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Description

TECHNICAL FIELD

[0001] The present invention relates to display devic-
es, liquid crystal display devices, semiconductor devices,
production methods thereof, or methods for using the
display devices, the liquid crystal display devices, or the
semiconductor devices. In particular, the present inven-
tion relates to driving methods of display devices, liquid
crystal display devices, semiconductor devices, or the
like, or signal processing methods thereof.

BACKGROUND ART

[0002] In recent years, flat panel displays typified by
liquid crystal displays have been widely used. In addition,
flat panels have been further improved in many respects.
One of specifications of flat panels is resolution (or the
number of pixels). Resolution has also been drastically
improved.
[0003] Therefore, a super-resolution processing tech-
nology, which is a technology for converting low-resolu-
tion images into high-resolution images, has been stud-
ied (see References 1 to 3).

[Reference]

[0004]

Reference 1: Japanese Published Patent Applica-
tion No. 2008-160565
Reference 2: Japanese Published Patent Applica-
tion No. 2008-085411
Reference 3: Japanese Published Patent Applica-
tion No. 2008-252701

DISCLOSURE OF INVENTION

[0005] The invention is defined in appended claim 1.
Preferred embodiments are described in appended de-
pendent claims. In liquid crystal displays, a variety of
methods for improving image quality have been studied.
Therefore, in flat panel displays typified by liquid crystal
displays, in the case where processing for improving im-
age quality is performed, a variety of problems may be
caused. For example, any of the following problems may
be caused; the decrease in image quality, impossibility
of display of correct images, the increase in power con-
sumption, the increase in noise, necessity of extra com-
ponents, the increase in cost, the increase in the size of
devices, the increase in the frames of display devices,
the decrease in processing speed, the decrease in dis-
play speed, and the decrease in frame frequency.
[0006] From the above, it is an object of one embodi-
ment of the present invention to provide a device having
higher image quality, a driving method thereof, or a man-
ufacturing method thereof. Alternatively, it is an object of

one embodiment of the present invention to provide a
device which displays a correct image, a driving method
thereof, or a manufacturing method thereof. Alternative-
ly, it is an object of one embodiment of the present in-
vention to provide a device with low power consumption,
a driving method thereof, or a manufacturing method
thereof. Alternatively, it is an object of one embodiment
of the present invention to provide a device with little
noise, a driving method thereof, or a manufacturing meth-
od thereof. Alternatively, it is an object of one embodi-
ment of the present invention to provide a device having
fewer components, a driving method thereof, or a man-
ufacturing method thereof. Alternatively, it is an object of
one embodiment of the present invention to provide a
device manufactured at low cost, a driving method there-
of, or a manufacturing method thereof. Alternatively, it is
an object of one embodiment of the present invention to
provide a smaller device, a driving method thereof, or a
manufacturing method thereof. Alternatively, it is an ob-
ject of one embodiment of the present invention to pro-
vide a device with a narrow frame, a driving method there-
of, or a manufacturing method thereof. Alternatively, it is
an object of one embodiment of the present invention to
provide a high-speed processing device, a driving meth-
od thereof, or a manufacturing method thereof. Alterna-
tively, it is an object of one embodiment of the present
invention to provide a device which performs display at
high speed, a driving method thereof, or a manufacturing
method thereof. Alternatively, it is an object of one em-
bodiment of the present invention to provide a device
whose frame frequency is not low, a driving method there-
of, or a manufacturing method thereof. Alternatively, it is
an object of one embodiment of the present invention to
provide a device with fewer afterimages, a driving method
thereof, or a manufacturing method thereof. Alternative-
ly, it is an object of one embodiment of the present in-
vention to provide a high-contrast device, a driving meth-
od thereof, or a manufacturing method thereof. Note that
the description of these objects does not impede the ex-
istence of other objects. Note that in one embodiment of
the present invention, there is no need to achieve all the
objects.
[0007] After interpolation of frame data for displaying
an image at higher frame frequency is performed, a low-
resolution image is converted into a high-resolution im-
age with a super-resolution processing technology.
Then, image processing such as edge enhancement, da-
ta processing for local dimming (local luminance control)
using a backlight, data processing for overdrive, or the
like is performed.
[0008] Alternatively, interpolation of frame data for dis-
playing an image at higher frame frequency is performed
and a low-resolution image is converted into a high-res-
olution image with a super-resolution processing tech-
nology. Then, image processing such as edge enhance-
ment, or interpolation of frame data for displaying an im-
age at higher frame frequency are performed. After that,
data processing for local dimming using a backlight, data
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processing for overdrive, or the like is performed.
[0009] Therefore, a method for driving a liquid crystal
display device, which includes a first step of performing
frame interpolation processing and a second step of per-
forming super-resolution processing, is provided. The
second step is performed after the first step.
[0010] Alternatively, a method for driving a liquid crys-
tal display device, which includes a first step of perform-
ing frame interpolation processing and a second step of
performing super-resolution processing, is provided. A
period during which the first step and the second step
are concurrently performed is provided.
[0011] Alternatively, a method for driving a liquid crys-
tal display device, which includes a first step of perform-
ing frame interpolation processing, a second step of per-
forming first super-resolution processing, and a third step
of performing second super-resolution processing, is
provided. The second step or the third step is performed
after the first step.
[0012] Alternatively, a method for driving a liquid crys-
tal display device, which includes a first step of perform-
ing frame interpolation processing, a second step of per-
forming super-resolution processing, and a third step of
performing local dimming processing, is provided. The
second step is performed after the first step. The third
step is performed after the second step.
[0013] Alternatively, a method for driving a liquid crys-
tal display device, which includes a first step of perform-
ing frame interpolation processing, a second step of per-
forming super-resolution processing, a third step of per-
forming local dimming processing, and a fourth step of
performing overdrive processing, is provided. The sec-
ond step is performed after the first step. The third step
is performed after the second step. The fourth step is
performed after the third step.
[0014] Note that a variety of switches can be used as
a switch. For example, an electrical switch, a mechanical
switch, or the like can be used. That is, any element can
be used as long as it can control a current flow, without
limitation to a certain element. For example, a transistor
(e.g., a bipolar transistor or a MOS transistor), a diode
(e.g., a PN diode, a PIN diode, a Schottky diode, an MIM
(metal insulator metal) diode, an MIS (metal insulator
semiconductor) diode, or a diode-connected transistor),
or the like can be used as a switch. Alternatively, a logic
circuit in which such elements are combined can be used
as a switch.
[0015] An example of a mechanical switch is a switch
formed using a MEMS (micro electro mechanical system)
technology, such as a digital micromirror device (DMD).
Such a switch includes an electrode which can be moved
mechanically, and operates by controlling conduction
and non-conduction in accordance with movement of the
electrode.
[0016] In the case of using a transistor as a switch, the
polarity (conductivity type) of the transistor is not partic-
ularly limited to a certain type because it operates just
as a switch. However, a transistor having polarity with

smaller off-state current is preferably used when the
amount of off-state current is to be suppressed. Exam-
ples of a transistor with smaller off-state current are a
transistor provided with an LDD region, a transistor with
a multi-gate structure, and the like. Further, an n-channel
transistor is preferably used when a potential of a source
terminal of the transistor which is operated as a switch
is close to a potential of a low-potential-side power supply
(e.g., Vss, GND, or 0 V). On the other hand, a p-channel
transistor is preferably used when the potential of the
source terminal is close to a potential of a high-potential-
side power supply (e.g., Vdd). This is because the abso-
lute value of gate-source voltage can be increased when
the potential of the source terminal of the n-channel tran-
sistor is close to a potential of a low-potential-side power
supply and when the potential of the source terminal of
the p-channel transistor is close to a potential of a high-
potential-side power supply, so that the transistor can be
more accurately operated as a switch. This is also be-
cause the transistor does not often perform source fol-
lower operation, so that reduction in output voltage does
not often occur.
[0017] Note that a CMOS switch may be used as a
switch by using both an n-channel transistor and a p-
channel transistor. By using a CMOS switch, the switch
can be more accurately operated as a switch because
current can flow when either the p-channel transistor or
the n-channel transistor is turned on. For example, volt-
age can be appropriately output regardless of whether
voltage of an input signal to the switch is high or low. In
addition, since the voltage amplitude value of a signal for
turning on or off the switch can be made smaller, power
consumption can be reduced.
[0018] Note that when a transistor is used as a switch,
the switch includes an input terminal (one of a source
terminal and a drain terminal), an output terminal (the
other of the source terminal and the drain terminal), and
a terminal for controlling conduction (a gate terminal). On
the other hand, when a diode is used as a switch, the
switch does not include a terminal for controlling conduc-
tion in some cases. Therefore, when a diode is used as
a switch, the number of wirings for controlling terminals
can be further reduced as compared to the case of using
a transistor.
[0019] Note that when it is explicitly described that "A
and B are connected", the case where A and B are elec-
trically connected, the case where A and B are function-
ally connected, and the case where A and B are directly
connected are included therein. Here, each of A and B
is an object (e.g., a device, an element, a circuit, a wiring,
an electrode, a terminal, a conductive film, or a layer).
Accordingly, another element may be interposed be-
tween elements having a connection relation illustrated
in drawings and texts, without limitation to a predeter-
mined connection relation, for example, the connection
relation illustrated in the drawings and the texts.
[0020] For example, in the case where A and B are
electrically connected, one or more elements which en-
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able electrical connection between A and B (e.g., a
switch, a transistor, a capacitor, an inductor, a resistor,
and/or a diode) may be connected between A and B.
Alternatively, in the case where A and B are functionally
connected, one or more circuits which enable functional
connection between A and B (e.g., a logic circuit such as
an inverter, a NAND circuit, or a NOR circuit; a signal
converter circuit such as a DA converter circuit, an AD
converter circuit, or a gamma correction circuit; a poten-
tial level converter circuit such as a power supply circuit
(e.g., a dc-dc converter, a step-up dc-dc converter, or a
step-down dc-dc converter) or a level shifter circuit for
changing a potential level of a signal; a voltage source;
a current source; a switching circuit; an amplifier circuit
such as a circuit which can increase signal amplitude,
the amount of current, or the like, an operational amplifier,
a differential amplifier circuit, a source follower circuit, or
a buffer circuit; a signal generation circuit; a memory cir-
cuit; and/or a control circuit) may be connected between
A and B. For example, in the case where a signal output
from A is transmitted to B even when another circuit is
interposed between A and B, A and B are functionally
connected.
[0021] Note that when it is explicitly described that "A
and B are electrically connected", the case where A and
B are electrically connected (i.e., the case where A and
B are connected with another element or another circuit
interposed therebetween), the case where A and B are
functionally connected (i.e., the case where A and B are
functionally connected with another circuit interposed
therebetween), and the case where A and B are directly
connected (i.e., the case where A and B are connected
without another element or another circuit interposed
therebetween) are included therein. That is, when it is
explicitly described that "A and B are electrically connect-
ed", the description is the same as the case where it is
explicitly only described that "A and B are connected".
[0022] Note that a display element, a display device
which is a device including a display element, a light-
emitting element, and a light-emitting device which is a
device including a light-emitting element can employ var-
ious modes and can include various elements. For ex-
ample, a display medium, whose contrast, luminance,
reflectivity, transmittance, or the like changes by electro-
magnetic action, such as an EL (electroluminescence)
element (e.g., an EL element including organic and inor-
ganic materials, 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 which
emits light depending on the amount of current), an elec-
tron emitter, a liquid crystal element, electronic ink, an
electrophoretic element, a grating light valve (GLV), a
plasma display panel (PDP), a digital micromirror device
(DMD), a piezoelectric ceramic display, or a carbon na-
notube can be used as a display element, a display de-
vice, a light-emitting element, or a light-emitting device.
Note that display devices having EL elements include an
EL display; display devices having electron emitters in-

