component are seemingly
joined to each other through a region including Iny,Zny,0z, as a main component. Thus, the
regions including Inx,Zny;07, and InOy; as main components extend like a cloud.

[0587]

An In-Ga-Zn oxide having a composition in which the regions including GaOy; or the

like as a main component and the regions including Inx;Zny;Oz, or InOy; as a main component

are unevenly distributed and mixed can be referred to as a CAC-OS.
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[0588]

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

[0589]

As shown in FIGS. 32A to 32C, each of the regions including GaOy; or the like as a
main component and the regions including Inx>Zny;07, or InOy; as a main component has a size
of greater than or equal to 0.5 nm and less than or equal to 10 nm, or greater than or equal to 1
nm and less than or equal to 3 nm. Note that it is preferable that a diameter of a region
including each metal element as a main component be greater than or equal to 1 nm and less than
or equal to 2 nm in the EDX mapping images.

[0590]

As described above, the CAC-OS has a structure different from that of an IGZO
compound in which metal elements are evenly distributed, and has characteristics different from
those of the IGZO compound. That is, in the CAC-OS, regions including GaOy; or the like as a
main component and regions including Inx,Zny,Oz; or InOx; as a main component are separated
to form a mosaic pattern.

[0591]

The conductivity of a region including Iny,Zny,Oz, or InOy; as a main component is
higher than that of a region including GaOxs; or the like as a main component. In other words,
when carriers flow through regions including Inx,Zny,Oz; or InOx; as a main component, the
conductivity of an oxide semiconductor is exhibited. Accordingly, when regions including
Iny,Zny,02; or InOy; as a main component are distributed in an oxide semiconductor like a cloud,
a high field-effect mobility (1) can be achieved.

[0592]

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

[0593]
Accordingly, when a CAC-OS is used for a semiconductor element, the insulating

property derived from GaQOy; or the like and the conductivity derived from Iny,Zny,0; or InOy;
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complement each other, whereby a high on-state current (Ion) and a high field-effect mobility (u)
can be achieved.
[0594]

A semiconductor element including a CAC-OS has high reliability. Thus, the CAC-OS
is suitably used in a variety of semiconductor devices typified by a display.
[0595]

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

[0596]

Furthermore, the transistor including a CAC-OS in the semiconductor layer does not
need a laser crystallization step like a transistor including low-temperature polysilicon. Thus,
the manufacturing cost of a display device can be reduced, even when the display device is
formed using a large substrate. In addition, when the transistor including a CAC-OS in the
semiconductor layer is used for a driver circuit and a display portion in a large display device
having a high resolution such as ultra high definition ("4K resolution", "4K2K", and "4K") or
super high definition ("8K resolution", "8K4K", and "8K"), writing can be performed in a short
time, and display defects can be reduced, which is preferable.

[0597]

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

[0598]

The bottom-gate transistor described in this embodiment is preferable because the
number of manufacturing steps can be reduced. When amorphous silicon, which can be formed
at a lower temperature than polycrystalline silicon, is used for the semiconductor layer, materials
with low heat resistance can be used for a wiring, an electrode, or a substrate below the

semiconductor layer, resulting in wider choice of materials. For example, an extremely large
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glass substrate can be favorably used. Meanwhile, the top-gate transistor is preferable because
an impurity region is easily formed in a self-aligned manner and variation in characteristics can
be reduced. The top-gate transistor is particularly preferable when polycrystalline silicon,
single-crystal silicon, or the like is employed.

[0599]

At least part of this embodiment can be implemented in combination with any of the
other embodiments described in this specification as appropriate.
[0600]

(Embodiment 7)

FIGS. 33 A to 33F illustrate specific examples of an electronic device that can be applied
to a portable terminal including the display module of one embodiment of the present invention.
[0601]

FIG. 33 A illustrates a portable game machine including a housing 5001, a housing 5002,
a display module 5003 of one embodiment of the present invention, a microphone 5005, a
speaker 5000, an operation key 5007, a stylus 5008, and the like. When the display module
5003 of one embodiment of the present invention is used in the portable game machine, the
display module 5003 can display an image with high display quality without being influenced by
the intensity of external light in an environment where the display module 5003 is used and can
have lower power consumption.

