US 20180059466A1

12) Patent Application Publication (o) Pub. No.: US 2018/0059466 A1

a9y United States

KOYAMA

43) Pub. Date: Mar. 1, 2018

(54) LIQUID CRYSTAL DISPLAY DEVICE

(71) Applicant: Semiconductor Energy Laboratory
Co., Ltd., Atsugi-shi (JP)

(72) Inventor: Jun KOYAMA, Sagamihara (JP)

(21)  Appl. No.: 15/792,841

(22) Filed:  Oct. 25, 2017

Related U.S. Application Data

(63) Continuation of application No. 14/582.248, filed on
Dec. 24, 2014, now Pat. No. 9,804,462.

(30) Foreign Application Priority Data

Dec. 27,2013 (JP) wvvvviii 2013-270825

Publication Classification

(51) Int. CL
GO2F 1/1362
G09G 3/36

(52) US. CL
CPC . GO2F 1/13624 (2013.01); GO9G 2300/0852

(2013.01); GOIG 3/3659 (2013 01)

7) ABSTRACT

A liquid crystal display device with a novel structure is
provided. Each pixel includes a first circuit for holding a
high level (or low level) potential and a second circuit for
holding a low level (or high level) potential. A semiconduc-
tor layer of a transistor included in each of the first and
second circuits is an oxide semiconductor layer. The second
circuit is reset when being supplied with the high level
potential. Whether the high level potential held in the second
circuit changes is controlled by a data voltage supplied to the
first circuit. The potential held in the first circuit and the
potential held in the second circuit are respectively supplied
to a first transistor and a second transistor.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/582,248, filed Dec. 24, 2014, now allowed,
which claims the benefit of a foreign priority application
filed in Japan as Serial No. 2013-270825 on Dec. 27, 2013,
both of which are incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] One embodiment of the present invention relates to
adisplay device, in particular, a liquid crystal display device.
[0003] Note that one embodiment of the present invention
is not limited to the above technical field. The technical field
of the invention disclosed in this specification and the like
relates to an object, a method, or a manufacturing method.
Furthermore, the present invention relates to a process, a
machine, manufacture, or a composition of matter. Specifi-
cally, examples of the technical field of one embodiment of
the present invention disclosed in this specification include
a semiconductor device, a display device, a light-emitting
device, a power storage device, a storage device, a method
for driving any of them, and a method for manufacturing any
of them.

2. Description of the Related Art

[0004] To reduce power consumption, a reflective liquid
crystal display device provided with a memory in each pixel
has been proposed (see Patent Document 1).

REFERENCE
Patent Document

[Patent Document 1] Japanese Published Patent Application
No. 2005-236814

SUMMARY OF THE INVENTION

[0005] In the case where a memory equivalent to a static
random access meniory (SRAM) is provided in a pixel as
disclosed in Patent Document 1, miniaturization of transis-
tors constituting the SRAM is required as pixel resolution
increases. This leads to a higher leakage current of the
transistors, which causes difficulty in reducing power con-
sumption.

[0006] In view of the above, an object of one embodiment
of the present invention is to provide a low-power liquid
crystal display device or the like having a novel structure.
Another object of one embodiment of the present invention
1s to provide a liquid crystal display device or the like having
a novel structure which allows a reduction in the off-state
current flowing through a transistor in a pixel. Another
object of one embodiment of the present invention is to
provide a novel liquid crystal display device or the like.
[0007] Note that the objects of the present invention are
not limited to the above objects. The above objects do not
disturb the existence of other objects. The other objects are
objects that are not described above and will be described
below. The other objects will be apparent from and can be
derived as appropriate from the description of the specifi-
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cation, the drawings, and the like by those skilled in the art.
One embodiment of the present invention achieves at least
one of the above objects and/or the other objects.

[0008] One embodiment of the present invention is a
liquid crystal display device including a pixel provided with
a first circuit capable of holding one of a first potential and
a second potential of a data voltage, a second circuit capable
of holding the other potential of the data voltage, a first
transistor, and a second transistor. The one potential of the
data voltage is supplied to a gate of the first transistor, and
the other potential of the data voltage is supplied to a gate
of the second transistor. One of a source and a drain of each
of the first and second transistors is electrically connected to
a conductive layer serving as a pixel electrode, the other of
the source and the drain of the first transistor is electrically
connected to a wiring supplied with a signal allowing light
to pass through a liquid crystal layer, and the other of the
source and the drain of the second transistor is electrically
connected to a wiring supplied with a signal preventing light
from passing through the liquid crystal layer. A semicon-
ductor layer of a transistor included in each of the first and
second circuits is an oxide semiconductor layer.

[0009] One embodiment of the present invention is a
liquid crystal display device including a pixel provided with
a first circuit capable of holding one of a first potential and
a second potential of a data voltage, a second circuit capable
of holding the other potential of the data voltage, a first
transistor, and a second transistor. The one potential of the
data voltage is supplied to a gate of the first transistor, and
the other potential of the data voltage is supplied to a gate
of the second transistor. One of a source and a drain of each
of the first and second transistors is electrically connected to
a conductive layer serving as a pixel electrode, the other of
the source and the drain of the first transistor is electrically
connected to a wiring supplied with a signal allowing light
to pass through a liquid crystal layer, and the other of the
source and the drain of the second transistor is electrically
connected to a wiring supplied with a signal preventing light
from passing through the liquid crystal layer. The first
potential is higher than the second potential. The first circuit
is controlled so that the second potential is held when a scan
signal is supplied and the first or second potential is held
when the data voltage is then applied to the first circuit. The
second circuit is controlled so that the first potential is held
when a reset signal is supplied and a potential different from
that held in the first circuit is held when the data voltage is
then applied to the first circuit. A semiconductor layer of a
transistor included in each of the first and second circuits is
an oxide semiconductor layer.

[0010] According to one embodiment of the present inven-
tion, it is possible to provide a low-power liquid crystal
display device or the like having a novel structure. Alterna-
tively, according to one embodiment of the present inven-
tion, it is possible to provide a liquid crystal display device
or the like having a novel structure which allows a reduction
in the off-state current flowing through a transistor in a pixel.
Alternatively, according to one embodiment of the present
invention, it is possible to provide a novel liquid crystal
display device or the like.

[0011] Note that the effects of the present invention are not
limited to the above effects. The above effects do not disturb
the existence of other effects. The other effects are effects
that are not described above and will be described below.
The other effects will be apparent from and can be derived
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as appropriate from the description of the specification, the
drawings, and the like by those skilled in the art. One
embodiment of the present invention has at least one of the
above effects and/or the other effects. Accordingly, one
embodiment of the present invention does not have the
above effects in some cases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In the accompanying drawings:

[0013] FIG. 1A is a circuit diagram illustrating one
embodiment of the present invention, and FIG. 1B is a
timing chart thereof;

[0014] FIGS. 2A and 2B are circuit diagrams illustrating
one embodiment of the present invention;

[0015] FIGS. 3A and 3B are circuit diagrams illustrating
one embodiment of the present invention;

[0016] FIGS. 4A and 4B are schematic views of wave-
forms illustrating one embodiment of the present invention;
[0017] FIG. 5 is a block diagram illustrating one embodi-
ment of the present invention;

[0018] FIGS. 6A to 6C are block diagrams each illustrat-
ing one embodiment of the present invention;

[0019] FIG. 7 is a circuit diagram illustrating one embodi-
ment of the present invention;

[0020] FIG. 8 is a circuit diagram illustrating one embodi-
ment of the present invention;

[0021] FIGS. 9A and 9B are cross-sectional schematic
views each illustrating one embodiment of the present
invention;

[0022] FIGS. 10A to 10C are cross-sectional schematic
views each illustrating one embodiment of the present
invention;

[0023] FIGS. 11A and 11B are conceptual diagrams illus-
trating examples of a driving method of a liquid crystal
display device;

[0024] FIG. 12 illustrates a display module;

[0025] FIGS. 13A to 13H are external views of electronic
devices of one embodiment;

[0026] FIGS. 14A to 14H are external views of electronic
devices of one embodiment;

[0027] FIGS. 15A to 15C are cross-sectional TEM images
and a local Fourier transform image of an oxide semicon-
ductor;

[0028] FIGS. 16A and 16B show nanobeam electron dif-
fraction patterns of oxide semiconductor films, and FIGS.
16C and 16D illustrate an example of a transmission elec-
tron diffraction measurement apparatus;

[0029] FIG. 17A shows an example of structural analysis
by transmission electron diffraction measurement, and
FIGS. 17B and 17C show planar TEM images;

[0030] FIG. 18 is a circuit diagram illustrating one
embodiment of the present invention;

[0031] FIG. 19 is a circuit diagram illustrating one
embodiment of the present invention;

[0032] FIG. 20 is a circuit diagram illustrating one
embodiment of the present invention;

[0033] FIG. 21 is a circuit diagram illustrating one
embodiment of the present invention;

[0034] FIGS. 22A and 22B are circuit diagrams illustrat-
ing one embodiment of the present invention; and

[0035] FIG. 23 is a circuit diagram illustrating one
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0036] Embodiments will be described below with refer-
ence to the drawings. Note that the embodiments can be
implemented in various different ways and it will be readily
appreciated by those skilled in the art that modes and details
of the present invention can be modified in various ways
without departing from the spirit and scope of the present
invention. The present invention therefore should not be
construed as being limited to the following description of the
embodiments. Note that in structures of the invention
described below, reference numerals denoting the same
portions are used in common in different drawings.

[0037] Inthe drawings, the size, the layer thickness, or the
region is exaggerated for clarity in some cases. Thus,
embodiments of the present invention are not limited to such
scales. Note that the drawings are schematic views showing
ideal examples, and embodiments of the present invention
are not limited to shapes or values shown in the drawings.
For example, the following can be included: variation in
signal, voltage, or current due to noise or difference in
timing.

[0038] In this specification and the like, a transistor is an
element having at least three terminals: a gate, a drain, and
a source. The transistor includes a channel region between
the drain (a drain terminal, a drain region, or a drain
electrode) and the source (a source terminal, a source region,
or a source electrode) and current can flow through the drain,
the channel region, and the source.

[0039] Here, since the source and the drain of the transis-
tor change depending on the structure, the operating condi-
tion, and the like of the transistor, it is difficult to define
which is a source or a drain. Thus, a region that functions as
a source or a region that functions as a drain is not referred
to as a source or a drain in some cases. In that case, one of
the source and the drain might be referred to as a first
terminal, and the other of the source and the drain might be
referred to as a second terminal.

[0040] 1In this specification, ordinal numbers such as “first,
” “second,” and “third” are used to avoid confusion among
components, and thus do not limit the number of the
components.

[0041] In this specification, the expression “A and B are
connected” means the case where “A and B are electrically
connected” in addition to the case where “A and B are
directly connected.” Here, the expression “A and B are
electrically connected” means the case where electric signals
can be transmitted and received between A and B when an
object having any electric action exists between A and B.
[0042] In this specification, terms for describing arrange-
ment, such as “over” and “under,” are used for convenience
for describing the positional relationship between compo-
nents with reference to drawings. Furthermore, the posi-
tional relationship between components is changed as appro-
priate 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.

[0043] The positional relationships of circuit blocks in
diagrams are specified for description, and even in the case
where different circuit blocks have different functions in the
diagrams, the different circuit blocks might be provided in
an actual circuit or region so that different functions are
achieved in the same circuit block. The functions of circuit
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blocks in diagrams are specified for description, and even in
the case where one circuit block is illustrated, blocks might
be provided in an actual circuit or region so that processing
performed by one circuit block is performed by a plurality
of circuit blocks.