clude a field emission display (FED), an SED-type flat
panel display (SED: surface-conduction electron-emitter
display), and the like; display devices having liquid crystal
elements include a liquid crystal display (e.g., a trans-
missive liquid crystal display, a transflective liquid crystal
display, a reflective liquid crystal display, a direct-view
liquid crystal display, or a projection liquid crystal dis-
play); display devices having electronic ink or electro-
phoretic elements include electronic paper.
[0023] Note that an EL element is an element including
an anode, a cathode, and an EL layer interposed between
the anode and the cathode. Note that as an EL layer, a
layer utilizing light emission (fluorescence) from a singlet
exciton, a layer utilizing light emission (phosphores-
cence) from a triplet exciton, a layer utilizing light emis-
sion (fluorescence) from a singlet exciton and light emis-
sion (phosphorescence) from a triplet exciton, a layer
formed using an organic material, a layer formed using
an inorganic material, a layer formed using an organic
material and an inorganic material, a layer including a
high-molecular material, a layer including a low-molecu-
lar material, a layer including a high-molecular material
and a low-molecular material, or the like can be used.
Note that the present invention is not limited to this, and
a variety of EL elements can be used as an EL element.
[0024] Note that an electron emitter is an element in
which electrons are extracted by high electric field con-
centration on a cathode. For example, as an electron
emitter, a Spindt type, a carbon nanotube (CNT) type, a
metal-insulator-metal (MIM) type in which a metal, an
insulator, and a metal are stacked, a metal-insulator-
semiconductor (MIS) type in which a metal, an insulator,
and a semiconductor are stacked, a MOS type, a silicon
type, a thin film diode type, a diamond type, a thin film
type in which a metal, an insulator, a semiconductor, and
a metal are stacked, a HEED type, an EL type, a porous
silicon type, a surface-conduction (SCE) type, or the like
can be used. Note that the present invention is not limited
to this, and a variety of elements can be used as an elec-
tron emitter.
[0025] Note that a liquid crystal element is an element
which controls transmission or non-transmission of light
by optical modulation action of liquid crystals and in-
cludes a pair of electrodes and liquid crystals. Note that
the optical modulation action of liquid crystals is control-
led by an electric field applied to the liquid crystals (in-
cluding a horizontal electric field, a vertical electric field,
and a diagonal electric field). Note that the following can
be used for a liquid crystal element: a nematic liquid crys-
tal, a cholesteric liquid crystal, a smectic liquid crystal, a
discotic liquid crystal, a thermotropic liquid crystal, a lyo-
tropic liquid crystal, a low-molecular liquid crystal, a high-
molecular liquid crystal, a polymer dispersed liquid crys-
tal (PDLC), a ferroelectric liquid crystal, an anti-ferroe-
lectric liquid crystal, a main-chain liquid crystal, a side-
chain high-molecular liquid crystal, a plasma addressed
liquid crystal (PALC), a banana-shaped liquid crystal, and
the like. In addition, the following can be used as a diving
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method of a liquid crystal: a TN (twisted nematic) mode,
an STN (super twisted nematic) mode, an IPS (in-plane-
switching) mode, an FFS (fringe field switching) mode,
an MVA (multi-domain vertical alignment) mode, a PVA
(patterned vertical alignment) mode, an ASV (advanced
super view) mode, an ASM (axially symmetric aligned
microcell) mode, an OCB (optically compensated bire-
fringence) mode, an ECB (electrically controlled birefrin-
gence) mode, an FLC (ferroelectric liquid crystal) mode,
an AFLC (anti-ferroelectric liquid crystal) mode, a PDLC
(polymer dispersed liquid crystal) mode, a guest-host
mode, a blue phase mode, and the like. Note that the
present invention is not limited to this, and a variety of
liquid crystal elements and driving methods thereof can
be used as a liquid crystal element and a driving method
thereof.
[0026] Note that electronic paper corresponds to a de-
vice for displaying images by molecules (a device which
utilizes optical anisotropy, dye molecular orientation, or
the like), a device for displaying images by particles (a
device which utilizes electrophoresis, particle movement,
particle rotation, phase change, or the like), a device for
displaying images by movement of one end of a film, a
device for displaying images by using coloring properties
or phase change of molecules, a device for displaying
images by using optical absorption by molecules, or a
device for displaying images by using self-light emission
by combination of electrons and holes. For example, the
following can be used for a display method of electronic
paper: microcapsule electrophoresis, horizontal electro-
phoresis, vertical electrophoresis, a spherical twisting
ball, a magnetic twisting ball, a columnar twisting ball, a
charged toner, an electron powder and granular material,
magnetic electrophoresis, a magnetic thermosensitive
type, electro wetting, light-scattering (transparent-
opaque change), a cholesteric liquid crystal and a pho-
toconductive layer, a cholesteric liquid crystal device, a
bistable nematic liquid crystal, a ferroelectric liquid crys-
tal, a liquid crystal dispersed type with a dichroic dye, a
movable film, coloring and decoloring properties of a leu-
co dye, photochromism, electrochromism, electrodepo-
sition, flexible organic EL, and the like. Note that the
present invention is not limited to this, and a variety of
electronic paper and display methods thereof can be
used as electronic paper and a driving method thereof.
Here, by using microcapsule electrophoresis, defects of
electrophoresis, which are aggregation and precipitation
of phoresis particles, can be solved. Electron powder and
granular material has advantages such as high-speed
response, high reflectivity, wide viewing angle, low power
consumption, and memory properties.
[0027] Note that a plasma display panel has a structure
where a substrate having a surface provided with an elec-
trode faces with a substrate having a surface provided
with an electrode and a minute groove in which a phos-
phor layer is formed at a narrow interval and a rare gas
is sealed therein. Alternatively, the plasma display panel
can have a structure where a plasma tube is sandwiched

between film-form electrodes from the top and the bot-
tom. The plasma tube is formed by sealing a discharge
gas, RGB fluorescent materials, and the like inside a
glass tube. Note that the plasma display panel can per-
form display by application of voltage between the elec-
trodes to generate an ultraviolet ray so that a phosphor
emits light. Note that the plasma display panel may be a
DC-type PDP or an AC-type PDP. Here, as a driving
method of the plasma display panel, AWS (address while
sustain) driving, ADS (address display separated) driving
in which a subframe is divided into a reset period, an
address period, and a sustain period, CLEAR (high-con-
trast and low energy address and reduction of false con-
tour sequence) driving, ALIS (alternate lighting of surfac-
es) method, TERES (technology of reciprocal sustainer)
driving, or the like can be used. Note that the present
invention is not limited to this, and a variety of driving
methods can be used as a driving method of a plasma
display panel.
[0028] Note that electroluminescence, a cold cathode
fluorescent lamp, a hot cathode fluorescent lamp, an
LED, a laser light source, a mercury lamp, or the like can
be used as a light source of a display device in which a
light source is needed, such as 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 display, or a projection liquid
crystal display), a display device including a grating light
valve (GLV), or a display device including a digital micro-
mirror device (DMD). Note that the present invention is
not limited to this, and a variety of light sources can be
used as a light source.
[0029] Note that a variety of transistors can be used
as a transistor, without limitation to a certain type. For
example, a thin film transistor (TFT) including a non-sin-
gle-crystal semiconductor film typified by amorphous sil-
icon, polycrystalline silicon, microcrystalline (also re-
ferred to as microcrystal, nanocrystal, or semi-amor-
phous) silicon, or the like can be used. In the case of
using the TFT, there are various advantages. For exam-
ple, since the TFT can be formed at temperature which
is lower than that of the case of using single crystal silicon,
manufacturing cost can be reduced or a manufacturing
apparatus can be made larger. Since the manufacturing
apparatus can be made larger, the TFT can be formed
using a large substrate. Therefore, many display devices
can be formed at the same time at low cost. In addition,
since the manufacturing temperature is low, a substrate
having low heat resistance can be used. Therefore, the
transistor can be formed using a light-transmitting sub-
strate. Further, transmission of light in a display element
can be controlled by using the transistor formed using
the light-transmitting substrate. Alternatively, part of a
film included in the transistor can transmit light because
the thickness of the transistor is small. Therefore, the
aperture ratio can be improved.
[0030] Note that by using a catalyst (e.g., nickel) in the
case of forming polycrystalline silicon, crystallinity can
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be further improved and a transistor having excellent
electrical characteristics can be formed. Accordingly, a
gate driver circuit (e.g., a scan line driver circuit), a source
driver circuit (e.g., a signal line driver circuit), and/or a
signal processing circuit (e.g., a signal generation circuit,
a gamma correction circuit, or a DA converter circuit) can
be formed using the same substrate as a pixel portion.
[0031] Note that by using a catalyst (e.g., nickel) in the
case of forming microcrystalline silicon, crystallinity can
be further improved and a transistor having excellent
electrical characteristics can be formed. In this case,
crystallinity can be improved by just performing heat
treatment without performing laser irradiation. Accord-
ingly, a gate driver circuit (e.g., a scan line driver circuit)
and part of a source driver circuit (e.g., an analog switch)
can be formed using the same substrate as a pixel por-
tion. In addition, in the case of not performing laser irra-
diation for crystallization, unevenness in crystallinity of
silicon can be suppressed. Therefore, high-quality imag-
es can be displayed.
[0032] Note that polycrystalline silicon and microcrys-
talline silicon can be formed without using a catalyst (e.g.,
nickel).
[0033] Note that it is preferable that crystallinity of sil-
icon be improved to polycrystal, microcrystal, or the like
in the whole panel; however, the present invention is not
limited to this. Crystallinity of silicon may be improved
only in part of the panel. Selective improvement in crys-
tallinity is possible by selective laser irradiation or the
like. For example, only a peripheral driver circuit region
excluding pixels may be irradiated with laser light. Alter-
natively, only a region of a gate driver circuit, a source
driver circuit, or the like may be irradiated with laser light.
Alternatively, only part of a source driver circuit (e.g., an
analog switch) may be irradiated with laser light. Accord-
ingly, crystallinity of silicon can be improved only in a
region in which a circuit needs to be operated at high
speed. Since a pixel region is not particularly needed to
be operated at high speed, even if crystallinity is not im-
proved, the pixel circuit can be operated without prob-
lems. Since a region whose crystallinity is improved is
small, manufacturing steps can be decreased, through-
put can be increased, and manufacturing cost can be
reduced. Since the number of necessary manufacturing
apparatus is small, manufacturing cost can be reduced.
[0034] A transistor can be formed using a semiconduc-
tor substrate, an SOI substrate, or the like. Thus, a tran-
sistor with fewer variations in characteristics, sizes,
shapes, or the like, with high current supply capability,
and with a small size can be formed. By using such a
transistor, power consumption of a circuit can be reduced
or a circuit can be highly integrated.
[0035] A transistor including a compound semiconduc-
tor or an oxide semiconductor, such as ZnO, a-InGaZnO,
SiGe, GaAs, IZO (indium zinc oxide), ITO (indium tin ox-
ide), SnO, TiO, or AlZnSnO (AZTO), a thin film transistor
obtained by thinning such a compound semiconductor
or an oxide semiconductor, or the like can be used. Thus,

manufacturing temperature can be lowered and for ex-
ample, such a transistor can be formed at room temper-
ature. Accordingly, the transistor can be formed directly
on a substrate having low heat resistance, such as a
plastic substrate or a film substrate. Note that such a
compound semiconductor or an oxide semiconductor
can be used not only for a channel portion of the transistor
but also for other applications. For example, such a com-
pound semiconductor or an oxide semiconductor can be
used for a resistor, a pixel electrode, or a light-transmit-
ting electrode. Further, since such an element can be
formed at the same time as the transistor, cost can be
reduced.
[0036] A transistor or the like formed by an inkjet meth-
od or a printing method can be used. Thus, a transistor
can be formed at room temperature, can be formed at a
low vacuum, or can be formed using a large substrate.
Since the transistor can be formed without using a mask
(reticle), the layout of the transistor can be easily
changed. Further, since it is not necessary to use a resist,
material cost is reduced and the number of steps can be
reduced. Furthermore, since a film is formed only in a
necessary portion, a material is not wasted as compared
to a manufacturing method by which etching is performed
after the film is formed over the entire surface, so that
cost can be reduced.
[0037] A transistor or the like including an organic sem-
iconductor or a carbon nanotube can be used. Thus, such
a transistor can be formed over a flexible substrate. A
semiconductor device formed using such a substrate can
resist shocks.
[0038] Further, transistors with a variety of structures
can be used. For example, a MOS transistor, a junction
transistor, a bipolar transistor, or the like can be used as
a transistor. By using a MOS transistor, the size of the
transistor can be reduced. Thus, a large number of tran-
sistors can be mounted. By using a bipolar transistor,
large current can flow. Thus, a circuit can be operated at
high speed.
[0039] Note that a MOS transistor, a bipolar transistor,
and the like may be formed over one substrate. Thus,
reduction in power consumption, reduction in size, high-
speed operation, and the like can be achieved.
[0040] Furthermore, a variety of transistors can be
used.
[0041] Note that a transistor can be formed using a
variety of substrates, without limitation to a certain type.
As the substrate, a single crystal substrate (e.g., a silicon
substrate), an SOI substrate, a glass substrate, a quartz
substrate, a plastic substrate, a metal substrate, a stain-
less steel substrate, a substrate including stainless steel
foil, a tungsten substrate, a substrate including tungsten
foil, a flexible substrate, or the like can be used, for ex-
ample. As a glass substrate, a barium borosilicate glass
substrate, an aluminoborosilicate glass substrate, or the
like can be used, for example. For a flexible substrate, a
flexible synthetic resin such as plastics typified by poly-
ethylene terephthalate (PET), polyethylene naphthalate