[0602]

FIG. 33B illustrates a wristwatch-type portable terminal, which includes a housing 5201,
a display module 5202 of one embodiment of the present invention, a band 5203, an optical
sensor 5204, a switch 5205, and the like. The display module 5202 of one embodiment of the
present invention, which is used in the wristwatch-type portable terminal, can display a
high-quality image regardless of the intensity of external light in an operating environment and
achieve low power consumption.
[0603]

FIG. 33C illustrates a tablet personal computer, which includes a housing 5301, a
housing 5302, a display module 5303 of one embodiment of the present invention, an optical
sensor 5304, an optical sensor 5305, a switch 5306, and the like. The display module 5303 is
supported by the housing 5301 and the housing 5302. The display module 5303 is formed
using a flexible substrate and therefore has a function of being flexible in shape and bendable.
By changing the angle between the housing 5301 and the housing 5302 with a hinge 5307 and a
hinge 5308, the display module 5303 can be folded such that the housing 5301 and the housing

5302 overlap with each other. Although not illustrated, an open/close sensor may be
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incorporated so that the above-described angle change can be used as information about
conditions of use of the display module 5303. The display module 5303 of one embodiment of
the present invention, which is used in the tablet personal computer, can display a high-quality
image regardless of the intensity of external light in an operating environment and achieve low
power consumption.

[0604]

FIG. 33D shows the peripheral portion of the driver's seat of a moving object such as a
car, which includes a handle 5801, a pillar 5802, a door 5803, a windshield 5804, a display
module 5805 of one embodiment of the present invention, and the like. The display module
5805 is formed using a flexible substrate and therefore has a function of being flexible in shape
and bendable. Thus, the display module 5805 can be used for an instrument panel that displays
meters and the like on a dashboard of a car having a plane surface or curved surfaces with
different radii of curvature. By using the display module 5805 of one embodiment of the
present invention for an instrument panel of a car, the display module 5805 can display a
high-quality image regardless of the intensity of external light in the operating environment and
achieve low power consumption.

[0605]

FIG. 33E illustrates a wristwatch-type portable terminal, which includes a housing 5701
having a curved surface, a display module 5702 of one embodiment of the present invention, and
the like. When a flexible substrate is used for the display module 5702 of one embodiment of
the present invention, the display module 5702 can be supported by the housing 5701 having a
curved surface. Consequently, it is possible to provide a user-friendly wristwatch-type portable
terminal that is flexible and lightweight. In addition, the display module 5702 of one
embodiment of the present invention, which is used in the wristwatch-type portable terminal, can
display a high-quality image regardless of the intensity of external light in an operating
environment and achieve low power consumption.

[0606]

FIG. 33F illustrates a cellular phone, which includes a display module 5902 of one
embodiment of the present invention, a microphone 5907, a speaker 5904, a camera 5903, an
external connection portion 5906, and an operation button 5905 in a housing 5901 having a
curved surface. The display module 5902 of one embodiment of the present invention, which is
used in the cellular phone, can display a high-quality image regardless of the intensity of external
light in an operating environment and achieve low power consumption.

[0607]

At least part of this embodiment can be implemented in combination with any of the
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other embodiments described in this specification as appropriate.

REFERENCE NUMERALS

[0608]