[0044] Voltage refers to a difference between a given
potential and a reference potential (e.g., a ground potential)
in many cases. Thus, voltage, a potential, and a potential
difference can also be referred to as a potential, voltage, and
a voltage difference, respectively. Note that 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.

[0045] Note that in general, a potential and voltage are
relative values. Thus, a ground potential is not always 0 V.
[0046] In this specification and the like, the term “parallel”
indicates that an angle formed between two straight lines is
-10° to 10°, and accordingly includes the case where the
angle is -5° to 5°. In addition, the term “perpendicular”
indicates that an angle formed between two straight lines is
80° to 100°, and accordingly includes the case where the
angle is 85° to 95°.

[0047] In this specification and the like, trigonal and
rhombohedral crystal systems are included in a hexagonal
crystal system.

Embodiment 1

[0048] In this embodiment, a liquid crystal display device
that is one embodiment of the present invention will be
described with reference to drawings.

[0049] Note that the liquid crystal display device might
also be referred to as a display module including a display
controller, a power supply circuit, a backlight unit, and the
like provided over a separate substrate.

[0050] FIG. 1A s a circuit diagram of a pixel 10 included
in the liquid crystal display device. FIG. 1B is a timing chart
showing the operation of the pixel 10.

[0051] The pixel 10 illustrated in FIG. 1A includes a first
circuit 11, a second circuit 13, a transistor 15, a transistor 17,
and a liquid crystal element 14.

[0052] The first circuit 11 includes a transistor 23 and a
capacitor 25.
[0053] The second circuit 13 includes a transistor 27, a

transistor 29, and a capacitor 31.

[0054] The transistor 15 is turned on or off when a
potential held in the first circuit 11 is supplied to its gate. The
transistor 17 is turned on or off when a potential held in the
second circuit 13 is supplied to its gate. Note that the
transistor 15 and the transistor 17 are also referred to as a
first transistor and a second transistor, respectively, in some
cases.

[0055] One of a source and a drain of the transistor 15, and
one of a source and a drain of the transistor 17 are connected
to one electrode of the liquid crystal element 14. Note that
the one electrode of the liquid crystal element 14 is a
conductive layer serving as a pixel electrode. The other
electrode of the liquid crystal element 14 has a function as
a common electrode to which a common voltage (Vcom) is
applied.

[0056] The other of the source and the drain of the
transistor 15 is electrically connected to a wiring 19 supplied
with a signal that allows light to pass through a liquid crystal
layer. Note that when the transistor 15 is on, a voltage V1
applied to the wiring 19 controls the alignment of the liquid
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crystal layer between the electrodes of the liquid crystal
element 14 so that light is transmitted. The electric field
generated between the common voltage Vcom and the
voltage V1 may be either a positive electric field or a
negative electric field. For example, a signal varying around
the common voltage may be supplied as the voltage V1 so
that the positive electric field and the negative electric field
are alternately applied.

[0057] The other of the source and the drain of the
transistor 17 is electrically connected to a wiring 21 supplied
with a signal that prevents light from passing through the
liquid crystal layer. Note that when the transistor 17 is on, a
voltage V2 applied to the wiring 21 controls the alignment
of the liquid crystal layer between the electrodes of the
liquid crystal element 14 so that light is not transmitted. The
common voltage Vcom is equal to the voltage V2. When the
common voltage Vcom is a constant voltage, a signal
supplied to the wiring 21 also has a constant voltage. When
the common voltage Vcom is a varying signal, the signal
supplied to the wiring 21 varies similarly.

[0058] The one of the pair of electrodes of the liquid
crystal element 14 has a potential based on a data signal. The
other of the pair of electrodes of the liquid crystal element
14 has a common potential (Vcom).

[0059] The liquid crystal element 14 is an element that has
a function of controlling transmission or non-transmission of
light utilizing an optical modulation action of liquid crystal.
Note that the optical modulation action of the liquid crystal
is controlled by an electric field applied to the liquid crystal
(including a horizontal electric field, a vertical electric field,
and a diagonal electric field). Examples of the liquid crystal
element 14 are a nematic liquid crystal, a cholesteric liquid
crystal, a smectic liquid crystal, a thermotropic liquid crys-
tal, a lyotropic liquid crystal, a ferroelectric liquid crystal,
and an anti-ferroelectric liquid crystal.

[0060] The display device including the liquid crystal
element 14 can be driven by any of the following modes: a
TN mode, a VA mode, an ASM (axially symmetric aligned
micro-cell) mode, an OCB (optically compensated birefrin-
gence) mode, an MVA mode, a PVA (patterned vertical
alignment) mode, an IPS mode, an FFS mode, a TBA
(transverse bend alignment) mode, and the like. Note that
one embodiment of the present invention is not limited to the
above, and various liquid crystal elements and driving
methods can be used.

[0061] The liquid crystal element may be formed using a
liquid crystal composition including liquid crystal exhibiting
a blue phase and a chiral material. The liquid crystal
exhibiting a blue phase has a short response time of 1 msec
or less and is optically isotropic; therefore, alignment treat-
ment is not necessary and viewing angle dependence is
small.

[0062] Note that in one embodiment of the present inven-
tion, the electrode serving as the pixel electrode of the liquid
crystal element 14 preferably has a function of reflecting
external light. In other words, the liquid crystal display
device is preferably a reflective liquid crystal display device.
The use of external light for making displayed images
visible reduces the power consumed by a backlight, result-
ing in lower power consumption. Note that the electrode
serving as the pixel electrode of the liquid crystal element 14
may be a light-transmitting electrode, or a combination of a
light-transmitting electrode and an electrode reflecting exter-
nal light.
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[0063] The first circuit 11 is controlled so that a second
potential is held when a scan signal is supplied and either a
first potential or the second potential is held when a data
voltage Vsig based on the data signal is then applied to the
first circuit 11.

[0064] The second circuit 13 is controlled so that the first
potential is held when a reset signal is supplied and a
potential that is different from the potential held in the first
circuit 11 is held when the data voltage Vsig is then applied
to the first circuit 11.

[0065] Note that the first potential is based on a high
power supply potential Vdd, whereas the second potential is
based on a low power supply potential Vss. In other words,
the data signal is a two-level signal and the data voltage Vsig
is a two-level voltage. Note that the first potential is higher
than the second potential.

[0066] Note that the first potential is preferably higher
than a potential supplied as the signal that allows light to
pass through the liquid crystal layer. The second potential is
preferably lower than the potential supplied as the signal that
allows light to pass through the liquid crystal layer. With
such a structure, the transistors 15 and 17 can be turned on
or off more surely.

[0067] The transistor 23 controls writing of a data voltage
to the first circuit 11 and holding of the data voltage therein.
A gate of the transistor 23 is connected to a wiring 33 to
which a voltage Vg based on a scan signal is applied. One
of a source and a drain of the transistor 23 is connected to
a wiring 35 to which the data voltage Vsig based on a data
signal is applied. The other of the source and the drain of the
transistor 23 is connected to the gate of the transistor 15, one
electrode of the capacitor 25, and a gate of the transistor 27.
The transistor 23 is also referred to as a third transistor.
[0068] Note that in the following description, a node at
which the other of the source and the drain of the transistor
23, the gate of the transistor 15, the one electrode of the
capacitor 25, and the gate of the transistor 27 are connected
one another is referred to as a node A (NodeA). Note that the
node A allows one of the first and second potentials written
by the application of the data voltage Vsig to be held in the
first circuit 11.

[0069] The capacitor 25 allows one of the first and second
potentials written by the application of the data voltage Vsig
to be held in the first circuit 11. The capacitor 25 can be
omitted in the case where the transistor 15 or 27 has a large
gate capacitance or the node A has a large parasitic capaci-
tance; an example of that case is illustrated in FIG. 20. Note
that the capacitor 25 is also referred to as a first capacitor.
Although the other electrode of the capacitor 25 is connected
to a wiring 37 supplied with the second potential in FIG. 1A,
the other electrode of the capacitor 25 may be connected to
any wiring supplied with a fixed potential, e.g., a wiring 41
supplied with the first potential, or the wiring 21 as illus-
trated in FIG. 18.

[0070] By the control of the transistor 27, the first or
second potential that is different from the potential held in
the first circuit 11 is held in the second circuit 13. The gate
of the transistor 27 is connected to the other of the source
and the drain of the transistor 23, the gate of the transistor
15, and the one electrode of the capacitor 25, i.e., the node
A. One of a source and a drain of the transistor 27 is
connected to the wiring 37 supplied with the second poten-
tial. The other of the source and the drain of the transistor 27
is connected to the gate of the transistor 17, one electrode of
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the capacitor 31, and the other of a source and a drain of the
transistor 29. The transistor 27 is also referred to as a fifth
transistor.

[0071] Note that in the following description, a node at
which the other of the source and the drain of the transistor
27, the gate of the transistor 17, the one electrode of the
capacitor 31, and the other of the source and the drain of the
transistor 29 are connected one another is referred to as a
node B (NodeB). Note that the node B allows the other of
the first and second potentials written by the application of
the data voltage Vsig to be held in the second circuit 13.
[0072] The capacitor 31 allows the other of the first and
second potentials written by the application of the data
voltage Vsig to be held in the second circuit 13. The
capacitor 31 can be omitted in the case where the transistor
17 has a large gate capacitance or the node B has a large
parasitic capacitance; an example of that case is illustrated
in FIG. 20. Note that the capacitor 31 is also referred to as
a second capacitor. Although the other electrode of the
capacitor 31 is connected to the wiring 37 supplied with the
second potential, the other electrode of the capacitor 31 may
be connected to a wiring supplied with a fixed potential, e.g.,
the wiring 41 supplied with the first potential. Note that
different potentials may be supplied to the other electrode of
the capacitor 31 and the other electrode of the capacitor 25;
an example of that case is illustrated in FIG. 19.

[0073] By the control of the transistor 29, the node B is
reset (initialized) to the first potential in advance so that the
first or second potential that is different from the potential
held in the first circuit 11 is held in the second circuit 13. A
gate of the transistor 29 is connected to a wiring 39 supplied
with a voltage Vres based on a reset signal of the transistor
29. One of the source and the drain of the transistor 29 is
connected to the wiring 41 supplied with the first potential.
The other of the source and the drain of the transistor 29 is
connected to the gate of the transistor 17, the one electrode
of the capacitor 31, and the other of the source and the drain
of the transistor 27. The transistor 29 is also referred to as a
fourth transistor.

[0074] 1In order that charge keeps being held at the node A
and the node B, each of the transistors 15,17, 23, 27, and 29
in the pixel 10 is preferably a transistor with a low off-state
current (a low current flowing between a source and a drain
in a non-conductive state). Accordingly, a semiconductor
layer that includes a channel formation region in each of the
transistors 15, 17, 23, 27, and 29 is preferably, for example,
a semiconductor layer including an oxide semiconductor.
Note that one embodiment of the present invention is not
limited to this example. The semiconductor layer may
include amorphous silicon, polycrystalline silicon, single
crystal silicon, or the like.

[0075] Note that the term “low off-state current” means
that a normalized off-state current per micrometer of a
channel width at room temperature with a source-drain
voltage of 10 V is less than or equal to 10 zA. The oxide
semiconductor will be described later in detail.

[0076] Note that FIG. 1A shows an example in which only
N-channel transistors are used; however, one embodiment of
the present invention is not limited to this example. FIG. 23
shows an example in which only P-channel transistors are
used.