9 10 



EP 2 394 263 B1

7

5

10

15

20

25

30

35

40

45

50

55

(PEN), and polyether sulfone (PES), or acrylic can be
used, for example. Alternatively, an attachment film
(formed using polypropylene, polyester, vinyl, polyvinyl
fluoride, polyvinyl chloride, or the like), paper of a fibrous
material, a base material film (formed using polyester,
polyamide, polyimide, an inorganic vapor deposition film,
paper, or the like), or the like can be used. Alternatively,
the transistor may be formed using one substrate, and
then, the transistor may be transferred to another sub-
strate. A single crystal substrate, an SOI substrate, a
glass substrate, a quartz substrate, a plastic substrate,
a paper substrate, a cellophane substrate, a stone sub-
strate, a wood substrate, a cloth substrate (including a
natural fiber (e.g., silk, cotton, or hemp), a synthetic fiber
(e.g., nylon, polyurethane, or polyester), a regenerated
fiber (e.g., acetate, cupra, rayon, or regenerated polyes-
ter), or the like), a leather substrate, a rubber substrate,
a stainless steel substrate, a substrate including a stain-
less steel foil, or the like can be used as a substrate to
which the transistor is transferred. Alternatively, a skin
(e.g., epidermis or corium) or hypodermal tissue of an
animal such as a human being can be used as a substrate
to which the transistor is transferred. Alternatively, the
transistor may be formed using one substrate and the
substrate may be thinned by polishing. A single crystal
substrate, an SOI substrate, a glass substrate, a quartz
substrate, a plastic substrate, a stainless steel substrate,
a substrate including a stainless steel foil, or the like can
be used as a substrate to be polished. By using such a
substrate, a transistor with excellent properties or a tran-
sistor with low power consumption can be formed, a de-
vice with high durability and high heat resistance can be
provided, or reduction in weight or thickness can be
achieved.
[0042] Note that the structure of a transistor can be a
variety of structures, without limitation to a certain struc-
ture. For example, a multi-gate structure having two or
more gate electrodes can be used. By using the multi-
gate structure, a structure where a plurality of transistors
are connected in series is provided because channel re-
gions are connected in series. With the multi-gate struc-
ture, the amount of off-state current can be reduced and
the withstand voltage of the transistor can be increased
(reliability can be improved). Further, with the multi-gate
structure, drain-source current does not fluctuate very
much even when drain-source voltage fluctuates when
the transistor operates in a saturation region, so that a
flat slope of voltage-current characteristics can be ob-
tained. By utilizing the flat slope of the voltage-current
characteristics, an ideal current source circuit or an active
load having an extremely large resistance value can be
realized. Accordingly, a differential circuit or a current
mirror circuit having excellent properties can be realized.
[0043] As another example, a structure where gate
electrodes are formed above and below a channel can
be used. By using the structure where gate electrodes
are formed above and below the channel, a channel re-
gion is increased, so that the amount of current can be

increased. Alternatively, by using the structure where
gate electrodes are formed above and below the channel,
a depletion layer can be easily formed, so that subthresh-
old swing can be improved. Note that when the gate elec-
trodes are formed above and below the channel, a struc-
ture where a plurality of transistors are connected in par-
allel is provided.
[0044] A structure where a gate electrode is formed
above a channel region, a structure where a gate elec-
trode is formed below a channel region, a staggered
structure, an inverted staggered structure, a structure
where a channel region is divided into a plurality of re-
gions, or a structure where channel regions are connect-
ed in parallel or in series can be used. Alternatively, a
structure where a source electrode or a drain electrode
overlaps with a channel region (or part of it) can be used.
By using the structure where the source electrode or the
drain electrode overlaps with the channel region (or part
of it), unstable operation due to accumulation of electric
charge in part of the channel region can be prevented.
Alternatively, a structure where an LDD region is provid-
ed can be used. By providing the LDD region, the amount
of off-state current can be reduced or the withstand volt-
age of the transistor can be increased (reliability can be
improved). Further, by providing the LDD region, drain-
source current does not fluctuate very much even when
drain-source voltage fluctuates when the transistor op-
erates in the saturation region, so that the inclination of
a voltage-current diagram can be flattened.
[0045] Note that a variety of transistors can be used
as a transistor, and the transistor can be formed using a
variety of substrates. Accordingly, all the circuits that are
necessary to realize a predetermined function can be
formed using the same substrate. For example, all the
circuits that are necessary to realize the predetermined
function can be formed using a glass substrate, a plastic
substrate, a single crystal substrate, an SOI substrate,
or any other substrate. When all the circuits that are nec-
essary to realize the predetermined function are formed
using the same substrate, cost can be reduced by reduc-
tion in the number of components or reliability can be
improved by reduction in the number of connections to
circuit components. Alternatively, some of the circuits
which are necessary to realize the predetermined func-
tion can be formed using one substrate and some of the
circuits which are necessary to realize the predetermined
function can be formed using another substrate. That is,
not all the circuits that are necessary to realize the pre-
determined function are required to be formed using the
same substrate. For example, some of the circuits which
are necessary to realize the predetermined function can
be formed by transistors using a glass substrate and
some of the circuits which are necessary to realize the
predetermined function can be formed using a single
crystal substrate, so that an IC chip formed by a transistor
using the single crystal substrate can be connected to
the glass substrate by COG (chip on glass) and the IC
chip may be provided over the glass substrate. Alterna-

11 12 



EP 2 394 263 B1

8

5

10

15

20

25

30

35

40

45

50

55

tively, the IC chip can be connected to the glass substrate
by TAB (tape automated bonding) or a printed wiring
board. When some of the circuits are formed using the
same substrate in this manner, cost can be reduced by
reduction in the number of components or reliability can
be improved by reduction in the number of connections
to circuit components. Alternatively, when circuits with
high driving voltage and high driving frequency, which
consume large power, are formed using a single crystal
substrate instead of forming such circuits using the same
substrate, and an IC chip formed by the circuits is used,
for example, the increase in power consumption can be
prevented.
[0046] Note that one pixel corresponds to the minimum
unit of an image. Accordingly, in the case of a full color
display device having color elements of R (red), G
(green), and B (blue), one pixel includes a dot of the color
element of R, a dot of the color element of G, and a dot
of the color element of B. Note that the color elements
are not limited to three colors, and color elements of more
than three colors may be used or a color other than RGB
may be used. For example, RGBW (W corresponds to
white) can be used by adding white. Alternatively, one or
more colors of yellow, cyan, magenta, emerald green,
vermilion, and the like may be added to RGB, for exam-
ple. Alternatively, a color which is similar to at least one
of R, G, and B may be added to RGB, for example. For
example, R, G, B1, and B2 may be used. Although both
B1 and B2 are blue, they have slightly different wave-
lengths. In a similar manner, R1, R2, G, and B may be
used. By using such color elements, display which is clos-
er to the real object can be performed or power consump-
tion can be reduced. Note that one pixel may include a
plurality of dots of color elements of the same color. In
this case, the plurality of color elements may have differ-
ent sizes of regions which contribute to display. Alterna-
tively, by separately controlling the plurality of dots of
color elements of the same color, gradation may be ex-
pressed. This method is referred to as an area-ratio gray
scale method. Alternatively, by using the plurality of dots
of color elements of the same color, signals supplied to
each of the plurality of dots may be slightly varied so that
the viewing angle is widened. That is, potentials of pixel
electrodes included in the plurality of color elements of
the same color may be different from each other. Accord-
ingly, voltage applied to liquid crystal molecules are var-
ied depending on the pixel electrodes. Therefore, the
viewing angle can be widened.
[0047] Note that in the case of illustrating a circuit di-
agram, for example, one pixel corresponds to one ele-
ment whose brightness can be controlled in some cases.
Therefore, in that case, one pixel corresponds to one
color element and brightness is expressed with the one
color element. Accordingly, in that case, in the case of a
color display device having color elements of R (red), G
(green), and B (blue), the minimum unit of an image in-
cludes three pixels of an R pixel, a G pixel, and a B pixel
in some cases.

[0048] Note that pixels are provided (arranged) in ma-
trix in some cases. Here, description that pixels are pro-
vided (arranged) in matrix includes the case where the
pixels are arranged in a straight line and the case where
the pixels are arranged in a jagged line, in a longitudinal
direction or a lateral direction. Thus, for example, in the
case of performing full color display with three color ele-
ments (e.g., RGB), the following cases are included: the
case where the pixels are arranged in stripes and the
case where dots of the three color elements are arranged
in a delta pattern. In addition, the case is also included
in which dots of the three color elements are provided in
Bayer arrangement. Note that the size of display regions
may be different between dots of color elements. Thus,
power consumption can be reduced or the life of a display
element can be prolonged.
[0049] Note that an active matrix method in which an
active element is included in a pixel or a passive matrix
method in which an active element is not included in a
pixel can be used.
[0050] In an active matrix method, as an active element
(a non-linear element), not only a transistor but also a
variety of active elements (non-linear elements) can be
used. For example, an MIM (metal insulator metal), a
TFD (thin film diode), or the like can also be used. Since
such an element has a small number of manufacturing
steps, manufacturing cost can be reduced or yield can
be improved. Further, since the size of the element is
small, the aperture ratio can be improved, so that power
consumption can be reduced or higher luminance can
be achieved.
[0051] Note that as a method other than the active ma-
trix method, a passive matrix method in which an active
element (a non-linear element) is not used can be used.
Since an active element (a non-linear element) is not
used, the number of manufacturing steps is small, so that
manufacturing cost can be reduced or yield can be im-
proved. Further, since an active element (a non-linear
element) is not used, the aperture ratio can be improved,
so that power consumption can be reduced or higher
luminance can be achieved.
[0052] Note that a transistor is an element having at
least three terminals of a gate, a drain, and a source. The
transistor has a channel region between a drain region
and a source region, and current can flow through the
drain region, the channel region, and the source region.
Here, since the source and the drain of the transistor
change depending on the structure, the operating con-
dition, and the like of the transistor, it is difficult to define
which is a source or a drain. Thus, a region which serves
as a source and 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, for example. Alternatively, one
of the source and the drain might be referred to as a first
electrode and the other of the source and the drain might
be referred to as a second electrode. Alternatively, one
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of the source and the drain might be referred to as a first
region and the other of the source and the drain might
be referred to as a second region.
[0053] Note that a transistor may be an element having
at least three terminals of a base, an emitter, and a col-
lector. In this case, in a similar manner, one of the emitter
and the collector might be referred to as a first terminal
and the other of the emitter and the collector might be
referred to as a second terminal.
[0054] Note that a semiconductor device corresponds
to a device having a circuit including a semiconductor
element (e.g., a transistor, a diode, or a thyristor). The
semiconductor device may also correspond to all devices
that can function by utilizing semiconductor characteris-
tics. In addition, the semiconductor device corresponds
to a device having a semiconductor material.
[0055] Note that a display device corresponds to a de-
vice having a display element. The display device may
include a plurality of pixels each having a display element.
Note that that the display device may include a peripheral
driver circuit for driving the plurality of pixels. The periph-
eral driver circuit for driving the plurality of pixels may be
formed using the same substrate as the plurality of pixels.
The display device may include a peripheral driver circuit
provided over a substrate by wire bonding or bump bond-
ing, namely, an IC chip connected by chip on glass (COG)
or an IC chip connected by TAB or the like. The display
device may include a flexible printed circuit (FPC) to
which an IC chip, a resistor, a capacitor, an inductor, a
transistor, or the like is attached. Note that the display
device may include a printed wiring board (PWB) which
is connected through a flexible printed circuit (FPC) and
to which an IC chip, a resistor, a capacitor, an inductor,
a transistor, or the like is attached. The display device
may include an optical sheet such as a polarizing plate
or a retardation plate. The display device may include a
lighting device, a housing, an audio input and output de-
vice, an optical sensor, or the like.
[0056] Note that a lighting device may include a back-
light unit, a light guide plate, a prism sheet, a diffusion
sheet, a reflective sheet, a light source (e.g., an LED or
a cold cathode fluorescent lamp), a cooling device (e.g.,
a water cooling device or an air cooling device), or the like.
[0057] Note that a light-emitting device corresponds to
a device having a light-emitting element or the like. In the
case where a light-emitting device includes a light-emit-
ting element as a display element, the light-emitting de-
vice is one of specific examples of a display device.
[0058] Note that a reflective device corresponds to a
device having a light-reflective element, a light diffraction
element, light-reflective electrode, or the like.
[0059] Note that a liquid crystal display device corre-
sponds to a display device including a liquid crystal ele-
ment. Liquid crystal display devices include a direct-view
liquid crystal display, a projection liquid crystal display,
a transmissive liquid crystal display, a reflective liquid
crystal display, a transflective liquid crystal display, and
the like.