AF1: alignment film, AF2: alignment film, ANO: wiring, C1: capacitor, C2: capacitor, CF1:
coloring film, CSCOM: wiring, G1: wiring, G2: wiring, G3: wiring, KB1: structure body, KB2:
structure body, S1: wiring, S2: wiring, S3: wiring, SW1: switch, SW2: switch, T1: touched area,
T2: touched area, T3: touched area, T4: touched area, VCOM1: wiring, VCOM2: wiring, 10:
electronic device, 11: display device, 1la: display region, 11b: display region, 1lc: display
device, 11d: display region, 12a: display region, 12b: display region, 12¢: display region, 12d:
display region, 12e: display region, 12f: display region, 12g: display region, 12h: display region,
12i: display region, 12j: display region, 12k: display region, 121: display region, 12m: display
region, 12n: display region, 120: display region, 12p: display region, 12q: display region, 13a:
touch sensing region, 13b: touch sensing region, 13c: touch sensing region, 13d: touch sensing
region, 14a: touch sensing region, 14b: touch sensing region, 14c: touch sensing region, 15:
touch panel, 15a: touch sensing region, 15b: touch sensing region, 15¢: touch sensing region,
15d: touch sensing region, 15e: touch sensing region, 15f: touch sensing region, 15g: touch
sensing region, 15h: touch sensing region, 15j: touch sensing region, 15k: touch sensing region,
151: touch sensing region, 15m: touch sensing region, 15n: touch sensing region, 150: touch
sensing region, 15p: touch sensing region, 21: touch panel, 21a: touch sensing region, 21b: touch
sensing region, 21c: touch sensing region, 21d: touch sensing region, 21f: touch sensing region,
21h: touch sensing region, 21j: touch sensing region, 211: touch sensing region, 21m: touch
sensing region, 21n: touch sensing region, 21p: touch panel, 21z: touch panel, 22a: icon, 22b:
icon, 22e: icon, 23: peripheral device, 23a: switch, 23b: switch, 23c: switch, 23d: joystick, 23e:
carrier wave, 23g: carrier wave, 24: substrate, 24a: touch sensor module, 24b: touch sensor
module, 25: substrate, 25a: display device, 25b: display device, 26a: FPC, 26b: FPC, 27a: touch
sensor control IC, 27b: driver IC, 28a: gate driver, 28b: gate driver, 29a: gate driver, 29b: gate
driver, 30: pixel, 30a: pixel, 30b: pixel, 31: display element, 31B: display element, 31G: display
element, 31p: pixel circuit, 31R: display element, 32: display element, 32B: display element,
32G: display element, 32p: pixel circuit, 32R: display element, 32Y: display element, 35r: light,
35t: light, 35tr: light, 41: layer, 42: layer, 50: adhesive layer, 51: adhesive layer, 52: adhesive
layer, 61: light, 62: reflected light, 70: display module, 70a: display module, 81: region, 82:
region, 100: display panel, 101: resin layer, 102: resin layer, 110: transistor, 110a: transistor,
110b: transistor, 110c: transistor, 111: conductive layer, 112: semiconductor layer, 113a:

conductive layer, 113b: conductive layer, 114: conductive layer, 115: conductive layer, 120:
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light-emitting element, 121: conductive layer, 122: EL layer, 123: conductive layer, 131:
insulating layer, 132: insulating layer, 133: insulating layer, 134: insulating layer, 135: insulating
layer, 136: insulating layer, 137: insulating layer, 141: insulating layer, 151: adhesive layer, 152:
coloring layer, 153: light-blocking layer, 200: display panel, 201: resin layer, 202: resin layer,
204: insulating layer, 210: transistor, 211: conductive layer, 212: semiconductor layer, 213a:
conductive layer, 213b: conductive layer, 220: liquid crystal element, 221: conductive layer, 222:
liquid crystal, 223: conductive layer, 224a: alignment film, 224b: alignment film, 231: insulating
layer, 232: insulating layer, 233: insulating layer, 234: insulating layer, 268: touch sensor, 300:
display device, 311: electrode, 311b: electrode, 340: liquid crystal element, 351: substrate, 360:
light-emitting element, 360b: light-emitting element, 360g: light-emitting element, 360r:
light-emitting element, 360w: light-emitting element, 361: substrate, 362a: display portion, 362b:
display portion, 364: circuit portion, 365: wiring, 366: circuit portion, 367: wiring, 368: touch
sensor, 372: FPC, 373: IC, 374: FPC, 375: IC, 400: display panel, 401: transistor, 402: transistor,
403: transistor, 405: capacitor, 406: connection portion, 407: wiring, 410: pixel, 411: insulating
layer, 412: insulating layer, 413: insulating layer, 414: insulating layer, 415: insulating layer, 416:
spacer, 417: adhesive layer, 419: connection layer, 421: electrode, 422: EL layer, 423: electrode,
424: optical adjustment layer, 425: coloring layer, 426: light-blocking layer, 451: opening, 476:
insulating layer, 478: insulating layer, 501: transistor, 503: transistor, 505: capacitor, 506:
connection portion, 511: insulating layer, 512: insulating layer, 513: insulating layer, 514:
insulating layer, 517: adhesive layer, 519: connection layer, 529: liquid crystal element, 543:
connector, 562: electrode, 563: liquid crystal, 564a: alignment film, 564b: alignment film, 565:
coloring layer, 566: light-blocking layer, 567: insulating layer, 576: insulating layer, 578:
insulating layer, 591: conductive layer, 592: conductive layer, 599: polarizing plate, 611:
substrate, 612: substrate, 710: CPU, 711: display controller, 712a: memory, 712b: memory, 713:
camera, 714: GPS, 715: battery, 716: communication module, 717: photosensor, 718: touch
controller, 719: speaker, 720: microphone, 731: reflective liquid crystal display panel, 732:
light-emitting display panel, 2010: unit, 2020: unit, 2030: input unit, 2501C: insulating film,
2505: bonding layer, 2512B: conductive film, 2520: functional layer, 2521: insulating film,
2521A: insulating film, 2521B: insulating film, 2522: connection portion, 2528: insulating film,
2550: display element, 2551: electrode, 2552: electrode, 2553: layer, 2560: optical element,
2565: covering film, 2570: substrate, 2580: lens, 2591 A: opening, 2700: display panel, 2700TP3:
input/output panel, 2702: pixel, 2720: functional layer, 2750: display element, 2751: electrode,
2751H: region, 2752: electrode, 2753: layer, 2770: substrate, 2770D: functional film, 2770P:
functional film, 2770PA: retardation film, 2770PB: polarizing layer, 2771: insulating film, 5001:
housing, 5002: housing, 5003: display module, 5005: microphone, 5006: speaker, 5007:
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operation key, 5008: stylus, 5201: housing, 5202: display module, 5203: band, 5204: optical
sensor, 5205: switch, 5301: housing, 5302: housing, 5303: display module, 5304: optical sensor,
5305: optical sensor, 5306: switch, 5307: hinge, 5701: housing, 5702: display module, 5801:
handle, 5802: pillar, 5803: door, 5804: windshield, 5805: display module, 5901: housing, 5902:
display module, 5903: camera, 5904: speaker, 5905: button, 5906: external connection portion,
5907: microphone, 8000: display module, 8001: upper cover, 8002: lower cover, 8005: FPC,
8006: display panel, 8009: frame, 8010: printed circuit board, 8011: battery, 8015: light-emitting
portion, 8016: light-receiving portion, 8017a: light guide portion, 8017b: light guide portion,
8018: light

This application is based on Japanese Patent Application Serial No. 2016-208987 filed
with Japan Patent Office on October 25, 2016, the entire contents of which are hereby

incorporated by reference.
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CLAIMS

1. A touch panel input system comprising:

a touch sensor module,

wherein the touch sensor module comprises a touch panel and a control portion,

wherein the touch panel comprises a first touch sensing region and a second touch
sensing region,

wherein the control portion is configured to perform a step of calculating areas where a
touch is sensed in the first touch sensing region and the second touch sensing region, and

wherein the control portion is configured to perform a step of determining that one of

the first and second touch sensing regions that has a larger calculated area is a touched position.

2. The touch panel input system according to claim 1, further comprising a display
module,

wherein the display module comprises the touch sensor module and a display device,

wherein the display device comprises a first display region,
wherein the first display region comprises a second display region and

a third display region,

wherein the control portion is configured to divide the first display region into the
second display region and the third display region to control the second display region and the
third display region,

wherein the first touch sensing region is positioned to overlap with and be in the second
display region,

wherein the second touch sensing region is positioned to overlap with and be in the third
display region, and