[0077] With the aforementioned pixel structure in the
liquid crystal display device that is one embodiment of the
present invention, a potential corresponding to data can be
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held in the pixel while charge is consumed as little as
possible unlike in an SRAM. Furthermore, with the pixel
structure of the liquid crystal display device that is one
embodiment of the present invention, a liquid crystal ele-
ment is not directly connected to a node where charge is
held. This reduces the leakage of charge through the liquid
crystal element, preventing data loss and reducing power
consumption.

[0078] Also with the pixel structure in the liquid crystal
display device that is one embodiment of the present inven-
tion, a written data voltage can be held during the period
almost equal to that in an SRAM. Hence, the operation of a
driver circuit can be stopped when a still image is displayed,
whereby the power consumption can be reduced.

[0079] Also with the pixel structure in the liquid crystal
display device that is one embodiment of the present inven-
tion, the power consumed by a backlight can be reduced
because a reflective liquid crystal display device is used. In
the reflective liquid crystal display device, transistors in a
pixel can be provided to overlap with a pixel electrode.
Therefore, even when the number of transistors in the pixel
increases, the pixel size is not reduced and display quality
can be maintained.

[0080] Next, the operation of the pixel illustrated in FIG.
1A will be described with reference to a timing chart in FIG.
1B. The timing chart in FIG. 1B shows the operation in a
reset period (initialization period), a blank period, and a data
voltage writing period. In addition, possible conductive
states of the transistors in each period are illustrated in FIGS.
2A and 2B and FIGS. 3A and 3B, and described with the
timing chart. Note that each signal is a two-level signal; thus,
in the drawings, a high level signal and a low level signal are
abbreviated to as H and L, respectively. In the following
description, it is assumed that the first potential and the
second potential of the data voltage Vsig are at the high level
and the low level, respectively.

[0081] FIGS. 2A and 2B and FIGS. 3A and 3B also
illustrate changes in the potential at the aforementioned node
A (NodeA) and node B (NodeB), and also illustrate a change
in the potential of the one electrode of the liquid crystal
element 14 (NodeL.C). Furthermore, in FIGS. 2A and 2B and
FIGS. 3A and 3B, the transistors 15, 17, 23, 27, and 29 are
marked by X when being off

[0082] First, in the reset period (Tres in FIG. 1B and FIG.
2A), the voltage Vg based on a scan signal is at the high level
(denoted by H in the drawings). the voltage Vres based on
a reset signal is at the high level, and the data voltage based
on a data signal is at the low level (denoted by L in the
drawings). Thus, the transistors 23 and 29 are turned on, so
that the node A and the node B are at the low level and the
high level, respectively. Moreover, the node NodeLLC has the
voltage V2 because the transistor 17 is turned on.

[0083] The blank period is not necessarily provided if the
operation is performed smoothly.

[0084] In the blank period (Tb in FIG. 1B and FIG. 2B),
the voltage Vg based on a scan signal is at the high level, the
voltage Vres based on a reset signal is at the low level, and
the data voltage based on a data signal is at the low level.
Thus, the transistor 23 is on, so that the node A is kept at the
low level and the node B is kept at the high level. Moreover,
the node NodelLC has the voltage V2 because the transistor
17 is kept on.

[0085] Then, the data voltage writing period is described.
First, description is made on the case where the data voltage
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Vsig based on a data signal is at the high level. In the data
voltage writing period at the time when the data voltage Vsig
is at the high level (Tsig(H) in FIG. 1B and FIG. 3A), the
voltage Vg based on a scan signal is at the high level, the
voltage Vres based on a reset signal is at the low level, and
the data voltage based on a data signal is at the high level.
Thus, the transistors 23 and 27 are turned on, so that the node
A and the node B are at the high level and the low level,
respectively. Moreover, the node NodeL.C has the voltage
V1 because the transistor 15 is turned on.

[0086] Next, description is made on the data voltage
writing period at the time when the data voltage Vsig based
on a data signal is at the low level. In the data voltage writing
period at the time when the data voltage Vsig is at the low
level (Tsig(L) in FIG. 1B and FIG. 3B), the voltage Vg based
on a scan signal is at the high level, the voltage Vres based
on a reset signal is at the low level, and the data voltage
based on a data signal is at the low level. Thus, the transistor
23 is on, so that the node A is at the low level and the node
B is at the high level. Moreover, the node NodeLC has the
voltage V2 because the transistor 17 is turned on.

[0087] Note that the data voltage that has been written in
the data voltage writing period can be maintained until
another reset signal or scan signal is supplied. To achieve
this, for example, in the case where the node A is kept at the
high level, the voltage based on a scan signal is set at the low
level so that the transistor 23 is turned off. In that case, the
transistor 27 is on and the node B can be kept at the low
level, which is opposite to the level of the node A.

[0088] In the case where the node A is kept at the low
level, the voltage based a scan signal is set at the low level
so that the transistor 23 is turned off. In that case, the
transistors 27 and 29 are also off and the node B can be kept
at the high level, which is opposite to the level of the node
A.

[0089] In aperiod during which the data voltage written in
the data voltage writing period is held, charge held in the
node A and the node B hardly moves when the transistors 23,
27, and 29 each have a low offstate current. Accordingly,
when the conductive states of the transistors 15 and 17 are
kept, an image continues to be displayed even when a data
signal is not written. In that case, a driver circuit for
supplying a data signal to a pixel, a driver circuit for
supplying a scan signal to the pixel, and a driver circuit for
supplying a reset signal to the pixel can be stopped operat-
ing, reducing power consumption.

[0090] In the aforementioned operation of the pixel in the
liquid crystal display device that is one embodiment of the
present invention, a potential corresponding to data can be
held in the pixel as data with different values of two nodes.
Also in the operation of the pixel of one embodiment of the
present invention, data can be stored in a manner similar to
that in an SRAM. In addition, an increase in power con-
sumption with miniaturization, which is caused in an
SRAM, can be prevented, and charge therefore can be
consumed as little as possible.

[0091] Note that one embodiment of the present invention
is not limited to the circuit structure illustrated in FIG. 1A.
Circuit structures other than the structure in FIG. 1A may be
employed when, for example, the connection structure is as
shown in FIG. 21 in the reset period and is as shown in FIG.
22A or FIG. 22B in the data voltage writing period.
[0092] Also in the operation of the pixel in the liquid
crystal display device that is one embodiment of the present
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invention, a written data voltage can be held in the first
circuit and the second circuit equivalent to an SRAM.
Hence, the operation of a driver circuit can be stopped when
a still image is displayed, whereby the power consumption
can be reduced.

[0093] FIGS. 4A and 4B are schematic views of signal
waveforms showing examples of the voltage V1 based on a
signal allowing light to pass through a liquid crystal layer
and the voltage V2 based on a signal preventing light from
passing through the liquid crystal layer.

[0094] As shown in FIG. 4A, the voltage V1 based on the
signal allowing light to pass through the liquid crystal layer
may be generated so as to vary between a potential VH and
a potential VL. with a potential Vc therebetween every
frame. Such a structure reduces degradation of liquid crys-
tals contained in the liquid crystal layer. The common
voltage Vcom and the voltage V2 based on the signal
preventing light from passing through the liquid crystal layer
may be generated so as to be equal to each other, here, they
have the potential Vec.

[0095] The highest potential VH of the voltage V1 is
preferably lower than the first potential supplied to the node
A and the node B, namely, the potential Vdd. Furthermore,
in one embodiment of the present invention, the lowest
potential VL of the voltage V1 is preferably higher than the
potential Vss, which is the second potential supplied to the
node A and the node B. With such a structure, the transistors
15 and 17 can be turned on or off more surely.

[0096] Note that the voltage V1, the voltage V2, and the
common voltage Vcom may each vary as shown in FIG. 4B.
In that case, the signal amplitude can be lower than that in
the case of FIG. 4A even when the same voltage is applied
to liquid crystals, reducing power consumption.

[0097] FIG. 5 s a block diagram of a liquid crystal display
device including the aforementioned pixel 10.

[0098] The display device illustrated in FIG. 5 includes a
pixel portion 43, a scan line driver circuit 45, a reset signal
line driver circuit 57, a signal line driver circuit 47 provided
with a sampling circuit 51 and a shift register 49, n (n is a
natural number) scan lines G1 to Gn which are parallel or
substantially parallel to each other and whose potentials are
controlled by the scan line driver circuit 45, n reset signal
lines R1 to Rn which are parallel or substantially parallel to
each other and whose potentials are controlled by the reset
signal line driver circuit 57, and m (m is a natural number)
signal lines S1 to Sm which are parallel or substantially
parallel to each other and whose potentials are controlled by
the signal line driver circuit 47. The pixel portion 43
includes a plurality of pixels 10 arranged in a matrix. The
pixels are connected to a wiring VL1 and a wiring VL2
which supply a voltage V1 and V2, respectively, output from
a voltage generator circuit 55.

[0099] The sampling circuit 51 is supplied with sampling
signals Samp_1 to Samp_m output from the shift register 49,
and a data signal Vdata output from a digital data generator
circuit 53. A data voltage Vsig based on the data signal
Vdata is sampled in the signal lines S1 to Sm and written to
each pixel when the scan signal is selected. Note that the
data signal Vdata is a two-level voltage signal obtained
when image data (data) is converted in the digital data
generator circuit 53.

[0100] Although the data signal Vdata is a two-level
voltage signal in the following description, a three or more
level image can also be displayed by combining another
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grayscale method. For example, an area grayscale method
may be used in combination to display a multi-level image.
In that case, each of the pixels 10 serves as a subpixel.
[0101] In the case where a multi-level image is displayed
by the area grayscale method, subpixels are disposed, for
example, as shown in FIGS. 6A to 6C. In the case where, for
example, pixels performing color display are used in com-
bination with the area grayscale method, subpixels 44_0 and
44_1 with different areas are provided for each color, red,
green, and blue (RGB). Although the subpixels with differ-
ent areas are used in FIG. 6A, all the subpixels may have the
same area as illustrated in FIG. 6B and grayscale display
may be performed by weighting the area where light passes.
Instead of the structures illustrated in FIGS. 6A and 6B,
which include the RGB subpixels, a structure including
white (W) subpixels in addition to RGB subpixels can be
employed to perform grayscale display as shown in FIG. 6C.
[0102] In the above description, the liquid crystal element
is described as an example of the display element; a different
display element can also be used in the pixel of the display
device in one embodiment of the present invention.

[0103] FIG. 7 illustrates a pixel 10EL as another example.
The pixel 10EL is provided in a display device that includes
a light-emitting element 59 instead of the liquid crystal
element 14 in the pixel 10 illustrated in FIG. 1A.

[0104] One of a pair of electrodes of the light-emitting
element 59 is connected to one of the source and the drain
of each of the transistors 15 and 17. The other electrode of
the light-emitting element 59 is connected to a wiring Vcat
serving as a cathode. Examples of the light-emitting element
59 include an organic electroluminescent element (also
referred to as an organic EL element). Note that the light-
emitting element 59 is not limited to the organic EL element
and may be an inorganic EL element containing an inorganic
material.