[0060] Note that a driving device corresponds to a de-
vice having a semiconductor element, an electric circuit,
or an electronic circuit. For example, a transistor which
controls input of signals from a source signal line to pixels
(also referred to as a selection transistor, a switching
transistor, or the like), a transistor which supplies voltage
or current to a pixel electrode, a transistor which supplies
voltage or current to a light-emitting element, and the like
are examples of the driving device. A circuit which sup-
plies signals to a gate signal line (also referred to as a
gate driver, a gate line driver circuit, or the like), a circuit
which supplies signals to a source signal line (also re-
ferred to as a source driver, a source line driver circuit,
or the like), and the like are also examples of the driving
device.
[0061] Note that a display device, a semiconductor de-
vice, a lighting device, a cooling device, a light-emitting
device, a reflective device, a driving device, and the like
overlap with each other in some cases. For example, a
display device includes a semiconductor device and a
light-emitting device in some cases. Alternatively, a sem-
iconductor device includes a display device and a driving
device in some cases.
[0062] Note that when it is explicitly described that "B
is formed on A" or "B is formed over A", it does not nec-
essarily mean that B is formed in direct contact with A.
The description includes the case where A and B are not
in direct contact with each other, i.e., the case where
another object is interposed between A and B. Here, each
of A and B is an object (e.g., a device, an element, a
circuit, a wiring, an electrode, a terminal, a conductive
film, or a layer).
[0063] Accordingly, for example, when it is explicitly
described that "a layer B is formed on (or over) a layer
A", it includes both the case where the layer B is formed
in direct contact with the layer A, and the case where
another layer (e.g., a layer C or a layer D) is formed in
direct contact with the layer A and the layer B is formed
in direct contact with the layer C or the layer D. Note that
another layer (e.g., a layer C or a layer D) may be a single
layer or a plurality of layers.
[0064] In a similar manner, when it is explicitly de-
scribed that "B is formed above A", it does not necessarily
mean that B is formed in direct contact with A, and another
object may be interposed therebetween. Thus, for exam-
ple, when it is described that "a layer B is formed above
a layer A", it includes both the case where the layer B is
formed in direct contact with the layer A, and the case
where another layer (e.g., a layer C or a layer D) is formed
in direct contact with the layer A and the layer B is formed
in direct contact with the layer C or the layer D. Note that
another layer (e.g., a layer C or a layer D) may be a single
layer or a plurality of layers.
[0065] Note that when it is explicitly described that "B
is formed on A", "B is formed over A", or "B is formed
above A", it includes the case where B is formed obliquely
over/above A.
[0066] Note that the same can be said when it is de-
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scribed that "B is formed under A" or "B is formed below
A".
[0067] Note that when an object is explicitly described
in a singular form, the object is preferably singular. Note
that the present invention is not limited to this, and the
object can be plural. In a similar manner, when an object
is explicitly described in a plural form, the object is pref-
erably plural. Note that the present invention is not limited
to this, and the object can be singular.
[0068] Note that size, the thickness of layers, or re-
gions in the drawings are exaggerated for simplicity in
some cases. Thus, the embodiments of the present in-
vention are not limited to such scales illustrated in the
drawings.
[0069] Note that the drawings are perspective views
of ideal examples, and shapes or values are not limited
to those illustrated in the drawings. For example, the fol-
lowing can be included: variation in shape due to a man-
ufacturing technique; variation in shape due to an error;
variation in signal, voltage, or current due to noise; var-
iation in signal, voltage, or current due to a difference in
timing: or the like.
[0070] Note that technical terms are used in order to
describe a specific embodiment, example, or the like in
many cases. However, one embodiment of the present
invention should not be construed as being limited by the
technical terms.
[0071] Note that terms which are not defined (including
terms used for science and technology, such as technical
terms or academic parlance) can be used as terms which
have meaning equal to general meaning that an ordinary
person skilled in the art understands. It is preferable that
terms defined by dictionaries or the like be construed as
consistent meaning with the background of related art.
[0072] Note that terms such as "first", "second", "third",
and the like are used for distinguishing various elements,
members, regions, layers, and areas from others. There-
fore, the terms such as "first", "second", "third", and the
like do not limit the number of the elements, members,
regions, layers, areas, or the like. Further, for example,
"first" can be replaced with "second", "third", or the like.
[0073] Note that terms for describing spatial arrange-
ment, such as "over", "above", "under", "below", "lateral-
ly", "right", "left", "obliquely", "behind", "front", "inside",
"outside", and "in" are often used for briefly showing a
relationship between an element and another element or
between a feature and another feature with reference to
a diagram. Note that the embodiments of the present
invention are not limited to this, and such terms for de-
scribing spatial arrangement can indicate not only the
direction illustrated in a diagram but also another direc-
tion. For example, when it is explicitly described that "B
is over A", it does not necessarily mean that B is placed
over A, and can include the case where B is placed under
A because a device in a diagram can be inverted or ro-
tated by 180°. Accordingly, "over" can refer to the direc-
tion described by "under" in addition to the direction de-
scribed by "over". Note that the embodiments of the

present invention are not limited to this, and "over" can
refer to any of the other directions described by "laterally",
"right", "left", "obliquely", "behind", "front", "inside", "out-
side", and "in" in addition to the directions described by
"over" and "under" because the device in the diagram
can be rotated in a variety of directions. That is, the terms
for describing spatial arrangement can be construed ad-
equately depending on the situation.
[0074] According to one embodiment of the present
invention, image quality can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0075] In the accompanying drawings:

FIGS. 1A to 1C illustrate flows according to one ex-
ample of an embodiment;
FIGS. 2A to 2C show display screens according to
one example of the embodiment;
FIGS. 3A to 3D illustrate flows according to one ex-
ample of the embodiment;
FIGS. 4A to 4C illustrate flows according to one ex-
ample of the embodiment;
FIGS. 5A to 5C illustrate flows according to one ex-
ample of the embodiment;
FIGS. 6A to 6C illustrate circuits according to one
example of the embodiment;
FIGS. 7A to 7E illustrate flows according to one ex-
ample of an embodiment;
FIGS. 8A to 8E illustrate flows according to one ex-
ample of the embodiment;
FIGS. 9A and 9B illustrate flows according to one
example of the embodiment;
FIGS. 10A and 10B illustrate flows according to one
example of an embodiment;
FIGS. 11A and 11B illustrate flows according to one
example of the embodiment;
FIGS. 12A and 12B illustrate flows according to one
example of the embodiment;
FIG. 13A is a top view illustrating a device according
to one example of an embodiment, and FIG. 13B is
a cross-sectional view illustrating the device;
FIGS. 14A and 14C are top views illustrating a device
according to one example of the embodiment, and
FIGS. 14B and 14D are cross-sectional views illus-
trating the device;
FIGS. 15A, 15C, and 15E show voltage of a display
element according to one example of an embodi-
ment, and FIGS. 15B, 15D, and 15F show transmit-
tance of the display element;
FIGS. 16A to 16C show display screens according
to one example of an embodiment;
FIGS. 17A to 17G illustrate circuits according to one
example of an embodiment;
FIGS. 18A to 18H illustrate circuits according to one
example of the embodiment;
FIGS. 19A and 19B illustrate structures of display
devices according to one example of an embodi-
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ment;
FIGS. 20A to 20E illustrate structures of display de-
vices according to one example of the embodiment;
FIGS. 21A to 21C are cross-sectional views illustrat-
ing structures of transistors according to one exam-
ple of an embodiment;
FIGS. 22A to 22H illustrate electronic devices ac-
cording to one example of an embodiment; and
FIGS. 23A to 23H illustrate electronic devices ac-
cording to one example of the embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0076] Hereinafter, embodiments will be described
with reference to the drawings. Note that the embodi-
ments 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 embodiments can be
changed in various ways as long as they do not depart
from the scope of the present invention. Therefore, the
present invention should not be construed as being lim-
ited to the following description of the embodiments. Note
that in structures described below, the same portions or
portions having similar functions are denoted by common
reference numerals in different drawings, and description
thereof is not repeated.
[0077] Note that in each embodiment, a content de-
scribed in the embodiment is a content described with
reference to a variety of diagrams or a content described
with a text described in this specification.
[0078] Note that by combining a diagram (or may be
part of the diagram) illustrated in one embodiment with
another part of the diagram, a different diagram (or may
be part of the different diagram) illustrated in the embod-
iment, and/or a diagram (or may be part of the diagram)
illustrated in one or a plurality of different embodiments,
much more diagrams can be formed.
[0079] Note that in a diagram or a text described in one
embodiment, part of the diagram or the text is taken out,
and one embodiment of the invention can be constituted.
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 (e.g., a cross-sectional view, a plan view, a
circuit diagram, a block diagram, a flow chart, a process
diagram, a perspective view, a cubic diagram, a layout
diagram, a timing chart, a structure diagram, a schematic
view, a graph, a list, a ray diagram, a vector diagram, a
phase diagram, a waveform chart, a photograph, or a
chemical formula) or a text in which one or more active
elements (e.g., transistors or diodes), wirings, passive
elements (e.g., capacitors or resistors), conductive lay-
ers, insulating layers, semiconductor layers, organic ma-
terials, inorganic materials, components, substrates,
modules, devices, solids, liquids, gases, operating meth-
ods, manufacturing methods, or the like are described,

part of the diagram or the text is taken out, and one em-
bodiment of the invention can be constituted. For exam-
ple, M pieces of circuit elements (e.g., transistors or ca-
pacitors) (M is an integer, where M < N) are taken out
from a circuit diagram in which N pieces of circuit ele-
ments (e.g., transistors or capacitors) (N is an integer)
are provided, and one embodiment of the invention can
be constituted. As another example, M pieces of layers
(M is an integer, where M < N) are taken out from a cross-
sectional view in which N pieces of layers (N is an integer)
are provided, and one embodiment of the invention can
be constituted. As another example, M pieces of ele-
ments (M is an integer, where M < N) are taken out from
a flow chart in which N pieces of elements (N is an integer)
are provided, and one embodiment of the invention can
be constituted.

(Disclosure 1)

[0080] Super-resolution processing is processing for
generating high-resolution images from low-resolution
images. Alternatively, super-resolution processing is
processing for restoring lost data in photographing, signal
transmitting, or the like. Therefore, by performing super-
resolution processing on averaged images whose de-
tailed parts are crushed due to low resolution, images
whose detailed parts can be accurately recognized can
be generated. Thus, in the case of displaying such high-
resolution images, high-quality images can be displayed.
For example, in the case of an image of a park where a
great number of small stones are disposed or a tree hav-
ing a great number of small leaves, by performing super-
resolution processing, an image of each small stone or
each small leaf can be accurately recognized. In a similar
manner, by performing super-resolution processing, de-
tailed parts of a character which cannot be read due to
blur can be recognized. Thus, the character can be ac-
curately read. That is, the character can be read as if a
person viewing the character recovered his/her eyesight.
For example, in super-resolution processing, an image
having a resolution (the number of pixels) of 1920 3 1080
is generated from an image having a resolution (the
number of pixels) of 1440 3 1080 by restoration of image
data. That is, it can be said that a super-resolution
processing technology is a technology by which the
amount of image data is increased from an original image
and resolution conversion is performed. Alternatively, it
can be said that a super-resolution processing is a tech-
nology by which a frequency component which is higher
than Nyquist frequency determined by standard frequen-
cy of an input image is restored in data contained in an
image.
[0081] In hold-type displays such as liquid crystal dis-
play devices, in the case where fast-moving images are
displayed, motion blur occurs and afterimages are seen
in some cases. For example, in the case where a char-
acter is displayed in a ticker and is moved up and down
or right and left, the character is blurred and cannot be
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accurately recognized in some cases.
[0082] Therefore, by performing frame interpolation
processing, frame frequency can be improved and the
resolution of moving images can be improved. The frame
interpolation processing is processing by which frame
data is interpolated when display is performed at higher
frame frequency in order to reduce afterimages or the
like. For example, as illustrated in FIG. 2A, a circle is
displayed on the left in an image of a first frame, and the
circle is moved from left to right in an image of a second
frame and is displayed on the right. In this case, data
where a circle is displayed in the center is generated.
Processing by which data is generated in this manner is
the frame interpolation processing. In addition, by the
frame interpolation processing, frame frequency in dis-
play can be made higher by the number of interpolated
frames. By performing display with frame frequency
made higher by frame interpolation processing in this
manner, a smooth image where a circle is moved from
left to right can be displayed and afterimages can be re-
duced. Therefore, since moving images can be displayed
without blur, the resolution of the moving images can be
improved. Note that in this specification, the resolution
of moving images refers to visual resolution in displaying
moving images and resolution which is perceived by a
person in displaying moving images. For example, the
resolution of moving images refers to the limiting resolu-
tion at which intervals can be recognized in the case
where a wedged figure is scrolled on a screen.
[0083] Driving by which frame interpolation is per-
formed and frame frequency is made higher to a corre-
sponding extent in this manner is referred to as frame
rate doubling. For example, when frame frequency is
double, such driving is referred to as double-frame rate
driving. When frame frequency is quadruple, such driving
is referred to as quadruple-frame rate driving. In the case
of the double-frame rate driving, images of frames whose
number is the same as the number of original frames are
generated by frame interpolation processing. According-
ly, the total amount of data is double, so that images can
be displayed at double frame frequency. In a similar man-
ner, in the case of the quadruple-frame rate driving, im-
ages of frames whose number is three times as large as
the number of original frames are generated by frame
interpolation processing. Accordingly, the total amount
of data is quadruple, so that images can be displayed at
quadruple frame frequency. By performing such frame
rate doubling, moving-image characteristics can be im-
proved and afterimages can be reduced. As a display
device to which frame rate doubling is applied, a hold-
type display device is preferable. For example, the frame
rate doubling is preferably applied to a liquid crystal dis-
play, an organic EL display, or the like. Since afterimages
are easily visible in hold-type display devices, afterimag-
es can be reduced by frame rate doubling.
[0084] Thus, by performing both frame interpolation
processing and super-resolution processing, the resolu-
tion of still images and the resolution of moving images