wherein the control portion is configured to perform a step of extracting a plurality of
display objects displayed in the second display region overlapping with the first touch sensing
region by sensing a touch on the first touch sensing region, a step of displaying the plurality of
display objects extracted from the second display region in the first display region, a step of
extracting a plurality of display objects displayed in the third display region overlapping with the
second touch sensing region by sensing a touch on the second touch sensing region, and a step of
displaying the plurality of display objects extracted from the third display region in the first
display region.
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3. The touch panel input system according to claim 2,

wherein the touch sensor module further comprises a third touch sensing region,

wherein the first display region further comprises a fourth display region,

wherein the third touch sensing region is positioned to overlap with and be in the fourth
display region,

wherein the control portion is configured to display a display object showing a direction
in the fourth display region,

wherein the control portion is configured to perform a step of moving a selection
position from the second display region to the third display region in accordance with a direction
shown by the display object showing a direction by sensing a touch on the third touch sensing
region, and a step of changing a gray level of the third display region to show that the third

display region is selected.

4. The touch panel input system according to claim 2,
wherein the display device further comprises a transistor, and

wherein the transistor comprises metal oxide in a semiconductor layer.

5. The touch panel input system according to claim 4, wherein the transistor comprising

metal oxide in the semiconductor layer in the display device comprises a back gate.

6. The touch panel input system according to claim 3, wherein the display device

comprises a liquid crystal element.

7. The touch panel input system according to claim 3, wherein the display device

comprises a light-emitting element.

8. An electronic device comprising:

the touch panel input system according to claim 1;
a CPU; and

a battery.

9. A touch panel input system comprising:
a touch sensor module,
wherein the touch sensor module comprises a touch panel and a control portion,

wherein the touch panel comprises a first touch sensing region and a second touch
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sensing region,

wherein the control portion is configured to perform a step of calculating areas where a
touch is sensed in the first touch sensing region and the second touch sensing region,

wherein the control portion is configured to perform a step of determining that one of
the first and second touch sensing regions that has a larger calculated area is a touched position,
and

wherein the control portion is configured to perform a step of integrating the areas
where a touch is sensed by time, and a step of determining that one of the first and second touch

sensing regions that has a larger integrated area is a touched position.

10. The touch panel input system according to claim 9, further comprising a display
module,

wherein the display module comprises the touch sensor module and a display device,

wherein the display device comprises a first display region,
wherein the first display region comprises a second display region and

a third display region,

wherein the control portion is configured to divide the first display region into the
second display region and the third display region to control the second display region and the
third display region,

wherein the first touch sensing region is positioned to overlap with and be in the second
display region,

wherein the second touch sensing region is positioned to overlap with and be in the third
display region, and

wherein the control portion is configured to perform a step of extracting a plurality of
display objects displayed in the second display region overlapping with the first touch sensing
region by sensing a touch on the first touch sensing region, a step of displaying the plurality of
display objects extracted from the second display region in the first display region, a step of
extracting a plurality of display objects displayed in the third display region overlapping with the
second touch sensing region by sensing a touch on the second touch sensing region, and a step of
displaying the plurality of display objects extracted from the third display region in the first
display region.

11. The touch panel input system according to claim 10,
wherein the touch sensor module further comprises a third touch sensing region,

wherein the first display region further comprises a fourth display region,
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wherein the third touch sensing region is positioned to overlap with and be in the fourth
display region,

wherein the control portion is configured to display a display object showing a direction
in the fourth display region, and

wherein the control portion is configured to perform a step of moving a selection
position from the second display region to the third display region in accordance with a direction
shown by the display object showing a direction by sensing a touch on the third touch sensing
region, and a step of changing a gray level of the third display region to show that the third

display region is selected.

12. The touch panel input system according to claim 10,
wherein the display device further comprises a transistor, and

wherein the transistor comprises metal oxide in a semiconductor layer.

13. The touch panel input system according to claim 12, wherein the transistor

comprising metal oxide in the semiconductor layer in the display device comprises a back gate.

14. The touch panel input system according to claim 10, wherein the display device

comprises a liquid crystal element.

15. The touch panel input system according to claim 10, wherein the display device

comprises a light-emitting element.

16. An electronic device comprising:

the touch panel input system according to claim 9;
a CPU; and

a battery.
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FIG. 5
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FIG. 7
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FIG. 9
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