[0105] Note that although FIG. 7 illustrates an example in
which the light-emitting element 59 is used as a display
element, one embodiment of the present invention is not
limited thereto. Any of a variety of display elements can be
used. Examples of display elements include elements
including a display medium whose contrast, luminance,
reflectance, transmittance, or the like is changed by electro-
magnetic action, such as an electroluminescent (EL) element
(e.g., an EL element including organic and inorganic mate-
rials, an organic EL element, or an inorganic EL element), an
LED (e.g., a white LED, a red LED, a green LED, or a blue
LED), a transistor (a transistor that emits light depending on
current), an electron emitter, a liquid crystal element, elec-
tronic ink, an electrophoretic element, a grating light valve
(GLV), a plasma display panel (PDP), or a display element
using a micro electro mechanical system (MEMS), a digital
micromirror device (DMD), a digital micro shutter (DMS),
an interferometric modulator (IMOD) element, a MEMS
shutter display element, an optical-interference-type MEMS
display element, an electrowetting element, a piezoelectric
ceramic display, and a carbon nanotube. Examples of dis-
play devices including EL elements include an EL display.
Examples of display devices including electron emitters are
a field emission display (FED) and an SED-type flat panel
display (SED: surface-conduction electron-emitter display).
Examples of display devices including liquid crystal ele-
ments include a liquid crystal display (e.g., a transmissive
liquid crystal display, a transflective liquid crystal display, a
reflective liquid crystal display, a direct-view liquid crystal
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display, or a projection liquid crystal display). Examples of
a display device using electronic ink or electrophoretic
elements include electronic paper. In a transflective liquid
crystal display or a reflective liquid crystal display, some of
or all of pixel electrodes function as reflective electrodes.
For example, some or all of pixel electrodes are formed to
contain aluminum, silver, or the like. In such a case, a
memory circuit such as SRAM can be provided under the
reflective electrodes, leading to lower power consumption.
[0106] In the above description, the pixel is used for
displaying a two-level image; however, in the case where a
multi-level image is displayed, the pixel may be switched to
another pixel to perform display. For example, as shown in
FIG. 8, a pixel 10B is provided adjacent to a pixel 10A which
corresponds to the pixel 10 illustrated in FIG. 1A. The
connection between the liquid crystal element 14 and the
pixel 10A or 10B is changed by a switch 69.

[0107] The pixel 10B includes a transistor 61 and a
capacitor 63, thereby having a so-called one-transistor and
one-capacitor structure. The transistor 61 is used as a switch.
The transistor 61 is turned on or off depending on a scan
signal VgB which is supplied to a wiring 65 connected to a
gate of the transistor 61. One of a source and a drain of the
transistor 61 is connected to a wiring 67 supplied with a data
voltage Vsig (Ana.) with an analog value. When the switch
69 is switched and the data voltage Vsig (Ana.) is written to
the capacitor 63 connected to the other of the source and the
drain of the transistor 61, multi-level display can be per-
formed.

[0108] In the aforementioned liquid crystal display device
that is one embodiment of the present invention, a potential
corresponding to data can be held in a pixel without being
influenced by charge leakage unlike in an SRAM. With the
pixel structure of one embodiment of the present invention,
a node allowing charge to be held is not directly connected
to a liquid crystal element but is connected to a transistor
including a semiconductor layer using an oxide semicon-
ductor. This reduces the leakage of charge through the liquid
crystal element, preventing data loss and reducing power
consumption.

[0109] Also in the liquid crystal display device that is one
embodiment of the present invention, a written data voltage
can be held in a circuit where data can be held during the
period almost equal to that in an SRAM. Hence, the opera-
tion of a driver circuit can be stopped when a still image is
displayed, whereby the power consumption can be reduced.
[0110] In addition, the liquid crystal display device that is
one embodiment of the present invention is a reflective
liquid crystal display device; accordingly, the power con-
sumed by a backlight can be reduced. In the reflective liquid
crystal display device, transistors in a pixel can be provided
to overlap with a pixel electrode. Therefore, even when the
number of transistors in the pixel increases, the pixel size is
not reduced and display quality can be maintained.

[0111] The structures shown in this embodiment can be
used in appropriate combination with any of the structures
shown in the other embodiments.

Embodiment 2

[0112] Described in this embodiment are examples of
schematic cross-sectional structures that can be used for the
liquid crystal display device described above. Here, struc-
ture examples of the schematic cross-section of the liquid
crystal display device will be described with reference to
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cross-sectional views of FIGS. 9A and 9B. FIGS. 9A and 9B
show examples of the cross-sectional views of a reflective
liquid crystal display device.

[0113] The cross-sectional schematic view of FIG. 9A
illustrates an element substrate 71, a transistor 73, a con-
ductive layer 75 serving as a pixel electrode, a depression
and projection portion 77, a liquid crystal 79, a counter
substrate 81, a coloring layer 83, a light-shielding layer 85,
an insulating layer 87, a conductive layer 89 serving as a
counter electrode, and a polarizing plate 91.

[0114] FIG. 9B illustrates a structure different from that in
the cross-sectional schematic view of FIG. 9A. In FIG. 9B,
a light diffusion layer 93 is provided between the counter
substrate 81 and the polarizing plate 91 in addition to the
components illustrated in FIG. 9A. Such a structure is
preferable because the depression and projection portion 77,
which is formed by processing a surface of a conductive
layer, can be omitted.

[0115] The components illustrated in FIGS. 9A and 9B
will be described below.

[0116] There is no particular limitation on a material and
the like of the element substrate 71 and the counter substrate
81 as long as the material has heat resistance high enough to
withstand at least heat treatment performed later. For
example, a glass substrate, a ceramic substrate, a quartz
substrate, or a sapphire substrate may be used as the element
substrate 71 and the counter substrate 81. In the case where
a glass substrate is used as the element substrate 71 and the
counter substrate 81, a glass substrate having any of the
following sizes can be used: the 6th generation (1500
mmx1850 mm), the 7th generation (1870 mmx2200 mm),
the 8th generation (2200 mmx2400 mm), the 9th generation
(2400 mmx2800 mm), and the 10th generation (2950
mmx3400 mm). Thus, a large-sized liquid crystal display
device can be manufactured.

[0117] Alternatively, a flexible substrate may be used as
the element substrate 71, and the transistor may be provided
directly on the flexible substrate. A separation layer may be
provided between the element substrate 71 and the transis-
tor. The separation layer can be used when part or the whole
of an element portion formed over the separation layer is
completed, separated from the element substrate 71, and
transferred to another substrate. In such a case, the transistor
can be transferred to a substrate having low heat resistance
or a flexible substrate as well.

[0118] That is, the transistor can be formed using a variety
of substrates. There is no particular limitation on the type of
a substrate. Examples of the substrate include a semicon-
ductor substrate (e.g., a single crystal substrate or a silicon
substrate), an SOI substrate, a glass substrate, a quartz
substrate, a plastic substrate, a metal substrate, a stainless
steel substrate, a substrate including stainless steel foil, a
tungsten substrate, a substrate including tungsten foil, a
flexible substrate, an attachment film, paper including a
fibrous material, and a base material film. Examples of a
glass substrate include a barium borosilicate glass substrate,
an aluminoborosilicate glass substrate, and a soda lime glass
substrate. Examples of a flexible substrate, an attachment
film, and a base material film include plastics typified by
polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), and polyether sulfone (PES); a synthetic resin of
acrylic or the like; a film made of polypropylene, polyester,
polyvinyl fluoride, polyvinyl chloride, or the like; an inor-
ganic film formed by evaporation; a film made of polyamide,
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polyimide, aramid, or epoxy; and paper. Specifically, when
a transistor is formed using a semiconductor substrate, a
single crystal substrate, an SOI substrate, or the like, the
transistor can have few variations in characteristics, size,
shape, or the like, high current supply capability, and a small
size. A circuit using such transistors achieves lower power
consumption of the circuit or higher integration of the
circuit.

[0119] For the above separation layer, for example, a
stacked inorganic films of a tungsten film and a silicon oxide
film, or an organic resin film of polyimide or the like formed
over a substrate can be used.

[0120] In other words, a transistor may be formed using
one substrate, and then transferred to another substrate.
Examples of a substrate to which a transistor is transferred
include, in addition to the above-described substrates over
which transistors can be formed, a paper substrate, a cello-
phane substrate, an aramid film substrate, a polyimide film
substrate, a stone substrate, a wood substrate, a cloth sub-
strate (including a natural fiber (e.g., silk, cotton, or hemp),
a synthetic fiber (e.g., nylon, polyurethane, or polyester), a
regenerated fiber (e.g., acetate, cupra, rayon, or regenerated
polyester), or the like), a leather substrate, and a rubber
substrate. With the use of such a substrate, a transistor with
excellent properties or low power consumption, or a device
with high durability can be formed, and the device can have
high heat resistance and a reduced weight or thickness.
[0121] Note that all the circuits which are necessary to
realize a desired function can be formed using one substrate
(e.g., a glass substrate, a plastic substrate, a single crystal
substrate, or an SOI substrate). In this manner, the cost can
be reduced by a reduction in the number of components or
reliability can be improved by a reduction in the number of
connection points to circuit components.

[0122] Note that not all the circuits which are necessary to
realize the predetermined function are needed to be formed
using one substrate. That is, part of the circuits which are
necessary to realize the predetermined function may be
formed using a substrate and another part of the circuits
which are necessary to realize the predetermined function
may be formed using another substrate. For example, part of
the circuits which are necessary to realize the predetermined
function can be formed using a glass substrate and another
part of the circuits which are necessary to realize the
predetermined function can be formed using a single crystal
substrate (or an SOI substrate). The single crystal substrate
over which the another part of the circuits which are
necessary to realize the predetermined function (such a
substrate is also referred to as an IC chip) can be connected
to the glass substrate by COG (chip on glass), and the IC
chip can be provided over the glass substrate. Alternatively,
the IC chip can be connected to the glass substrate by TAB
(tape automated bonding), COF (chip on film), SMT (sur-
face mount technology), a printed circuit board, or the like.
When part of the circuits is thus formed over the same
substrate as a pixel portion, the cost can be reduced by a
reduction in the number of components or reliability can be
improved by a reduction in the number of connection points
between circuit components. In particular, a circuit in a
portion where a driving voltage is high, a circuit in a portion
where a driving frequency is high, or the like consumes
much power in many cases. In view of the above, such a
circuit is formed over a substrate (e.g., a single crystal
substrate) different from a substrate over which a pixel
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portion is formed, whereby an IC chip is formed. The use of
this IC chip prevents an increase in power consumption.

[0123] The transistor 73 can have a bottom-gate structure
or a top-gate structure. Note that examples of the structure
of the transistor will be described in detail in the following
embodiment.

[0124] The conductive layer 75 can be formed using a
metal material having a light-reflecting property. For
example, the conductive layer 75 can be formed using one
or more kinds of materials selected from a metal such as
tungsten (W), molybdenum (Mo), zirconium (Zr), hafnium
(Hf), vanadium (V), niobium (Nb), tantalum (Ta), chromium
(Cr), cobalt (Co), nickel (Ni), titanium (T1), platinum (Pt),
aluminum (Al), copper (Cu), or silver (Ag); an alloy of any
of these metals; and a nitride of any of these metals. The
conductive layer 75 may be stacked over a material having
a light-transmitting property. The depression and projection
portion 77 may be formed by processing the surface of the
conductive layer 75 by etching or the like, or may be
obtained by forming the conductive layer 75 over a structure
body such as a conductive layer or an insulating layer.

[0125] Note that the structure body under the conductive
layer 75 can be formed using an organic or inorganic
material, typically, a visible light curable resin, an ultraviolet
curable resin, or a thermosetting resin. For example, an
acrylic resin, an epoxy resin, or an amine resin can be used.
Note that the structure body may have a stacked structure of
thin films.

[0126] For the coloring layer 83, a color filter for trans-
mitting light in a red wavelength range, a color filter for
transmitting light in a green wavelength range, a color filter
for transmitting light in a blue wavelength range, or the like
can be used. Each color filter is formed in a desired position
with a known material by a printing method, an inkjet
method, an etching method using a photolithography tech-
nique, or the like.