can be improved. If neither frame interpolation process-
ing nor frame rate doubling is performed but only super-
resolution processing is performed, images are blurred
due to afterimages or the like though the resolution of
the images is made higher by the super-resolution
processing. Thus, the higher resolution cannot be easily
perceived. That is, an advantageous effect of the super-
resolution processing is reduced. Alternatively, if super-
resolution processing is not performed but only frame
interpolation processing and frame rate doubling are per-
formed, the resolution of images to be displayed itself is
low though the moving images can be accurately per-
ceived. Therefore, high-quality images cannot be dis-
played. Accordingly, regardless of still images or moving
images, it is preferable to perform both frame interpola-
tion processing and super-resolution processing in order
to display high-resolution images accurately. Note that
one example of this disclosure is not limited to this.
[0085] Thus, FIGS. 1A to 1C illustrate examples of
processing flows in the case where super-resolution
processing is performed after frame interpolation
processing is performed.
[0086] FIG 1A illustrates a processing flow in the case
where super-resolution processing is performed so that
resolution is increased after frame interpolation process-
ing is performed using an image signal obtained from an
image source. A variety of processings are further per-
formed after the super-resolution processing is per-
formed. After that, an image can be displayed.
[0087] Note that the image source includes a signal of
TV broadcast, which is transmitted from a broadcast sta-
tion, and/or an image generated from the signal. Alter-
natively, the image source includes a signal obtained
from an optical storage medium (including a magnetic
storage medium or a magnetooptical storage medium)
such as a DVD (including a Blu-ray DVD or the like) or a
CD, streaming, the Internet, or the like; and/or an image
generated from the signal. Alternatively, the image
source includes a signal obtained from a mobile phone,
a computer, a CPU, a graphic microcomputer, a control-
ler, an electronic device, or the like; and/or an image gen-
erated from the signal. Alternatively, the image source
includes a signal used for performing display and/or an
image generated from the signal.
[0088] Note that the image includes a still image and/or
a moving image and/or a screen image.
[0089] Note that the image source can be an interlace
image or a progressive (non-interlace) image. Alterna-
tively, the image source can be an image on which IP
conversion (interlace-progressive conversion), which is
processing for converting interlace images into progres-
sive images, has already been performed. Alternatively,
IP conversion can be performed before and after frame
interpolation processing is performed or before super-
resolution processing is performed. FIG 3A illustrates
part of a processing flow in the case where super-reso-
lution processing is performed on a progressive image.
FIG. 3B illustrates part of a processing flow in the case
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where frame interpolation processing is performed after
IP conversion is performed on an interlace image. FIG
3C illustrates part of a processing flow in the case where
frame interpolation processing is performed after IP con-
version is performed on an interlace image, and then
super-resolution processing is performed. FIG. 3D illus-
trates part of a processing flow in the case where super-
resolution processing is performed after IP conversion is
performed on an interlace image.
[0090] Usually, super-resolution processing is per-
formed on one image (or part of the image) or a plurality
of images (or parts of the images). In addition, in the
super-resolution processing, new data is generated us-
ing such an image so that a high-resolution image is gen-
erated. Therefore, in order to accurately perform the su-
per-resolution processing, it is not preferable that part of
image data be lost as in an interlace image. Accordingly,
it is preferable that an image on which the super-resolu-
tion processing be performed be a progressive (non-in-
terlace) image. Thus, in the case of an interlace image,
it is preferable that IP conversion be performed before
the super-resolution processing is performed and the su-
per-resolution processing be performed on a progressive
image. Note that one example of this disclosure is not
limited to this.
[0091] Note that IP conversion can be performed be-
fore or after super-resolution processing. Further/Alter-
natively, IP conversion can be performed before or after
frame interpolation processing. Further/Alternatively, IP
conversion can be performed before or after different
processing.
[0092] Note that as illustrated in FIG. 4A, for example,
it is preferable that the resolution (the number of pixels)
of an image subjected to super-resolution processing be
higher than the resolution (the number of pixels) of an
image before subjected to the super-resolution process-
ing. However, one example of this disclosure is not limited
to this. For example, before the super-resolution process-
ing is performed, resolution (the number of pixels) has
already been high by enlargement processing or the like.
In that case, since the resolution has already been high,
the resolution itself is not changed before and after the
super-resolution processing. However, in enlargement
processing before the super-resolution processing, miss-
ing image data is not restored. That is, the image is just
enlarged and display itself does not have high quality.
For example, in the case of an image of a park where a
great number of small stones are disposed or a tree hav-
ing a great number of small leaves, an image of each
small stone or each small leaf is not accurately displayed
by enlargement processing but is just enlarged in a
blurred state. Thus, by performing the super-resolution
processing, it is possible to restore missing image data
and to generate a high-quality image whose detailed
parts can be recognized, though the resolution (the
number of pixels) of an image is not changed. In other
words, as illustrated in FIG. 4B, it is possible to generate
an image having a resolution of 1920 3 1080 from an

image having a resolution of 1440 3 1080 by enlarge-
ment processing and to generate an image having a res-
olution of 1920 3 1080 from the image having a resolution
of 1920 3 1080 by super-resolution processing. In this
case, in the case where the image having a resolution of
1920 3 1080 is generated from the image having a res-
olution of 1440 3 1080 by the enlargement processing,
there is no restored data. However, after the super-res-
olution processing is performed, data is restored. Thus,
an image whose detailed parts can be accurately recog-
nized can be generated.
[0093] Note that such processing is performed on the
entire screen in many cases; however, one example of
this disclosure is not limited to this. Such processing can
be performed on part of the screen.
[0094] Note that it is possible to make resolution high
by enlargement processing and then to make the reso-
lution higher by super-resolution processing. For exam-
ple, it is possible to generate an image having a resolution
of 1440 3 1080 from an image having a resolution of 800
3 600 by enlargement processing and to generate an
image having a resolution of 1920 3 1080 from the image
having a resolution of 1440 3 1080 by super-resolution
processing. Note that in the case of making the resolution
high by the enlargement processing, data is not restored.
On the other hand, in the case of making the resolution
high by the super-resolution processing, data is restored.
Note that one example of this disclosure is not limited to
this.
[0095] Alternatively, it is possible to make resolution
high by super-resolution processing and then to make
the resolution higher by enlargement processing. For ex-
ample, it is possible to generate an image having a res-
olution of 1440 3 1080 from an image having a resolution
of 800 3 600 by super-resolution processing and to gen-
erate an image having a resolution of 1920 3 1080 from
the image having a resolution of 1440 3 1080 by en-
largement processing. Note that in the case of making
the resolution high by the enlargement processing, data
is not restored. On the other hand, in the case of making
the resolution high by the super-resolution processing,
data is restored. Note that one example of this disclosure
is not limited to this.
[0096] Note that enlargement processing can be per-
formed before or after super-resolution processing. Al-
ternatively, enlargement processing can be performed
before or after frame interpolation processing. Alterna-
tively, enlargement processing can be performed before
or after different processing. Note that one example of
this disclosure is not limited to this.
[0097] Both enlargement processing and super-reso-
lution processing can be performed in this manner. For
example, in the case where longitudinal or lateral reso-
lution is made twice or more, preferably five times or
more, it is preferable to perform both enlargement
processing and super-resolution processing. Note that
one example of this disclosure is not limited to this.
[0098] Note that as the enlargement processing, for
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example, bi-linear interpolation, bi-cubic convolution, or
the like can be used. Bi-linear interpolation is a method
by which four surrounding pixels are extracted and cal-
culated and insufficient images are interpolated in en-
largement. In bi-cubic convolution, 16 pixel values (4 3
4 pixel values) in standards of coordinate after conver-
sion are extracted from a coordinate before the conver-
sion. Then, weighted-average calculation is performed
by weighting of the extracted 16 pixel values so that the
pixel values after the conversion are determined.
[0099] Note that as illustrated in FIG. 4C, whether en-
largement processing is performed on an image is ana-
lyzed. In the case where enlargement processing is per-
formed on part or all of a screen, super-resolution
processing is performed. In the case where enlargement
processing is not performed, i.e., in the case where res-
olution is originally high, super-resolution processing can
be omitted. Since a variety of images are used as image
sources, by performing image analysis, super-resolution
processing can be accurately performed even on an im-
age on which enlargement processing is performed. Note
that as an example of an image analysis method, there
is a method by which frequency analysis is performed
and whether frequency is high is determined. In the case
where frequency is low, it can be determined that en-
largement processing has been performed.
[0100] Next, it is assumed that by performing super-
resolution processing on an image having lateral resolu-
tion (the number of pixels) of A and longitudinal resolution
(the number of pixels) of B, the image is changed into an
image having lateral resolution (the number of pixels) of
C and longitudinal resolution (the number of pixels) of D.
Alternatively, it is assumed that by performing enlarge-
ment processing and the super-resolution processing on
an image having the lateral resolution (the number of
pixels) of A and the longitudinal resolution (the number
of pixels) of B, the image is changed into an image having
the lateral resolution (the number of pixels) of C and the
longitudinal resolution (the number of pixels) of D. In this
case, it can be said that a multiplying factor when the
resolution is made higher by the super-resolution
processing is C/A, where C is divided by A, or D/B, where
D is divided by B. In addition, it is assumed that in the
case of performing frame rate doubling, frame frequency
is N times.
[0101] In this case, N > (C/A) or N > (D/B) is preferable.
Alternatively, N ≥ (C/A) and N ≥ (D/B) are preferable.
Note that one example of this disclosure is not limited to
this.
[0102] In the case of performing frame interpolation
processing for frame rate doubling, even when the
amount of frame data to be interpolated is made larger,
data can be generated without problems. For example,
FIG. 2A illustrates double-frame rate driving; however,
by adjustment of the position of a circle as illustrated in
FIG. 2B, triple-frame rate driving can be easily realized.
That is, in the frame interpolation processing for the frame
rate doubling, even when the amount of frame data to be

interpolated is made larger, big problems do not occur in
an image. Alternatively, by making the amount of frame
data to be interpolated larger, moving-image character-
istics can be further improved and afterimages can be
further reduced.
[0103] On the other hand, the super-resolution
processing is processing by which resolution data which
is lost in photographing or signal transmitting is restored.
Therefore, if a large amount of data is lost, it is difficult
to restore the data adequately. Accordingly, when the
value of (C/A) or (D/B) is too large, problems occur in an
image itself and the image is distorted.
[0104] From the above, when both frame interpolation
processing and super-resolution processing are per-
formed, N > (C/A) or N > (D/B) is preferable. Alternatively,
N ≥ (C/A) and N ≥ (D/B) are preferable. Thus, when both
the frame interpolation processing and the super-reso-
lution processing are performed and the above relation-
ship is satisfied, a high-quality image in which detailed
parts are clear and afterimage feeling is eliminated can
be displayed. Note that one example of this disclosure
is not limited to this.
[0105] Note that in the case of performing frame inter-
polation processing, in a moving region of a screen, data
is additionally generated for the frame interpolation
processing in many cases. In addition, in a static region
of the screen, data is not additionally generated in many
cases. That is, in the screen, there are a region where
data is additionally generated by frame interpolation
processing and a region where data is not additionally
generated. For example, in the case of FIG 2A, in a region
301 and a region 303, data of the first frame before sub-
jected to interpolation and data of the second frame be-
fore subjected to the interpolation do not change, as il-
lustrated in FIG. 2C. Therefore, there is no change even
in frame data to be interpolated and data is not addition-
ally generated. Data is generated by utilizing the data of
the first frame before subjected to the interpolation or the
data of the second frame before subjected to the inter-
polation. On the other hand, in a region 302, data of the
first frame before subjected to the interpolation and data
of the second frame before subjected to the interpolation
change, so that there are a region where the circle is
erased and a region where the circle is generated. Thus,
data is additionally generated.
[0106] In the case of performing frame interpolation
processing in this manner, in a screen, there are a region
where data is additionally generated and a region where
data is not additionally generated. In addition, such re-
gions change over time. For example, as an example of
a region where data is generated, a region can be given
in which a character is displayed in a ticker or the like
and is moved up and down or right and left. In the case
of a character, a symbol, or the like, when afterimages
are generated and the character, the symbol, or the like
is not easily seen, it is impossible to determine the type
of the character, the symbol, or the like, which is a big
problem.
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[0107] Generation of additional data only in parts of
regions in a screen when frame interpolation processing
is performed in this manner has advantages such as im-
provement in processing speed, reduction in power con-
sumption, and improvement in processing accuracy.
[0108] Further, super-resolution processing can be
performed not on all regions in a screen but on parts of
the regions in the screen. For example, in the case where
a streaming broadcast is displayed on part of a screen,
a low-resolution image is displayed on only in that region
while being enlarged in some cases. In such a case, by
performing super-resolution processing on only the re-
gion where the streaming broadcast is displayed, image
quality can be improved.
[0109] In the case of performing super-resolution
processing only on parts of regions in a screen in this
manner, there is an advantage such as improvement in
processing speed, reduction in power consumption, im-
provement in processing accuracy, or reduction in image
defects.
[0110] Therefore, in a screen, there are a first region
where data is additionally generated for frame interpola-
tion processing and a second region where super-reso-
lution processing is performed. Further, a third region
where data is not additionally generated for frame inter-
polation processing and super-resolution processing is
not performed can be provided. Furthermore, a region
where the first region and the second region do not over-
lap with each other can be provided in the screen. Alter-
natively, a region where the first region and the second
region overlap with each other can be provided in the
screen.
[0111] Data is additionally generated for frame inter-
polation processing in a region where data related to a
character or a symbol, such as a ticker in many cases.
Super-resolution processing is performed on a region
with little motion in many cases. Therefore, in the screen,
it is preferable that the region be provided in which the
first region where data is additionally generated for the
frame interpolation processing does not overlap with the
second region where the super-resolution processing is
performed. The reason for this is as follows. Since the
first region where data is additionally generated for the
frame interpolation processing is a moving region, data
is additionally generated for the frame interpolation
processing in order to make afterimages invisible. How-
ever, in such a moving region, even if resolution is made
higher by super-resolution processing, it may be difficult
for eyes to recognize the resolution. Therefore, in such
a moving region, it can be said that super-resolution
processing is not performed in some cases. The second
region where the super-resolution processing is per-
formed is a region whose detailed parts are preferably
seen clearly. In the case where a static image such as a
still image is displayed, it can be said that detailed parts
are seen clearly. Since there is a possibility of occurrence
of the above condition, a region can be provided in which
a first region where both frame interpolation processing