[0127] The light-shielding layer 85 is formed in a desired
position with a known material having a light-blocking
property by a printing method, an inkjet method, an etching
method using a photolithography technique, or the like

[0128] The insulating layer 87 has a function of protecting
the coloring layer 83 and the light-shielding layer 85. The
insulating layer 87 can be formed using an acrylic-based
resin or the like.

[0129] The conductive layer 89 can be formed using a
light-transmitting conductive material such as indium tin
oxide, indium oxide containing tungsten oxide, indium zinc
oxide containing tungsten oxide, indium oxide containing
titanium oxide, indium tin oxide containing titanium oxide,
indium zinc oxide, or indium tin oxide to which silicon
oxide is added.

[0130] There is no particular limitation on the polarizing
plate 91 as long as it can produce linearly polarized light
from natural light or circularly polarized light. For example,
a polarizing plate whose optical anisotropy is obtained by
disposing dichroic substances in one direction can be used.
Such a polarizing plate can be formed in such a manner that
an iodine-based compound or the like is adsorbed to a film
such as a polyvinyl alcohol film and the film is stretched in
one direction. Note that as the dichroic substance, a dye-
based compound or the like as well as an iodine-based
compound can be used.
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[0131] The light diffusion layer 93 is formed in a desired
position with a variety of materials such as a transparent
resin to which fine particles are added.

[0132] Although not illustrated in FIGS. 9A and 9B, an
optical member such as an alignment film, a half-wave plate,
or a quarter-wave plate.

[0133] The structures shown in this embodiment can be
used in appropriate combination with any of the structures
shown in the other embodiments. Hence, in the liquid crystal
display device that is one embodiment of the present inven-
tion, the power consumed by a backlight can be reduced. In
addition, because a reflective liquid crystal display device is
obtained, transistors in a pixel can be provided to overlap
with a pixel electrode. Therefore, even when the number of
transistors in the pixel increases, the pixel size is not reduced
and display quality can be maintained.

Embodiment 3

[0134] Described in this embodiment are examples of
structures of a transistor that can be used for the liquid
crystal display device described above. Here, structure
examples of the cross section of the transistor will be
described with reference to cross-sectional views of FIGS.
10A to 10C. FIG. 10A is a cross-sectional view of a
bottom-gate transistor. FIG. 10B is a cross-sectional view of
a top-gate transistor. FIG. 10C is a cross-sectional view of a
dual-gate transistor.

[0135] A transistor 100A illustrated in FIG. 10A includes
a conductive layer 103, an insulating layer 105, a semicon-
ductor layer 107, a conductive layer 109A, a conductive
layer 109B, an insulating layer 111, and an insulating layer
113 over a substrate 101.

[0136] Note that FIG. 10A shows a cross-sectional view of
a channel-etched transistor with the bottom-gate structure;
however, a channel-protective transistor may also be used.
The semiconductor layer 107 may have a layered structure
although FIG. 10A shows a single-layer semiconductor layer
107.

[0137] A transistor 100B illustrated in FIG. 10B includes
the semiconductor layer 107 provided with a semiconductor
layer 107A and a semiconductor layer 1078, the insulating
layer 105, the conductive layer 103, the insulating layer 111,
the insulating layer 113, the conductive layer 109A, and the
conductive layer 109B over the substrate 101.

[0138] Note that FIG. 10B shows, but is not limited to, the
top-gate structure in which the conductive layers 109A and
109B are connected to each other through openings formed
in the insulating layer 113. For example, the conductive
layers 109A and 109B may be formed directly on the
semiconductor layer 107 without provision of the openings.
[0139] A transistor 100C illustrated in FIG. 10C includes
a conductive layer 103A, the insulating layer 105, the
semiconductor layer 107, the conductive layer 109A, the
conductive layer 109B, the insulating layer 111, a conduc-
tive layer 103B, and the insulating layer 113 over the
substrate 101.

[0140] The components illustrated in FIGS. 10A to 10C
will be described below.

[0141] The substrate 101 is similar to the element sub-
strate 71 or the counter substrate 81 described in the above
embodiment, and therefore will not be described.

[0142] For the conductive layers 103, 103A, 103B, 109A,
and 1098, a metal element selected from aluminum, chro-
mium, copper, tantalum, titanium, molybdenum, and tung-
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sten, an alloy containing any of these metal elements as a
component, an alloy containing these metal elements in
combination, or the like can be used. Furthermore, one or
more metal elements selected from manganese and zirco-
nium may be used. In addition, the conductive layers 103,
103A, 103B, 109A, and 109B may have a single-layer
structure or a stacked-layer structure of two or more layers.
Examples of the structure include a single-layer structure of
an aluminum film containing silicon, a two-layer structure in
which a titanium film is stacked over an aluminum film, a
two-layer structure in which a titanium film is stacked over
a titanium nitride film, a two-layer structure in which a
tungsten film is stacked over a titanium nitride film, a
two-layer structure in which a tungsten film is stacked over
a tantalum nitride film or a tungsten nitride film, and a
three-layer structure in which a titanium film, an aluminum
film, and a titanium film are stacked in this order. Alterna-
tively, an alloy film or a nitride film in which aluminum is
combined with one or more elements selected from titanium,
tantalum, tungsten, molybdenum, chromium, neodymium,
and scandium may be used.

[0143] The conductive layers 103, 103A, 103B, 109A, and
109B can be formed using a light-transmitting conductive
material such as indium tin oxide, indium oxide containing
tungsten oxide, indium zinc oxide containing tungsten
oxide, indium oxide containing titanium oxide, indium tin
oxide containing titanium oxide, indium zinc oxide, or
indium tin oxide to which silicon oxide is added. It is also
possible to use a layered structure of the light-transmitting
conductive material and the aforementioned metal element.

[0144] The insulating layers 105 and 111 each may be
formed to have a single-layer structure or a stacked-layer
structure using, for example, one or more of silicon oxide,
silicon oxynitride, silicon nitride oxide, silicon nitride, alu-
minum oxide, hafnium oxide, gallium oxide, Ga—Zn-based
metal oxide, silicon nitride, and the like. The insulating
layers 105 and 111 each may be formed using a high-k
material such as hafnium silicate (HfSi0,), hafnium silicate
to which nitrogen is added (HfSi, O N), hafnium aluminate
to which nitrogen is added (HfAL, O N.,), hafnium oxide, or
yttrium oxide, so that gate leakage current of the transistor
can be reduced.

[0145] The insulating layer 113 may be formed by a CVD
method, a sputtering method, or the like to have a single-
layer structure or a stacked-layer structure using, for
example, silicon oxide, silicon oxynitride, or silicon nitride.
The insulating layer 113 can also be made using an organic
resin such as an acrylic resin, a polyimide resin, a benzo-
cyclobutene-based resin, a siloxane-based resin, a poly-
amide resin, or an epoxy resin.

[0146] The semiconductor layers 107, 107A, and 107B
each may be formed to have a single-layer structure or a
stacked-layer structure using, typically, In—Ga oxide, In—
Zn oxide, and In—M—Z7n oxide (M represents Al, Ti, Ga,
Y, Zr, La, Ce, Nd, Sn, or Hf).

[0147] The semiconductor layers 107, 107A, and 107B
each may be an In—M—7n oxide layer having any of the
following atomic ratios of In to M, when Zn and O are not
taken into consideration: the atomic percentage of In is
smaller than 50 atomic % and the atomic percentage of M is
larger than or equal to 50 atomic %, and the atomic per-
centage of In is smaller than 25 atomic % and the atomic
percentage of M is larger than or equal to 75 atomic %.
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[0148] The energy gap of each of the semiconductor layers
107, 107A, and 107B is 2 eV or more, preferably 2.5 eV or
more, and more preferably 3 eV or more. The off-state
current of the transistor can be reduced by using an oxide
semiconductor having such a wide energy gap.

[0149] For the semiconductor layers 107, 107A, and
107B, an In—Ga—7Z7n oxide containing In, Ga, and Zn at an
atomic ratio of 1:1:1, 1:1:1.2, or 3:1:2 can be used. Note that
the atomic ratio of each of the semiconductor layers 107,
107A, and 107B varies within a range of +20% as an error.
[0150] Note that the conductivity of the semiconductor
layer 107A is preferably higher than that of the semicon-
ductor layer 107B. To increase the conductivity of the
semiconductor layer 107A, a rare gas or the like containing
argon is preferably added to the semiconductor layer 107A
in a self-aligned manner with the conductive layer 103
serving as a gate electrode used as a mask. Such a structure
reduces the number of masks.

[0151] The structures shown in this embodiment can be
used in appropriate combination with any of the structures
shown in the other embodiments.

Embodiment 4

[0152] Described in this embodiment will be one embodi-
ment that can be applied to an oxide semiconductor film in
the transistor included in the liquid crystal display device
described in the above embodiments.

[0153] The oxide semiconductor film may include one or
more of the following: an oxide semiconductor having a
single-crystal structure (hereinafter referred to as a single-
crystal oxide semiconductor); an oxide semiconductor hav-
ing a polycrystalline structure (hereinafter referred to as a
polycrystalline oxide semiconductor); an oxide semiconduc-
tor having a microcrystalline structure (hereinafter referred
to as a microcrystalline oxide semiconductor), and an oxide
semiconductor having an amorphous structure (hereinafter
referred to as an amorphous oxide semiconductor). Further,
the oxide semiconductor film may be formed using a
CAAC-OS film. Furthermore, the oxide semiconductor film
may include an amorphous oxide semiconductor and an
oxide semiconductor having a crystal grain. A CAAC-OS
film and a microcrystalline oxide semiconductor film are
described below as typical examples.

[0154] First, a CAAC-OS film is described.

[0155] The CAAC-OS film is an oxide semiconductor film
having a plurality of c-axis aligned crystal parts.

[0156] In a transmission electron microscope (TEM)
image of the CAAC-OS film, a boundary between crystal
parts, that is, a grain boundary is not clearly observed. Thus,
in the CAAC-OS film, a reduction in electron mobility due
to the grain boundary is less likely to occur.

[0157] According to the TEM image of the CAAC-OS
film observed in a direction substantially parallel to a sample
surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each layer
of metal atoms has a morphology reflecting a surface over
which the CAAC-OS film is formed (hereinafter, a surface
over which the CAAC-OS film is formed is referred to as a
formation surface) or a top surface of the CAAC-OS film,
and is arranged parallel to the formation surface or the top
surface of the CAAC-OS film.

[0158] On the other hand, according to the TEM image of
the CAAC-OS film observed in a direction substantially
perpendicular to the sample surface (plan-view TEM

Mar. 1, 2018

image), metal atoms are arranged in a triangular or hexago-
nal configuration in the crystal parts. However, there is no
regularity of arrangement of metal atoms between different
crystal parts.

[0159] FIG. 15¢ is a cross-sectional TEM image of a
CAAC-OS film. FIG. 155 is a cross-sectional TEM image
obtained by enlarging the image of FIG. 15a. In FIG. 155,
atomic arrangement is highlighted for easy understanding.

[0160] FIG. 15¢ is local Fourier transform images of
regions each surrounded by a circle (the diameter is about 4
nm) between A and O and between O and A' in FIG. 15a.
C-axis alignment can be observed in each region in FIG.
15c¢. The c-axis direction between A and O is different from
that between O and A', which indicates that a grain in the
region between A and O is different from that between O and
A'. In addition, the angle of the c-axis between A and O
continuously and gradually changes, for example, 14.3°,
16.6°, and 26.4°. Similarly, the angle of the c-axis between
O and A' continuously changes, for example, -18.3°, -17.6°,
and -15.9°.