and super-resolution processing are performed, the
screen can be displayed with advantages of both of the
processings, and data is additionally generated for the
frame interpolation processing does not overlap with the
second region where the super-resolution processing is
performed. Accordingly, an appropriate image can be
displayed. Note that one example of this disclosure is not
limited to this.
[0112] By performing both frame interpolation process-
ing and super-resolution processing in this manner, im-
ages having high image picture resolution and high mov-
ing image resolution can be displayed.
[0113] Note that in the case where super-resolution
processing is performed after frame interpolation
processing is performed, frame frequency is made higher
for the frame interpolation processing. Therefore,
processing speed of the super-resolution processing is
not sufficiently high in some cases. Thus, a plurality of
processing systems for the super-resolution processing
can be provided. For example, FIG. 1B illustrates the
case where two processing systems for the super-reso-
lution processing are provided. Further, FIG. 1C illus-
trates the case where three processing systems for the
super-resolution processing are provided. In a similar
manner, any processing system can be provided.
[0114] In the case where a plurality of processing sys-
tems are provided, processings can be divided among
the processing systems by a variety of methods. For ex-
ample, processing for a right half of a screen can be per-
formed by a first super-resolution processing system, and
processing for a left half of the screen can be performed
by a second super-resolution processing system. Since
image data related to an image is usually transferred in
each row, processings can be divided between the first
super-resolution processing system and the second su-
per-resolution processing system by division of image
data for one row into two pieces of data for the right half
and left half of the screen. Note that one example of this
disclosure is not limited to this.
[0115] Alternatively, processing of a certain frame
(e.g., an odd-numbered frame or a frame on which frame
interpolation processing is not performed) can be per-
formed by the first super-resolution processing system,
and processing of a different frame (e.g., an even-num-
bered frame or a frame generated by frame interpolation
processing) can be performed by the second super-res-
olution processing system. Thus, even when the
processing speed of the super-resolution processing is
lower than the frame frequency, processing can be com-
pleted normally by alternate processings. Alternatively,
since the processing speed of one processing system
may be low, power consumption can be reduced.
[0116] Note that one example of this embodiment is
not limited to the case where super-resolution processing
is performed after frame interpolation processing is per-
formed. For example, as illustrated in FIG. 5A, super-
resolution processing can be performed while performing
frame interpolation processing. First, image data A is
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supplied from an image source. The image data A is not
image data generated by the frame interpolation process-
ing but original image data. Therefore, the super-resolu-
tion processing can be performed immediately. Next, im-
age data B is supplied from the image source. Then,
frame data is interpolated using the image data A and
the image data B which have already been supplied.
When the frame interpolation processing is performed
using the image data A and the image data B, the super-
resolution processing can be performed using the image
data A. That is, the image data A is used for both of the
frame interpolation processing and the super-resolution
processing. Thus, the super-resolution processing and
the frame interpolation processing can be performed con-
currently. After that, by the frame interpolation processing
with the use of the image data A and the image data B,
image data C is generated. Then, super-resolution
processing is performed on the image data C obtained
by the frame interpolation with the use of the image data
A and the image data B. By concurrently performing the
frame interpolation processing and the super-resolution
processing in this manner, the number of memories for
storing the image data A can be reduced. When the im-
age data A is stored in one memory, the super-resolution
processing and the frame interpolation processing can
be performed by reading of the data. Note that as for
image data where frame data is generated, it can be said
that the super-resolution processing is performed after
the frame interpolation processing is performed. Note
that one example of this disclosure is not limited to this.
[0117] Note that as in FIG 1B, a plurality of processing
systems can be provided for super-resolution process-
ing, and the super-resolution processing and frame in-
terpolation processing can be performed concurrently.
FIG 5B illustrates an example of such a case. For exam-
ple, the super-resolution processing is performed on at
least the image data A by using the second super-reso-
lution processing system. Concurrently, the frame inter-
polation processing is performed using at least the image
data A. That is, the frame interpolation processing and
the super-resolution processing are concurrently per-
formed using at least the image data A. After that, the
super-resolution processing is performed on image data
on which frame interpolation is performed using the first
super-resolution processing system. By providing a plu-
rality of super-resolution processing systems in this man-
ner, processings can be performed concurrently. Further,
the super-resolution processing can be performed quick-
ly on frame data which is not generated by the frame
interpolation with the use of the second super-resolution
processing system. Therefore, when image data is input,
display can be performed quickly. Accordingly, such
processing is preferable in the case of displaying an im-
age of a game or the like, where real-time processing is
needed. Note that one example of this disclosure is not
limited to this.
[0118] Note that in the case where a plurality of
processings are performed concurrently, the process-

ings can be performed concurrently only in part of the
processing period of each processing. In other words,
even in the case where a plurality of processings are
performed concurrently, a period during which the plu-
rality of processings are not performed concurrently can
be provided. Alternatively, the plurality of processings
can be performed concurrently in all the processing pe-
riod of each processing.
[0119] Alternatively, processing may be performed as
in FIG. 5C. For example, super-resolution processing is
performed on at least the image data A by using the first
super-resolution processing system or the second super-
resolution processing system. Concurrently, the frame
interpolation processing is performed using at least the
image data A. That is, the frame interpolation processing
and the super-resolution processing are concurrently
performed using at least the image data A. After that, the
super-resolution processing is performed on image data
on which frame interpolation is performed using the sec-
ond super-resolution processing system or the first su-
per-resolution processing system. By providing a plural-
ity of super-resolution processing systems in this man-
ner, processings can be performed concurrently. Further,
the super-resolution processing can be performed quick-
ly on frame data which is not generated by the frame
interpolation with the use of the first super-resolution
processing system or the second super-resolution
processing system. Therefore, when image data is input,
the image can be displayed quickly. Accordingly, such
processing is preferable in the case of displaying an im-
age of a game or the like, where real-time processing is
needed. Note that one example of this disclosure is not
limited to this.
[0120] Note that FIGS. 1A to 1C, FIGS. 3A to 3D, FIGS.
4A to 4C, and FIGS. 5A to 5C illustrate the processing
flows as examples, and FIG 6A illustrates an example of
a structure (a block diagram) for realizing the processing
flows. For example, an image source is input to an input
terminal of a circuit 101. An output terminal of the circuit
101 is connected to an input terminal of the circuit 102.
For example, the circuit 101 has a function of performing
frame interpolation processing. For example, the circuit
102 has a function of performing super-resolution
processing. The circuit 101 or the circuit 102 can include
a memory circuit (a memory) for storing data. Alterna-
tively, the circuit 101 or the circuit 102 can include a unit
for calculation.
[0121] FIG. 6B illustrates another example of a struc-
ture (a block diagram) for realizing the processing flows.
FIG. 6B corresponds to FIG. IB. For example, an image
source is input to the input terminal of the circuit 101. The
output terminal of the circuit 101 is connected to an input
terminal of a circuit 102a through a switch 103a. Further,
the output terminal of the circuit 101 is connected to an
input terminal of a circuit 102b through a switch 103b. An
output terminal of the circuit 102a is connected to an out-
put terminal through a switch 104a. Further, an output
terminal of the circuit 102b is connected to the output
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terminal through a switch 104b. Note that as illustrated
in FIG. 6C, the switch 103b can be connected between
the input terminal of the circuit 102b and the input terminal
of the circuit 101. Note that FIG. 6C corresponds to FIG.
5B. The circuit 101 has a function of performing frame
interpolation processing. Each of the circuit 102a and the
circuit 102b has a function of performing super-resolution
processing. The circuit 101 or the circuit 102 can include
a memory circuit (a memory) for storing data. Alterna-
tively, the circuit 101 or the circuit 102 can include a unit
for calculation. By controlling the switch 103a, the switch
103b, the switch 104a, and/or the switch 104b, process-
ings can be performed concurrently.
[0122] Note that in the circuit 101, the circuit 102, the
circuit 102a, and/or the circuit 102b can realize its func-
tion with hardware, software, or both hardware and soft-
ware. When the circuit 101 and/or the circuit 102 realizes
its function with hardware, processing speed can be
made higher or power consumption can be reduced.
When the circuit 101 and/or the circuit 102 realizes its
function with software, the content of processing can be
changed and a variety of processings can be performed
as appropriate.
[0123] Alternatively, by using a multi-core CPU includ-
ing a plurality of CPU cores and distributing processings
across the CPU cores, a plurality of super-resolution
processings or frame interpolation processings can be
performed. With the use of a multi-core CPU in this man-
ner, high-speed operation is possible with fewer compo-
nents. Note that such a multi-core CPU can include a
semiconductor device (or a transistor) formed using an
SOI. With the use of an SOI, operation can be performed
with low power consumption and heat generation during
the operation can be suppressed.
[0124] Note that even when the number of processings
is increased, a circuit can be formed in a manner similar
to those in FIGS. 6A to 6C by increasing a circuit such
as the circuit 101, the circuit 102, the circuit 102a, or the
circuit 102b. Note that processing performed in the circuit
101, the circuit 102, the circuit 102a, or the circuit 102b
is not limited to super-resolution processing or frame in-
terpolation processing. A variety of different processings
can be performed.
[0125] Note that in the contents described thus far
and/or contents described below, simple enlargement
processing or the like can be performed instead of super-
resolution processing.

(Disclosure 2)

[0126] Next, examples of super-resolution processing
technologies are described. By performing super-reso-
lution processing, a high-resolution image can be dis-
played.
[0127] First, a moving region is detected and speed
data of the region is extracted. That is, with respect to an
image at given time, an optical flow, which is a vector
illustrating the flow of each pixel, is calculated from two

images before and after the image. Then, from the ex-
tracted speed data, the amount of positional deviation
per image in the region is detected with accuracy of less
than the size of one pixel. That is, from the calculated
optical flow, the amount of positional deviation between
images is calculated. Then, in accordance with the
amount of detected positional deviation, the level of lu-
minance between pixels is interpolated from a plurality
of images in an image column. With such processing, a
high-resolution image having resolution which is higher
than physical resolution can be generated. Thus, it can
be said that the super-resolution processing technology
is a technology by which data for restoring a high-reso-
lution image is extracted and restored from a low-reso-
lution image in accordance with motion vector data or
the like.
[0128] In a similar super-resolution processing tech-
nology, for example, first, consecutive frames having
close correlation are selected from images. After that,
the motion vector of the images are detected with fine-
ness which is close to the size of one pixel. Then, the
motion of each pixel is tracked, and a missing high-res-
olution pixel is estimated from data related to a change
in the tracked pixel between respective frames. In this
case, since a camera slightly swings, crushing of a pho-
tographed low-resolution portion is varied between the
frames, though the same portion is photographed. Thus,
with this data, the missing pixel can be compensated and
high resolution can be realized. That is, it can be said
that this processing method is a super-resolution tech-
nology by which search is performed sufficiently in a time
direction. In the case of this super-resolution technology,
motion vectors can be recognized precisely. Thus, a
missing pixel between frames, which cannot be acquired
in photographing due to the resolution of a camera, can
also be restored.
[0129] Alternatively, in different super-resolution
processing, the similarity of a plurality of frames is found
out. After that, the frames having similarity are aligned,
and a time change in each pixel is recognized. Then, a
method by which a missing high-resolution pixel is esti-
mated and generated can be used.
[0130] Alternatively, in different super-resolution
processing, first, data related to a consecutive plurality
of images is analyzed. Then, a high-frequency compo-
nent is restored by correction of common portions of pho-
tographic objects. Thus, a high-resolution image can be
obtained.
[0131] Alternatively, as different super-resolution
processing, a reconstruction super-resolution process-
ing method can be used. In the reconstruction super-
resolution processing method, first, high-resolution im-
ages (initial high-resolution images) are assumed from
original low-resolution images. Then, in accordance with
a point spread function (PSF) obtained from the model
of a camera, the pixel values of all the pixels of the low-
resolution images are estimated from the assumed high-
resolution images. In other words, the assumed high-
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resolution images are down-converted by a unique func-
tion (an imaging model function) so that low-resolution
images having the same resolution as the original low-
resolution images are generated. Then, a difference be-
tween the estimated value and an observed pixel value
(an observed value) is calculated. After that, with respect
to the images before subjected to down conversion, high-
resolution images in which the above difference is small-
er are searched. Note that this search processing can be
repeated until convergence so that accuracy is made
higher, or can be performed only once. Thus, high-res-
olution images can be obtained.
[0132] Note that as the imaging model function, for ex-
ample, an imaging element model where processing is
performed two-dimensionally (lengthwise and width-
wise) by using a one-dimensional linear filter can be used.
[0133] In the case of this reconstruction super-resolu-
tion processing method, high-resolution images are re-
constructed by iterative calculation which needs initial
high-resolution images. As a calculation method in that
case, an ML (maximum-likelihood) method, a MAP (max-
imum a posterior) method, a POCS (projection on to con-
vex sets) method, or the like can be used.
[0134] In the ML method, a square error between an
estimated pixel value of an assumed high-resolution im-
age and a pixel value which is actually observed is used
as an evaluation function. In the ML method, a high-res-
olution image in which the evaluation function is mini-
mized is used as an estimated image.
[0135] The MAP method is a method by which a high-
resolution image in which an evaluation function where
the probability information of a high-resolution image is
added to a square error is minimized is estimated. In
other words, the MAP method is a super-resolution
processing method by which a high-resolution image is
estimated as an optimization problem for maximizing
posterior probability by utilizing foreseeing data related
to a high-resolution image.
[0136] The POCS method is a method by which a si-
multaneous equation of pixel values of a high-resolution
image and a low-resolution image is formed and sequen-
tially solved.
[0137] Note that one frame is formed by merging a plu-
rality of frames of an image. Thus, the image is made to
have higher resolution by the increase in the number of
pixels. In this case, processing for making resolution
higher can be performed such that a return component
is canceled.
[0138] Alternatively, as a super-resolution processing
method, an iteration method, a frequency-domain meth-
od, a statistical method, or the like can be used. The
iteration method mainly includes three steps: a first step
of initial estimation, a second step of imaging, and a third
step of reconstructing.
[0139] Note that super-resolution processing can be
performed on the whole screen. However, one example
of this disclosure is not limited to this. The super-resolu-
tion processing can be performed depending on the con-