[0161] Note that in an electron diffraction pattern of the
CAAC-OS film, spots (bright spots) indicating alignment
are shown. For example, when electron diffraction with an
electron beam having a diameter of 1 nm or more and 30 nm
or less (such electron diffraction is also referred to as
nanobeam electron diffraction) is performed on the top
surface of the CAAC-OS film, spots are observed (see FIG.
16A).

[0162] From the results of the cross-sectional TEM image
and the plan-view TEM image, alignment is found in the
crystal parts in the CAAC-OS film.

[0163] Most of the crystal parts included in the CAAC-OS
film each fit inside a cube whose one side is less than 100
nm. Thus, there is a case where a crystal part included in the
CAAC-OS film fits inside a cube whose one side is less than
10 nm, less than 5 nm, or less than 3 nm. Note that when a
plurality of crystal parts included in the CAAC-OS film are
connected to each other, one large crystal region is formed
in some cases. For example, a crystal region with an area of
2500 nm? or more, 5 pm* or more, or 1000 um? or more is
observed in some cases in the plan-view TEM image.

[0164] A CAAC-OS film is subjected to structural analysis
with an X-ray diffraction (XRD) apparatus. For example,
when the CAAC-OS film including an InGaZnO, crystal is
analyzed by an out-of-plane method, a peak appears fre-
quently when the diffraction angle (28) is around 31°. This
peak is derived from the (009) plane of the InGaZnQO,
crystal, which indicates that crystals in the CAAC-OS film
have c-axis alignment, and that the c-axes are aligned in a
direction substantially perpendicular to the formation sur-
face or the top surface of the CAAC-OS film.

[0165] On the other hand, when the CAAC-OS film is
analyzed by an in-plane method in which an X-ray is
incident on a sample in a direction substantially perpendicu-
lar to the c-axis, a peak appears frequently when 20 is
around 56°. This peak is derived from the (110) plane of the
InGaZnO, crystal. Here, analysis (® scan) is performed
under conditions where the sample is rotated around a
normal vector of a sample surface as an axis (P axis) with
20 fixed at around 56°. In the case where the sample is a
single crystal oxide semiconductor film of InGaZnQO,, six
peaks appear. The six peaks are derived from crystal planes
equivalent to the (110) plane. On the other hand, in the case
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of a CAAC-OS film, a peak is not clearly observed even
when @ scan is performed with 20 fixed at around 56°.
[0166] According to the above results, in the CAAC-OS
film having c-axis alignment, while the directions of a-axes
and b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a
formation surface or a normal vector of a top surface. Thus,
each metal atom layer arranged in a layered manner
observed in the cross-sectional TEM image corresponds to
a plane parallel to the a-b plane of the crystal.

[0167] Note that the crystal part is formed concurrently
with deposition of the CAAC-OS film or is formed through
crystallization treatment such as heat treatment. As
described above, the c-axis of the crystal is aligned in a
direction parallel to a normal vector of a formation surface
or a normal vector of a top surface. Thus, for example, in the
case where the shape of the CAAC-OS film is changed by
etching or the like, the c-axis might not be necessarily
parallel to a normal vector of a formation surface or a normal
vector of a top surface of the CAAC-OS film.

[0168] Distribution of c-axis aligned crystal parts in the
CAAC-OS film is not necessarily uniform. For example, in
the case where crystal growth leading to the crystal parts of
the CAAC-OS film occurs from the vicinity of the top
surface of the film, the proportion of the c-axis aligned
crystal parts in the vicinity of the top surface is higher than
that in the vicinity of the formation surface in some cases.
Furthermore, when an impurity is added to the CAAC-OS
film, a region to which the impurity is added may be altered
and the proportion of the c-axis aligned crystal parts in the
CAAC-OS film might vary depending on regions.

[0169] Note that when the CAAC-OS film with an
InGaZnO, crystal is analyzed by an out-of-plane method, a
peak may also be observed when 20 is around 36°, in
addition to the peak at 260 of around 31°. The peak at 26 of
around 36° indicates that a crystal having no c-axis align-
ment is included in part of the CAAC-OS film. It is
preferable that in the CAAC-OS film, a peak appear when 26
1s around 31° and that a peak not appear when 20 is around
36°.

[0170] The CAAC-OS film is an oxide semiconductor film
having low impurity concentration. The impurity is an
element other than the main components of the oxide
semiconductor film, such as hydrogen, carbon, silicon, or a
transition metal element. In particular, an element that has
higher bonding strength to oxygen than a metal element
included in the oxide semiconductor film, such as silicon,
disturbs the atomic arrangement of the oxide semiconductor
film by depriving the oxide semiconductor film of oxygen
and causes a decrease in crystallinity. Furthermore, a heavy
metal such as iron or nickel, argon, carbon dioxide, or the
like has a large atomic radius (molecular radius), and thus
disturbs the atomic arrangement of the oxide semiconductor
film and causes a decrease in crystallinity when it is con-
tained in the oxide semiconductor film. Note that the impu-
rity contained in the oxide semiconductor film might serve
as a carrier trap or a carrier generation source.

[0171] The CAAC-OS film is an oxide semiconductor film
having a low density of defect states. In some cases, oxygen
vacancies in the oxide semiconductor film serve as carrier
traps or serve as carrier generation sources when hydrogen
is captured therein.

[0172] The state in which impurity concentration is low
and density of defect states is low (the number of oxygen
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vacancies is small) is referred to as a “highly purified
intrinsic” or “substantially highly purified intrinsic” state. A
highly purified intrinsic or substantially highly purified
intrinsic oxide semiconductor film has few carrier genera-
tion sources, and thus can have a low carrier density.
Therefore, a transistor including the oxide semiconductor
film rarely has negative threshold voltage (is rarely normally
on). The highly purified intrinsic or substantially highly
purified intrinsic oxide semiconductor film has few carrier
traps. Accordingly, the transistor including the oxide semi-
conductor film has little variation in electrical characteristics
and high reliability. Electric charge trapped by the carrier
traps in the oxide semiconductor film takes a long time to be
released and might behave like fixed electric charge. Thus,
the transistor including the oxide semiconductor film having
high impurity concentration and a high density of defect
states has unstable electrical characteristics in some cases.

[0173] With the use of the CAAC-OS film in a transistor,
variation in the electrical characteristics of the transistor due
to irradiation with visible light or ultraviolet light is small.

[0174] Next, a microcrystalline oxide semiconductor film
is described.
[0175] In an image obtained with the TEM, crystal parts

cannot be found clearly in the microcrystalline oxide semi-
conductor film in some cases. In most cases, the size of a
crystal part in the microcrystalline oxide semiconductor film
is greater than or equal to 1 nm and less than or equal to 100
nm, or greater than or equal to 1 nm and less than or equal
to 10 nm. A microcrystal with a size greater than or equal to
1 nm and less than or equal to 10 nm, or a size greater than
or equal to 1 nm and less than or equal to 3 nm is specifically
referred to as nanocrystal (nc). An oxide semiconductor film
including nanocrystal is referred to as a nanocrystalline
oxide semiconductor (nc-OS) film. In an image obtained
with TEM, a grain boundary cannot be found clearly in the
nc-08 film in some cases.

[0176] In the nc-OS film, a microscopic region (for
example, a region with a size greater than or equal to 1 nm
and less than or equal to 10 nm, in particular, a region with
a size greater than or equal to 1 nm and less than or equal
to 3 nm) has a periodic atomic order. Note that there is no
regularity of crystal orientation between different crystal
parts in the nc-OS film. Thus, the orientation of the whole
film is not observed. Accordingly, in some cases, the nc-OS
film cannot be distinguished from an amorphous oxide
semiconductor depending on an analysis method. For
example, when the nc-OS film is subjected to structural
analysis by an out-of-plane method with an XRD apparatus
using an X-ray having a diameter larger than that of a crystal
part, a peak showing a crystal plane does not appear. A
diffraction pattern like a halo pattern appears in a selected-
area electron diffraction pattern of the nc-OS film obtained
by using an electron beam having a probe diameter (e.g.,
larger than or equal to 50 nm) larger than the diameter of a
crystal part. Meanwhile, spots are shown in a nanobeam
electron diffraction pattern of the nc-OS film obtained by
using an electron beam having a probe diameter close to, or
smaller than the diameter of a crystal part. In a nanobeam
electron diffraction pattern of the nc-OS film, regions with
high luminance in a circular (ring) pattern are shown in some
cases. Furthermore, in a nanobeam electron diffraction pat-
tern of the nc-OS film, a plurality of circumferentially
distributed spots are observed in some cases (see FIG. 16B).
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[0177] The nc-OS film is an oxide semiconductor film that
has high regularity as compared to an amorphous oxide
semiconductor film. Thus, the nc-OS film has a lower
density of defect states than an amorphous oxide semicon-
ductor film. Note that there is no regularity of crystal
orientation between different crystal parts in the nc-OS film.
Hence, the nc-OS film has a higher density of defect states
than the CAAC-OS film.

[0178] Note that an oxide semiconductor film may be a
stacked film including two or more kinds of an amorphous
oxide semiconductor film, a microcrystalline oxide semi-
conductor film, and a CAAC-OS film, for example.

[0179] In the case where an oxide semiconductor film has
a plurality of structures, the structures can be analyzed using
nanobeam electron diffraction in some cases.

[0180] FIG. 16C illustrates a transmission electron dif-
fraction measurement apparatus which includes an electron
gun chamber 170, an optical system 172 below the electron
gun chamber 170, a sample chamber 174 below the optical
system 172, an optical system 176 below the sample cham-
ber 174, an observation chamber 180 below the optical
system 176, a camera 178 installed in the observation
chamber 180, and a film chamber 182 below the observation
chamber 180. The camera 178 is provided to face toward the
inside of the observation chamber 180. Note that the film
chamber 182 is not necessarily provided.

[0181] FIG. 16D illustrates an internal structure of the
transmission electron diffraction measurement apparatus
illustrated in FIG. 16C. In the transmission electron diffrac-
tion measurement apparatus, a substance 188 which is
positioned in the sample chamber 174 is irradiated with
electrons emitted from an electron gun installed in the
electron gun chamber 170 through the optical system 172.
Electrons passing through the substance 188 are incident on
a fluorescent plate 192 provided in the observation chamber
180 through the optical system 176. On the fluorescent plate
192, a pattern corresponding to the intensity of the incident
electrons appears, which allows measurement of a transmis-
sion electron diffraction pattern.

[0182] The camera 178 is installed so as to face the
fluorescent plate 192 and can take an image of a pattern
appearing on the fluorescent plate 192. An angle formed by
a straight line which passes through the center of a lens of
the camera 178 and the center of the fluorescent plate 192
and an upper surface of the fluorescent plate 192 is, for
example, 15° or more and 80° or less, 30° or more and 75°
or less, or 45° or more and 70° or less. As the angle is
reduced, distortion of the transmission electron diffraction
pattern taken by the camera 178 becomes larger. Note that if
the angle is obtained in advance, the distortion of an
obtained transmission electron diffraction pattern can be
corrected. Note that the film chamber 182 may be provided
with the camera 178. For example, the camera 178 may be
set in the film chamber 182 so as to be opposite to the
incident direction of electrons 184. In this case, a transmis-
sion electron diffraction pattern with less distortion can be
taken from the rear surface of the fluorescent plate 192.
[0183] A holder for fixing the substance 188 that is a
sample is provided in the sample chamber 174. The holder
transmits electrons passing through the substance 188. The
holder may have, for example, a function of moving the
substance 188 in the direction of the X, Y, and Z axes. The
movement function of the holder may have an accuracy of
moving the substance in the range of, for example, 1 nm to
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10 nm, 5 nm to 50 nm, 10 nm to 100 nm, 50 nm to 500 nm,
and 100 nm to 1 um. The range is preferably determined to
be an optimal range for the structure of the substance 188.
[0184] Then, a method for measuring a transmission elec-
tron diffraction pattern of a substance by the transmission
electron diffraction measurement apparatus described above
will be described.