tent of an image. For example, the super-resolution
processing is not performed on an edge portion or a flat
portion of an image but the super-resolution processing
can be performed on a textual portion of the image. In
that case, real-time spectrum analysis is performed on
the image. In addition, the super-resolution processing
can be performed on only a high-frequency region. By
controlling whether the super-resolution processing is
performed or not depending on an image, the image can
be prevented from deteriorating.
[0140] Note that the flat portion is a portion where re-
gions having specific frequency or regions having spe-
cific luminance are highly distributed. Thus, a sky whose
color distribution is comparatively gradual, a dim back-
ground, or the like corresponds to the flat portion. There-
fore, it can be said that the flat portion is a region whose
color is mainly expressed gradationally in an image.
[0141] Note that the textual portion is a high-frequency
portion of an image. Since this region has high frequency,
it is highly possible that a more detailed portion exist.
Therefore, by performing the super-resolution process-
ing on the textural portion, it can be said that the increase
in resolution is highly effective.
[0142] Note that in the case of performing super-res-
olution processing, resolution of a variety of regions of
an image is recognized and super-resolution processing
can be performed on each region at different intensity.
[0143] Note that if the resolution of an original image
is sufficiently high, super-resolution processing can be
omitted. After determining whether the resolution of the
original image is high, whether super-resolution process-
ing is performed can be controlled depending on the re-
sult.
[0144] Although a variety of super-resolution process-
ing technologies have been described above, the super-
resolution processing technology in this specification is
not limited to them.

(Disclosure 3)

[0145] Note that an image can be displayed by per-
forming a variety of processings after super-resolution
processing or frame interpolation processing. Therefore,
the content described in any of the other disclosures can
be applied to, combined with, or replaced with this dis-
closure.
[0146] FIG. 7A illustrates a processing flow in the case
where super-resolution processing is performed using
an image signal on which frame interpolation processing
is performed so that resolution is increased, and then
edge enhancement processing is performed. A variety
of processings are further performed after the edge en-
hancement processing. After that, an image can be dis-
played. Therefore, the processing flow in FIG. 7A corre-
sponds to a processing flow where edge enhancement
processing is added to the processing flow in FIG. 1A.
[0147] By performing super-resolution processing be-
fore edge enhancement processing in this manner, res-
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olution can be accurately improved. Since the edge en-
hancement processing is not performed on an image be-
fore subjected to the super-resolution processing, unnec-
essary processing is not performed. If the edge enhance-
ment processing is performed before the super-resolu-
tion processing, processing is performed on an image by
the edge enhancement processing. When such an image
on which the processing is performed is used, there is a
possibility that the super-resolution processing cannot
be accurately performed. Since the super-resolution
processing is processing for generating a new high-res-
olution image, in order to generate a high-resolution im-
age accurately, it is preferable to perform the super-res-
olution processing on an image on which the edge en-
hancement processing is not performed, i.e., an image
which is close to an original image. Therefore, by per-
forming the super-resolution processing before the edge
enhancement processing, the super-resolution process-
ing can be accurately performed. By performing the edge
enhancement processing on a more accurate high-res-
olution image which is generated by the super-resolution
processing, the edge of an object in the image can be
more accurately acquired, so that a clearer image can
be obtained. Accordingly, in order to obtain a high-quality
image, it is preferable to perform the super-resolution
processing before the edge enhancement processing is
performed. Note that one example of this embodiment is
not limited to this.
[0148] In a similar manner, by performing the frame
interpolation processing before the edge enhancement
processing is performed, data for frame interpolation can
be accurately generated. By performing the edge en-
hancement processing on a more accurate high-resolu-
tion image, the edge of an object in the image can be
more accurately acquired, so that a clearer image can
be obtained.
[0149] Note that as for the edge enhancement
processing, one example of this disclosure is not limited
to the above example. Different image processing can
be performed. As different image processing, for exam-
ple, smoothing, distortion correction, error processing,
flaw correction, color correction, gamma correction, in-
verse gamma correction, or the like can be performed
instead of or in addition to the edge enhancement
processing. For example, by color correction, an image
with 100 % or less NTSC ratio can be converted into an
image with 100 % or more NTSC ratio. Thus, an image
having high color impurity can be displayed.
[0150] Note that a plurality of image processings such
as edge enhancement processing are performed, the
processings can be performed successively. However,
one example of this embodiment is not limited to this.
The plurality of processings can be separately per-
formed. For example, certain image processing can be
performed before processing A and different image
processing can be performed after processing B.
[0151] Note that the content or the drawing described
in Disclosure 1 can be applied to the case where different

processing such as edge enhancement processing is
performed in a similar manner. In a similar manner, the
content or the drawing described in certain processing
can be applied to the case where different processing is
performed.
[0152] For example, FIG. 7B illustrates a processing
flow in the case where a plurality processing systems are
provided for super-resolution processing. The process-
ing flow in FIG. 7B corresponds to a processing flow
where edge enhancement processing is added to the
processing flow in FIG. 1B. Note that edge enhancement
processing can be applied to a different processing flow
in a similar manner.
[0153] Note that before and after each stage in the
processing flow, a variety of different processings can be
performed. As examples of a variety of different process-
ings, there are IP conversion processing, enlargement
processing, and the like. Further, another processing is
possible.
[0154] Next, in a manner similar to that of the case
where edge enhancement processing is performed, FIG.
7C illustrates a processing flow in the case where over-
drive processing is performed as processing performed
after super-resolution processing. Therefore, the content
or the drawing described in the edge enhancement
processing can be applied to the case where different
processing such as overdrive processing is performed in
a similar manner. In a similar manner, the content or the
drawing described in certain processing can be applied
to the case where different processing is performed.
[0155] The overdrive processing is processing for
making the response speed of a liquid crystal element
higher. Usually, a signal corresponding to a gray level
which is to be expressed in each pixel is supplied to each
pixel in a screen. However, since the liquid crystal ele-
ment has low response speed, even if a signal corre-
sponding to a gray level is supplied, display which cor-
responds to the gray level cannot be performed in one
frame period. After several frame periods, display which
corresponds to the gray level is eventually performed.
Thus, in supplying voltage to the liquid crystal element,
not voltage corresponding to an original gray level but
voltage having larger amplitude is supplied to the liquid
crystal element. Accordingly, the transmittance of the liq-
uid crystal element is drastically changed. After that, volt-
age corresponding to the original gray level is supplied.
Through the above operation, the response speed of the
liquid crystal element can be made higher. Driving by
which voltage having larger amplitude than voltage cor-
responding to the original gray level is temporarily sup-
plied to the liquid crystal element before the voltage cor-
responding to the original gray level is supplied is referred
to as overdrive. Further, processing for determining
which level of voltage is supplied as voltage having larger
amplitude than voltage corresponding to the original gray
level is referred to as overdrive processing.
[0156] By performing overdrive processing after super-
resolution processing is performed, response speed can
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be made higher, the amount of overdrive can be control-
led adequately, and display with fewer afterimages can
be performed. Alternatively, since the super-resolution
processing is processing by which a new image is gen-
erated, an image is changed by the processing. Thus,
the gray level of each pixel is changed. Therefore, by
performing the overdrive processing after the super-res-
olution processing is performed, the overdrive process-
ing can be changed in accordance with the amount of
change generated by the super-resolution processing.
Accordingly, by performing the overdrive processing af-
ter the super-resolution processing is performed, the
amount of overdrive can be controlled adequately, so
that the gray level of each pixel can be optimized. Thus,
the response speed can be made higher and the over-
drive can be accurately performed. Further, by the super-
resolution processing, a high-resolution image can be
displayed without generation of afterimages. According-
ly, in order to obtain a high-quality image, it is preferable
to perform the super-resolution processing before the
overdrive processing is performed. Note that one exam-
ple of this disclosure is not limited to this.
[0157] Note that here, the amount of overdrive corre-
sponds to an increase in voltage supplied to a liquid crys-
tal element or the like, which is an increase in the ampli-
tude of the voltage by overdrive processing.
[0158] In a similar manner, by performing overdrive
processing after frame interpolation processing is per-
formed, response speed can be made higher, the amount
of overdrive can be controlled adequately, and display
with fewer afterimages can be performed. Alternatively,
since the frame interpolation processing is processing
for generating new frame data, an image which is
changed is generated by the processing. Thus, the gray
level of each pixel is changed. Therefore, by performing
the overdrive processing after the frame interpolation
processing is performed, the overdrive processing can
be changed in accordance with the amount of change
generated by the frame interpolation processing. Accord-
ingly, by performing the overdrive processing after the
frame interpolation processing is performed, the amount
of overdrive can be controlled adequately, so that the
gray level of each pixel can be optimized. Thus, the re-
sponse speed can be made higher and the overdrive can
be accurately performed. Further, by the frame interpo-
lation processing, display with fewer afterimages can be
performed. Accordingly, in order to obtain a high-quality
image, it is preferable to perform the frame interpolation
processing before the overdrive processing is performed.
Note that one example of this disclosure is not limited to
this.
[0159] Note that on a moving region of a screen, over-
drive processing is performed in many cases. In addition,
on a static region of the screen, overdrive processing is
hardly performed because afterimages are not generat-
ed. That is, in the screen, there are a region where over-
drive processing is performed and a region where over-
drive processing is not performed. In addition, such re-

gions change over time. In the case of performing over-
drive processing only on parts of regions in a screen in
this manner, there is an advantage such as improvement
in processing speed, reduction in power consumption, or
improvement in processing accuracy.
[0160] Further, super-resolution processing can be
performed not on all regions in a screen but on parts of
the regions in the screen. In the case of performing super-
resolution processing only on parts of regions in a screen
in this manner, there is an advantage such as improve-
ment in processing speed, reduction in power consump-
tion, improvement in processing accuracy, or reduction
in image defects.
[0161] In the case where processing is performed on
parts of regions in a screen, in the screen, there are a
first region where overdrive processing is performed and
a second region where super-resolution processing is
performed. Further, a third region where neither of the
processings is performed can be provided. Furthermore,
a region where the first region and the second region do
not overlap with each other can be provided in the screen.
Alternatively, a region where the first region and the sec-
ond region overlap with each other can be provided in
the screen.
[0162] Thus, the region is considered in which the first
region where the overdrive processing is performed does
not overlap with the second region where the super-res-
olution processing is performed. In this case, since the
first region where the overdrive processing is performed
is a moving region, the overdrive processing is performed
in order to make afterimages invisible. However, in such
a moving region, even if resolution is made higher by
super-resolution processing, it may be difficult for eyes
to recognize the resolution. Therefore, in such a moving
region, super-resolution processing is not performed in
some cases. Accordingly, in that case, it can be said that
the region in which the first region where the overdrive
processing is performed does not overlap with the sec-
ond region where the super-resolution processing is per-
formed is provided in some cases. Further in that case,
the second region where the super-resolution processing
is performed is a region whose detailed parts are prefer-
ably seen clearly. In the case where a static image such
as a still image is displayed, detailed parts can be seen
clearly. Accordingly, it can be said that the region in which
the first region where the overdrive processing is per-
formed does not overlap with the second region where
the super-resolution processing is performed is provided
in some cases.
[0163] In the region in which the first region where the
overdrive processing is performed overlaps with the sec-
ond region where the super-resolution processing is per-
formed, response speed is high, an image with fewer
afterimages is displayed, and detailed parts can be seen
clearly. Thus, a realistic image can be displayed.
[0164] Thus far, the case has been described in which
edge enhancement processing or overdrive processing
is performed after super-resolution processing; however,
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processing performed after the super-resolution
processing is not limited to this. In a manner similar to
the case of performing edge enhancement processing
or overdrive processing, local dimming processing of a
backlight can be performed after super-resolution
processing. FIG. 7D illustrates a processing flow of such
a case. Therefore, the content or the drawing described
in the edge enhancement processing or the overdrive
processing can be applied to the case where local dim-
ming processing of a backlight is performed in a similar
manner. In a similar manner, the content or the drawing
described in the local dimming processing of a backlight
can be applied to the case where different processing is
performed.
[0165] Here, the local dimming of a backlight is a tech-
nique by which display is performed with the luminance
of a backlight changed in each region in a screen. There-
fore, depending on an image, the luminance of the back-
light is varied in each region in one screen. For example,
in the case where there is a region for displaying a low
gray level in a screen, the luminance of a backlight in the
region is made lower. Further, in the case where there
is a region for displaying a high gray level in the screen,
the luminance of the backlight in the region is made high-
er. Then, the transmittance of each pixel is determined
in accordance with the luminance of the backlight so that
an accurate image can be displayed. Thus, in the region
for displaying a low gray level in the screen, the lumi-
nance of the backlight itself is low, so that adverse effects
of light leakage can be reduced. Therefore, in the case
of displaying a black image in such a region, the image
can be displayed as a completely black image. In addi-
tion, in the region for displaying a high gray level in the
screen, the luminance of the backlight itself is high, so
that sufficiently bright display can be performed. There-
fore, in the case of displaying a white image in such a
region, luminance is made higher than that in the case
of displaying a normal white image, and the image can
be displayed with higher peak luminance. Accordingly,
contrast can be improved and a clear image can be dis-
played. Further, since the luminance of the backlight itself
can be made lower by local dimming, power consumption
can be reduced. Thus, in order to perform local dimming,
there are processing for determining the luminance of a
backlight in each region depending on an image to be
displayed and processing for determining the transmit-
tance of each pixel in accordance with the luminance of
the backlight so that the image to be displayed can be
accurately displayed. These processings or one of these
processings is referred to as local dimming processing.
Therefore, in the local dimming processing, after
processing for determining the luminance of a backlight
in each region is performed, processing for determining
a video signal supplied to each pixel can be performed.
Note that one example of this disclosure is not limited to
this. Thus, for example, a processing flow in the case
where the processing for determining the luminance of
a backlight in each region and the processing for deter-