[0185] For example, changes in the structure of a sub-
stance can be observed by changing the irradiation position
of the electrons 184 that are a nanobeam in the substance (or
by scanning) as illustrated in FIG. 16D. At this time, when
the substance 188 is a CAAC-OS film, a diffraction pattern
shown in FIG. 16A is observed. When the substance 188 is
an nc-OS film, a diffraction pattern shown in FIG. 16B is
observed.

[0186] Even when the substance 188 is a CAAC-OS film,
a diffraction pattern similar to that of an nc-OS film or the
like is partly observed in some cases. Therefore, whether a
CAAC-OS film is favorable can be determined by the
proportion of a region where a diffraction pattern of a
CAAC-OS film is observed in a predetermined area (also
referred to as proportion of CAAC). In the case of a high
quality CAAC-OS film, for example, the proportion of
CAAC is higher than or equal to 50%, preferably higher than
or equal to 80%, more preferably higher than or equal to
90%, and still preferably higher than or equal to 95%. Note
that the proportion of a region where a diffraction pattern
different from that of a CAAC-OS film is observed is
referred to as the proportion of non-CAAC.

[0187] For example, transmission electron diffraction pat-
terns were obtained by scanning a top surface of a sample
including a CAAC-OS film obtained immediately after
deposition (represented as “as-sputtered”) and a top surface
of a sample including a CAAC-OS subjected to heat treat-
ment at 450° C. in an atmosphere containing oxygen. Here,
the proportion of CAAC was obtained in such a manner that
diffraction patterns were observed by scanning for 60 sec-
onds at a rate of 5 nm/s and the obtained diffraction patterns
were converted into still images every 0.5 seconds. Note that
as an electron beam, a nanobeam with a probe diameter of
1 nm was used. The above measurement was also performed
on six samples. The proportion of CAAC was calculated
using the average value of the six samples.

[0188] FIG. 17A shows the proportion of CAAC in each
sample. The proportion of CAAC in the CAAC-OS film
obtained immediately after the deposition was 75.7% (the
proportion of non-CAAC was 24.3%). The proportion of
CAAC in the CAAC-OS film subjected to the heat treatment
at 450° C. was 85.3% (the proportion of non-CAAC was
14.7%). These results show that the proportion of CAAC
obtained after the heat treatment at 450° C. is higher than
that obtained immediately after the deposition. That is, heat
treatment at high temperature (e.g., higher than or equal to
400° C.) reduces the proportion of non-CAAC (increases the
proportion of CAAC). The above results also indicate that
even when the temperature of the heat treatment is lower
than 500° C., the CAAC-OS film can have a high proportion
of CAAC.

[0189] Here, most of diffraction patterns different from
that of a CAAC-OS film were similar to that of an nc-OS
film. Furthermore, an amorphous oxide semiconductor film
was not able to be observed in a measurement region. Thus,
the results suggest that a region having a structure similar to
that of an nc-OS film is rearranged by the heat treatment
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owing to the influence of the structure of an adjacent region,
so that the region becomes CAAC.

[0190] FIGS. 17B and 17C are planar TEM images of the
CAAC-OS film obtained immediately after the deposition
and the CAAC-OS film subjected to the heat treatment at
450° C., respectively. Comparison between FIGS. 17B and
17C shows that the CAAC-OS film subjected to the heat
treatment at 450° C. has more even film quality. That is, the
heat treatment at high temperature improves the film quality
of the CAAC-OS film.

[0191] With such a measurement method, the structure of
an oxide semiconductor film having a plurality of structures
can be analyzed in some cases.

[0192] The structures, methods, and the like shown in this
embodiment can be used in appropriate combination with
any of the structures, methods, and the like shown in the
other embodiments.

Embodiment 5

[0193] As described in Embodiment 1, with the pixel
structure of the liquid crystal display device that is disclosed
in one embodiment of the present invention, a written data
voltage can be held during a long period and the writing
interval can be increased. The liquid crystal display device
of this embodiment can be driven by at least two methods
(modes) to display images. The first driving mode is a
conventional driving method of a liquid crystal display
device, in which data is rewritten every frame. In the second
driving mode, data rewriting is stopped after data writing is
executed, that is, the refresh rate is reduced.

[0194] Moving images are displayed in the first driving
mode. Still images are displayed in the second driving mode.
In the second driving mode, driver circuits do not need to be
operated for driving pixels, reducing power consumption.
[0195] In addition, a pixel electrode of the liquid crystal
display device of one embodiment of the present invention
has a function of reflecting external light. In other words, the
liquid crystal display device of one embodiment of the
present invention is a so-called reflective liquid crystal
display device. Hence, displayed images can be made visible
without a need of a backlight, resulting in lower power
consumption.

[0196] An effect of reducing the refresh rate will be
described here.

[0197] The eye strain is divided into two categories: nerve
strain and muscle strain. The nerve strain is caused by
prolonged looking at light emitted from a liquid crystal
display device or blinking images. This is because the
brightness stimulates and fatigues the retina and nerve of the
eye and the brain. The muscle strain is caused by overuse of
a ciliary muscle which works for adjusting the focus.
[0198] FIG. 11A is a schematic diagram illustrating dis-
play of a conventional liquid crystal display device. As
illustrated in FIG. 11A, for the display of the conventional
liquid crystal display device, image rewriting is performed
60 times per second. A prolonged looking at such a screen
might stimulate the retina and nerve of the eye and the brain
of a user and lead to eye strain.

[0199] Incontrast, when images are displayed in the liquid
crystal display device of one embodiment of the present
invention, for example, the number of times of image
writing can be reduced to once every five seconds as shown
in FIG. 11B. In that case, unlike in FIG. 114, the same image
can be seen for as long as possible and flickers on a screen
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perceived by a user can be reduced. This makes it possible
to reduce stimuli to the retina and nerve of the eye and the
brain of a user, resulting in less nerve strain.

[0200] One embodiment of the present invention can
provide an eye-friendly liquid crystal display device.
[0201] The structures, methods, and the like shown in this
embodiment can be used in appropriate combination with
any of the structures, methods, and the like shown in the
other embodiments.

Embodiment 6

[0202] In this embodiment, structure examples of elec-
tronic devices each including a liquid crystal display device
of one embodiment of the present invention will be
described. Furthermore, in this embodiment, a display mod-
ule including a liquid crystal display device of one embodi-
ment of the present invention will be described with refer-
ence to FIG. 12.

[0203] In a display module 8000 illustrated in FIG. 12, a
touch panel 8004 connected to an FPC 8003, a display panel
8006 connected to an FPC 8005, a backlight unit 8007, a
frame 8009, a printed board 8010, and a battery 8011 are
provided between an upper cover 8001 and a lower cover
8002. Note that the backlight unit 8007, the battery 8011, the
touch panel 8004, and the like are not provided in some
cases.

[0204] The liquid crystal display device of one embodi-
ment of the present invention can be used for, for example,
the display panel 8006.

[0205] The shapes and sizes of the upper cover 8001 and
the lower cover 8002 can be changed as appropriate in
accordance with the sizes of the touch panel 8004 and the
display panel 8006.

[0206] The touch panel 8004 can be a resistive touch panel
or a capacitive touch panel and can be formed to overlap
with the display panel 8006. A counter substrate (sealing
substrate) of the display panel 8006 can have a touch panel
function. A photosensor may be provided in each pixel of the
display panel 8006 to form an optical touch panel. An
electrode for a touch sensor may be provided in each pixel
of the display panel 8006 so that a capacitive touch panel is
obtained.

[0207] The backlight unit 8007 includes a light source
8008. The light source 8008 may be provided at an end
portion of the backlight unit 8007 and a light diffusing plate
may be used.

[0208] The frame 8009 protects the display panel 8006
and also functions as an electromagnetic shield for blocking
electromagnetic waves generated by the operation of the
printed board 8010. The frame 8009 may function as a
radiator plate.

[0209] The printed board 8010 is provided with a power
supply circuit and a signal processing circuit for outputting
a video signal and a clock signal. As a power source for
supplying power to the power supply circuit, an external
commercial power source or a power source using the
battery 8011 provided separately may be used. The battery
8011 can be omitted in the case of using a commercial power
source.

[0210] The display module 8000 may be additionally
provided with a member such as a polarizing plate, a
retardation plate, or a prism sheet.

[0211] FIGS. 13Ato 13H and FIGS. 14A to 14D illustrate
electronic devices. These electronic devices can include a
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housing 5000, a display portion 5001, a speaker 5003, an
LED lamp 5004, operation keys 5005 (including a power
switch or an operation switch), a connection terminal 5006,
a sensor 5007 (a sensor having a function of measuring
force, displacement, position, speed, acceleration, angular
velocity, rotational frequency, distance, light, liquid, mag-
netism, temperature, chemical substance, sound, time, hard-
ness, electric field, current, voltage, electric power, radia-
tion, flow rate, humidity, gradient, oscillation, smell, or
infrared ray), a microphone 5008, and the like.

[0212] FIG. 13A illustrates a portable computer, which
can include a switch 5009, an infrared port 5010, and the like
in addition to the above objects. FIG. 13B illustrates a
portable image reproducing device provided with a memory
medium (e.g., a DVD reproducing device), which can
include a second display portion 5002, a memory medium
read portion 5011, and the like in addition to the above
objects. F1G. 13C illustrates a goggle-type display, which
can include the second display portion 5002, a support 5012,
an earphone 5013, and the like in addition to the above
objects. FIG. 13D illustrates a portable game machine,
which can include the memory medium read portion 5011
and the like in addition to the above objects. FIG. 13E
illustrates a digital camera with a television reception func-
tion, which can include an antenna 5014, a shutter button
5015, an image reception portion 5016, and the like in
addition to the above objects. FIG. 13F illustrates a portable
game machine, which can include the second display portion
5002, the memory medium read portion 5011, and the like
in addition to the above objects. FIG. 13G illustrates a
television receiver, which can include a tuner, an image
processing portion, and the like in addition to the above
objects. FIG. 13H illustrates a portable television receiver,
which can include a charger 5017 capable of transmitting
and receiving signals, and the like in addition to the above
objects. FIG. 14A illustrates a display, which can include a
support base 5018 and the like in addition to the above
objects. FIG. 14B illustrates a camera, which can include an
external connection port 5019, a shutter button 5015, an
image reception portion 5016, and the like in addition to the
above objects. FIG. 14C illustrates a computer, which can
include a pointing device 5020, the external connection port
5019, a reader/writer 5021, and the like in addition to the
above objects. FIG. 14D illustrates a mobile phone, which
can include a transmitter, a receiver, a tuner of 1 seg partial
reception service for mobile phones and mobile terminals,
and the like in addition to the above objects.

[0213] The electronic devices illustrated in FIGS. 13A to
13H and FIGS. 14A to 14D can have a variety of functions,
for example, a function of displaying a variety of data (a still
image, a moving image, a text image, and the like) on the
display portion, a touch panel function, a function of dis-
playing a calendar, date, time, and the like, a function of
controlling a process with a variety of software (programs),
a wireless communication function, a function of being
connected to a variety of computer networks with a wireless
communication function, a function of transmitting and
receiving a variety of data with a wireless communication
function, a function of reading a program or data stored in
amemory medium and displaying the program or data on the
display portion, and the like. Furthermore, the electronic
device including a plurality of display portions can have a
function of displaying image data mainly on one display
portion while displaying text data on another display por-
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tion, a function of displaying a three-dimensional image by
displaying images on a plurality of display portions with a
parallax taken into account, or the like. Furthermore, the
electronic device including an image receiving portion can
have a function of shooting a still image, a function of taking
a moving image, a function of automatically or manually
correcting a shot image, a function of storing a shot image
in a memory medium (an external memory medium or a
memory medium incorporated in the camera), a function of
displaying a shot image on the display portion, or the like.
Note that functions that can be provided for the electronic
devices illustrated in FIGS. 13A to 13H and FIGS. 14A to
14D are not limited to those described above, and the
electronic devices can have a variety of functions.

[0214] The electronic devices described in this embodi-
ment each include the display portion for displaying some
sort of data.

[0215] Next, application examples of the liquid crystal
display device will be described.

[0216] FIG. 14E illustrates an example in which a liquid
crystal display device is incorporated in a building structure.
FIG. 14E illustrates a housing 5022, a display portion 5023,
a remote control 5024 that is an operation portion, a speaker
5025, and the like. The liquid crystal display device is
incorporated in the building structure as a wall-hanging type
and can be provided without requiring a large space.
[0217] FIG. 14F illustrates another example in which a
liquid crystal display device is incorporated in a building
structure. A display module 5026 is incorporated in a pre-
fabricated bath unit 5027, so that a bather can view the
display module 5026.

[0218] Note that this embodiment shows, but is not limited
to, the wall and the prefabricated bath unit as examples of
the building structures. The liquid crystal display devices
can be provided in a variety of building structures.

[0219] Next, examples in which liquid crystal display
devices are incorporated in moving objects are described.
[0220] FIG. 14G shows an example in which a liquid
crystal display device is incorporated in a car. A display
module 5028 is incorporated in a car body 5029 of the car
and can display information related to the operation of the
car or information input from the inside or outside of the car
on demand. Note that the display module 5028 may have a
navigation function.

[0221] FIG. 14H shows an example in which a liquid
crystal display device is incorporated in a passenger air-
plane. FIG. 14H illustrates a usage pattern when a display
module 5031 is provided for a ceiling 5030 above a seat of
the passenger airplane. The display module 5031 is incor-
porated in the ceiling 5030 through a hinge portion 5032,
and a passenger can view the display module 5031 by
stretching of the hinge portion 5032. The display module
5031 has a function of displaying information by the opera-
tion of the passenger.

[0222] Note that this embodiment shows, but is not limited
to, bodies of a car and an airplane as examples of moving
objects. The liquid crystal display devices can be provided
for a variety of objects such as two-wheeled vehicles,
four-wheeled vehicles (including cars, buses, and the like),
trains (including monorails, railroads, and the like), and
vessels.

[0223] Note that in this specification and the like, in a
diagram or a text described in one embodiment, it is possible
to take out part of the diagram or the text and constitute an
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embodiment of the invention. Thus, in the case where a
diagram or a text related to a certain portion is described, the
context taken out from part of the diagram or the text is also
disclosed as one embodiment of the invention, and one
embodiment of the invention can be constituted. Therefore,
for example, in a diagram or a text in which one or more
active elements (e.g., transistors or diodes), wirings, passive
elements (e.g., capacitors or resistors), conductive layers,
insulating layers, semiconductor layers, organic materials,
inorganic materials, components, devices, operating meth-
ods, manufacturing methods, or the like are described, it is
possible to take out part of the diagram or the text and
constitute one embodiment of the invention. For example,
from a circuit diagram in which N circuit elements (e.g.,
transistors or capacitors; N is an integer) are provided, it is
possible to constitute one embodiment of the invention by
taking out M circuit elements (e.g., transistors or capacitors;
M is an integer, where M<N). As another example, it is
possible to constitute one embodiment of the invention by
taking out M layers (M is an integer, where M<N) from a
cross-sectional view in which N layers (N is an integer) are
provided. As another example, it is possible to constitute one
embodiment of the invention by taking out M elements (M
is an integer, where M<N) from a flow chart in which N
elements (N is an integer) are provided.

[0224] Note that in this specification and the like, in a
diagram or a text described in one embodiment, in the case
where at least one specific example is described, it will be
readily appreciated by those skilled in the art that a broader
concept of the specific example can be derived. Thus, in the
diagram or the text described in one embodiment, in the case
where at least one specific example is described, a broader
concept of the specific example is disclosed as one embodi-
ment of the invention, and one embodiment of the invention
can be constituted.

[0225] Note that in this specification and the like, content
described in at least a diagram (or may be part of the
diagram) is disclosed as one embodiment of the invention,
and one embodiment of the invention can be constituted.
Thus, when certain content is described in a diagram, the
content is disclosed as one embodiment of the invention
even when the content is not described with a text, and one
embodiment of the invention can be constituted. Similarly,
part of a diagram that is taken out from the diagram is
disclosed as one embodiment of the invention, and one
embodiment of the invention can be constituted.

[0226] This application is based on Japanese Patent Appli-
cation Serial No. 2013-270825 filed with Japan Patent Office
on Dec. 27, 2013, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A display device comprising:

a signal line configured to be supplied with a data voltage
having a first potential and a second potential,

a first circuit capable of holding the first potential at a first
node and electrically connected to the signal line;

a second circuit capable of holding the second potential at
a second node and electrically connected to the first
circuit;

a first transistor comprising a first gate terminal, a first
terminal, and a second terminal, wherein the first gate
terminal of the first transistor is electrically connected
to the first node and configured to be supplied with the
first potential;
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a second transistor comprising a second gate terminal, a
third terminal, and a fourth terminal, wherein the
second gate terminal of the second transistor is elec-
trically connected to the second node and configured to
be supplied with the second potential;

a display element comprising one electrode, wherein the
one electrode of the display element is electrically
connected to the first terminal of the first transistor and
the third terminal of the second transistor;

a first wiring configured to be supplied with a first signal
and electrically connected to the second terminal of the
first transistor; and

a second wiring configured to be supplied with a second
signal and electrically connected to the fourth terminal
of the second transistor.

2. The display device according to claim 1,

wherein the first circuit comprises:

a third transistor comprising a third gate terminal, a
fifth terminal, and a sixth terminal, and

wherein the second circuit comprises:

a fourth transistor comprising a fourth gate terminal
and a seventh terminal; and

a fifth transistor comprising a fifth gate terminal and an
eighth terminal,

wherein the third gate terminal of the third transistor is
electrically connected to a scan signal line,

wherein the fifth terminal is electrically connected to the
signal line,

wherein the sixth terminal is electrically connected to the
first node,

wherein the fourth gate terminal is electrically connected
to the first node,

wherein the seventh terminal is electrically connected to
the second node,

wherein the fifth gate terminal is electrically connected to
a reset signal line, and

wherein the eighth terminal is electrically connected to
the second node.

3. The display device according to claim 2, wherein each
of the third to fifth transistors comprises a channel formation
region in an oxide semiconductor layer.

4. The display device according to claim 2,

wherein the first circuit comprises a first capacitor,

wherein one electrode of the first capacitor is electrically
connected to the first node,

wherein the second circuit comprises a second capacitor,
and

wherein one electrode of the second capacitor is electri-
cally connected to the second node.

5. The display device according to claim 4, wherein the
other electrode of the first capacitor and the other electrode
of the second capacitor are electrically connected to a third
wiring configured to be supplied with one of the first
potential and the second potential.

6. The display device according to claim 1, wherein the
first potential is higher than the second potential.

7. The display device according to claim 1, wherein a
potential of the first signal is lower than the first potential
and higher than the second potential.

8. The display device according to claim 1,

wherein the display element comprises a liquid crystal
layer, and

wherein the one electrode of the display element is a
reflective electrode.
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9. The display device according to claim 8,

wherein the first signal allows light to pass through the
liquid crystal layer, and

wherein the second signal prevents light from passing
through the liquid crystal layer.

10. The display device according to claim 1, wherein the

display element comprises a light-emitting layer.

11. An electronic device comprising the display device
according to claim 1.

12. A liquid crystal display device:

a signal line configured to be supplied with a data voltage

having a first potential and a second potential;

a reset signal line configured to be supplied with a reset
signal;

a scan signal line configured to be supplied with a scan
signal;

a first circuit comprising a first node and electrically
connected to the signal line and the scan signal line;

a second circuit comprising a second node and electrically
connected to the reset signal line;

a first transistor comprising a first gate terminal and a first
terminal, wherein the first gate terminal of the first
transistor is electrically connected to the first node;

a second transistor comprising a second gate terminal and
second terminal, wherein the second gate terminal of
the second transistor is electrically connected to the
second node; and
liquid crystal element comprising one electrode,
wherein the one electrode of the liquid crystal element
is electrically connected to the first terminal of the first
transistor and the second terminal of the second tran-
sistor,

wherein the first circuit is configured so that the second
potential is held at the first node in response to supply
of the scan signal to the first circuit and then one of the
first potential and the second potential is held at the first
node in response to supply of the data voltage to the
first circuit,

wherein the second circuit is configured so that the first
potential is held at the second node in response to
supply of the reset signal to the second circuit and then
the other of the first potential and the second potential
is held at the second node in response to the supply of
the data voltage to the first circuit, and

wherein the first potential is higher than the second
potential.

13. The liquid crystal display device according to claim

12,

wherein the first transistor further comprises a third
terminal,

wherein the third terminal of the first transistor is elec-
trically connected to a first wiring configured to be

16
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supplied with a first signal which allows light to pass
through a liquid crystal layer,

wherein the first transistor further comprises a fourth

terminal,
wherein the fourth terminal of the second transistor is
electrically connected to a second wiring configured to
be supplied with a second signal which prevents light
from passing through the liquid crystal layer, and

wherein the one electrode of the liquid crystal element is
a reflective electrode.

14. The liquid crystal display device according to claim
13, wherein a potential of the first signal is lower than the
first potential and higher than the second potential.

15. The liquid crystal display device according to claim
12,

wherein the first circuit comprises:

a third transistor comprising a third gate terminal, a
fifth terminal, and a sixth terminal, and

wherein the second circuit comprises:

a fourth transistor comprising a fourth gate terminal
and a seventh terminal; and

a fifth transistor comprising a fifth gate terminal and an
eighth terminal,

wherein the third gate terminal of the third transistor is

electrically connected to the scan signal line,

wherein the fifth terminal is electrically connected to the

signal line,

wherein the sixth terminal is electrically connected to the

first node,

wherein the fourth gate terminal is electrically connected

to the first node,

wherein the seventh terminal is electrically connected to

the second node,

wherein the fifth gate terminal is electrically connected to

the reset signal line, and

wherein the eighth terminal is electrically connected to

the second node.

16. The liquid crystal display device according to claim
15, wherein each of the third to fifth transistors comprises a
channel formation region in an oxide semiconductor layer.

17. The liquid crystal display device according to claim
15,

wherein the first circuit comprises a first capacitor,

wherein one electrode of the first capacitor is electrically

connected to the first node,

wherein the second circuit comprises a second capacitor,

and wherein one electrode of the second capacitor is
electrically connected to the second node.

18. An electronic device comprising the liquid crystal
display device according to claim 12.
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