mining a video signal supplied to each pixel are sepa-
rately described can be illustrated as in FIG. 7E.
[0166] It is preferable that local dimming processing
be performed after super-resolution processing is per-
formed in this manner. When the super-resolution
processing is performed, due to restoration of data, new
data is added. Thus, the gray level of each pixel is differ-
ent before and after the super-resolution processing in
some cases. Alternatively, before and after the super-
resolution processing, there is a region where the gray
level of a pixel is changed in a screen. Thus, by perform-
ing the local dimming after image data is restored by the
super-resolution processing, the local dimming process-
ing can be accurately performed. Therefore, contrast can
be improved and an accurate image can be displayed.
Accordingly, in order to obtain a high-quality image, it is
preferable to perform the super-resolution processing
before the local dimming processing is performed. Alter-
natively, in the local dimming processing, it is preferable
to perform the super-resolution processing before the
processing for determining the luminance of a backlight
is performed. Alternatively, in the local dimming process-
ing, it is preferable to perform the super-resolution
processing before the processing for determining a video
signal supplied to a pixel is performed. Note that one
example of this disclosure is not limited to this.
[0167] Further, in the case of performing the local dim-
ming processing, the luminance of the backlight is low.
Thus, even when the transmittance of the pixel is slightly
changed, the gray level of actual display is not changed
so much. On the other hand, in a state where the lumi-
nance of the backlight is low, a more detailed gradation
can be expressed by the change in the transmittance of
the pixel. That is, the number of gray levels to be dis-
played can be increased. Therefore, by performing both
the local dimming processing and the super-resolution
processing, a high-resolution image can be displayed
with high power of expression, by which detailed parts
can be perceived. In particular, gradation can be ex-
pressed adequately in a region of a low gray level in the
screen, and display where gradation is crushed can be
prevented.
[0168] Note that in a region where a gray level is low
in a screen, local dimming processing is performed in
many cases. In addition, in a region where a gray level
is high in the screen, i.e., a region where luminance is
high and bright display is performed, local dimming
processing is rarely performed because the luminance
of a backlight is not easily lowered. That is, in the screen,
there are a region where local dimming processing is
performed and a region where local dimming processing
is not performed. In addition, such regions change over
time. In the case of performing local dimming processing
only on parts of regions in a screen in this manner, there
is an advantage such as improvement in processing
speed, reduction in power consumption, or improvement
in processing accuracy.
[0169] Further, super-resolution processing can be
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performed not on all regions in a screen but on parts of
the regions in the screen. In the case of performing super-
resolution processing only on parts of regions in a screen
in this manner, there is an advantage such as improve-
ment in processing speed, reduction in power consump-
tion, improvement in processing accuracy, or reduction
in image defects.
[0170] In the case where processing is performed on
parts of regions in a screen, in the screen, there are a
first region where local dimming processing is performed
and the luminance of a backlight is lowered and a second
region where super-resolution processing is performed.
Further, a third region where neither the local dimming
processing nor the super resolution processing is per-
formed can be provided. Furthermore, a region in which
the first region where the local dimming processing is
performed and the luminance of the backlight is lowered
does not overlap with the second region where the super-
resolution processing is performed can be provided in
the screen. Alternatively, a region where the first region
and the second region overlap with each other can be
provided in the screen.
[0171] In the region in which the first region where the
local dimming processing is performed and the lumi-
nance of the backlight is lowered overlaps with the sec-
ond region where the super-resolution processing is per-
formed, contrast is high, an image can be displayed with
smooth gradation expression, and detailed parts of the
image can be clearly seen. Thus, a realistic image can
be displayed.
[0172] Note that in the case of performing local dim-
ming, a screen is divided into a plurality of regions, and
a backlight is provided in each region. When the length
(or the width) of the region or the pitch of the region is
compared to the length (or the width) or the pitch of a
pixel included in a display device in which super-resolu-
tion processing is performed on parts of the regions of
the screen and which displays a region of a higher-res-
olution image, the length (or the width) of the region of
the backlight or the pitch of the region is preferably longer
than the length (or the width) or the pitch of the pixel
included in the display device in which the super-resolu-
tion processing is performed on parts of the regions of
the screen and which displays the region of a higher-
resolution image. This is because in the case of perform-
ing the local dimming, an image is displayed by control-
ling not only the luminance of the backlight provided in
each region but also the transmittance of the pixel. There-
fore, even in the case of displaying an image on which
super-resolution processing is performed, a high-resolu-
tion image can be clearly displayed sufficiently when the
pitch of each pixel is short, though the length (or the width)
or the pitch of the region of the backlight is long.
[0173] Note that it is preferable that the screen be di-
vided into a plurality of regions where the luminance of
the backlight is controlled; however, one example of this
disclosure is not limited to this. The luminance of the en-
tire screen can be controlled without division of the screen

into a plurality of regions.
[0174] In a similar manner, it is preferable that local
dimming processing be performed after frame interpola-
tion processing is performed. Since the frame interpola-
tion processing is processing for generating new frame
data, an image which is changed is generated by the
processing. Thus, the gray level of each pixel is changed.
Alternatively, before and after the frame interpolation
processing, there is a region where the gray level of a
pixel is changed in a screen. Therefore, by performing
local dimming processing after new frame data is gener-
ated by frame interpolation processing, the local dimming
processing can be accurately performed. Thus, contrast
can be improved and an accurate image can be dis-
played. Accordingly, in order to obtain a high-quality im-
age, it is preferable to perform the frame interpolation
processing before the local dimming processing is per-
formed. Alternatively, in the local dimming processing, it
is preferable to perform the frame interpolation process-
ing before processing for determining the luminance of
a backlight is performed. Alternatively, in the local dim-
ming processing, it is preferable to perform the frame
interpolation processing before processing for determin-
ing a video signal supplied to a pixel is performed. Note
that one example of this disclosure is not limited to this.
[0175] In each of FIGS. 7A to 7D, the case is described
in which super-resolution processing, frame interpolation
processing, and different processing (e.g., edge en-
hancement processing, overdrive processing, or local
dimming processing of a backlight) are performed. Note
that one example of this disclosure is not limited to this.
In addition to the above processings, processing such
as edge enhancement processing, overdrive processing,
or local dimming processing of a backlight can be per-
formed. Therefore, in a similar manner, any of the con-
tents or the drawings described thus far can be applied
to the case where different processing is further per-
formed.
[0176] For example, FIGS. 8A and 8B each illustrate
a processing flow in the case where different processing
is performed in addition to super-resolution processing,
frame interpolation processing, and edge enhancement
processing. That is, the processing flows illustrated in
FIGS. 8A and 8B each correspond to a processing flow
where different processing is added to the processings
illustrated in FIG. 7A and FIG. 1A. Note that one example
of this disclosure is not limited to this.
[0177] FIG. 8A illustrates a processing flow in the case
where frame interpolation processing is performed using
an image signal obtained from an image source so that
frame frequency is made higher, super-resolution
processing is performed so that resolution is increased,
edge enhancement processing is performed, and then
overdrive processing is performed. Therefore, the
processing flow in FIG. 8A corresponds to a processing
flow where edge enhancement processing is added to
the processing flow in FIG 7C. The processing flow in
FIG. 8A corresponds to a processing flow where edge
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enhancement processing and overdrive processing are
added to the processing flow in FIG 1A.
[0178] Note that a variety of processings are further
performed after the overdrive processing is performed.
After that, an image can be displayed.
[0179] Note that as in FIG. 1B, FIG. 1C, FIG 5B, FIG.
5C, FIG. 7B, or the like, super-resolution processing can
be performed using a plurality of processing systems.
FIGS. 9A and 9B illustrate examples of such a case.
[0180] By performing super-resolution processing be-
fore edge enhancement processing is performed as in
FIG. 8A, FIG. 9A, FIG. 9B, or the like, resolution can be
accurately improved. Since the edge enhancement
processing is not performed on an image before subject-
ed to the super-resolution processing, unnecessary
processing is not performed. Therefore, the super-reso-
lution processing can be accurately performed.
[0181] In a similar manner, since the frame interpola-
tion processing is performed before the edge enhance-
ment processing is performed, data for frame interpola-
tion can be accurately generated. By performing the edge
enhancement processing on a more accurate high-res-
olution image, the edge of an object in the image can be
more accurately acquired, so that a clearer image can
be obtained.
[0182] By performing overdrive processing after super-
resolution processing, edge enhancement processing,
and frame interpolation processing are performed, re-
sponse speed can be made higher, the amount of over-
drive can be controlled adequately, and display with few-
er afterimages can be performed. Alternatively, since
frame frequency is made higher by frame interpolation
processing, overdrive processing can be changed in ac-
cordance with an increase in frame frequency. Alterna-
tively, the gray level of each pixel is changed in accord-
ance with a change in an image by super-resolution
processing, edge enhancement processing, and frame
interpolation processing; thus, overdrive processing can
be changed in accordance with the amount of a change
in gray level. Therefore, by performing the overdrive
processing after the super-resolution processing, the
edge enhancement processing, and the frame interpo-
lation processing are performed, the amount of overdrive
can be controlled adequately, so that the gray level of
each pixel can be optimized. Thus, the response speed
can be made higher and the overdrive can be accurately
performed. Further, by the super-resolution processing,
a high-resolution image can be displayed without gener-
ation of afterimages. Furthermore, by the edge enhance-
ment processing, a sharply-defined image can be dis-
played. Alternatively, by the frame interpolation process-
ing, afterimages can be reduced and moving images can
be accurately displayed. Accordingly, in order to obtain
a high-quality image, it is important to perform the super-
resolution processing, the edge enhancement process-
ing, and the frame interpolation processing before the
overdrive processing is performed. Note that one exam-
ple of this disclosure is not limited to this.

[0183] FIG 8B illustrates a processing flow in the case
where frame interpolation processing is performed using
an image signal obtained from an image source so that
frame frequency is made higher, super-resolution
processing is performed so that resolution is increased,
edge enhancement processing is performed, and then
local dimming processing is performed. Therefore, the
processing flow in FIG. 8B corresponds to a processing
flow where edge enhancement processing is added to
the processing flow in FIG. 7D.
[0184] Note that a variety of processings are further
performed after the local dimming processing is per-
formed. After that, an image can be displayed.
[0185] By performing super-resolution processing be-
fore edge enhancement processing is performed in this
manner, resolution can be accurately improved. Since
the edge enhancement processing is not performed on
an image before subjected to the super-resolution
processing, unnecessary processing is not performed.
Therefore, the super-resolution processing can be accu-
rately performed.
[0186] In a similar manner, since the frame interpola-
tion processing is performed before the edge enhance-
ment processing is performed, data for frame interpola-
tion can be accurately generated. By performing the edge
enhancement processing on a more accurate high-res-
olution image, the edge of an object in the image can be
more accurately acquired, so that a clearer image can
be obtained.
[0187] Alternatively, it is preferable that local dimming
processing be performed after super-resolution process-
ing, edge enhancement processing, and frame interpo-
lation processing are performed. When the super-reso-
lution processing is performed, due to restoration of data,
new data is added. Thus, the gray level of each pixel is
different before and after the super-resolution processing
in some cases. Alternatively, before and after the super-
resolution processing, there is a region where the gray
level of a pixel is changed in a screen. In a similar manner,
by the edge enhancement processing, an image is proc-
essed such that the edge of an object in the image is
enhanced. Thus, there is a region where the gray level
of a pixel is changed in a screen. In a similar manner, by
the frame interpolation processing, a new frame and a
new image are generated. Thus, there is a region where
the gray level of a pixel is changed in a screen. Thus, by
performing local dimming after a new frame is generated
by frame interpolation processing, image data is restored
by super-resolution processing, and image processing
is performed by edge enhancement processing, the local
dimming processing can be accurately performed.
Therefore, contrast can be improved and an accurate
image can be displayed. Accordingly, in order to obtain
a high-quality image, it is preferable to perform the super-
resolution processing, the edge enhancement process-
ing, and the frame interpolation processing before the
local dimming processing is performed. Alternatively, in
the local dimming processing, it is preferable to perform
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the super-resolution processing, the edge enhancement
processing, and the frame interpolation processing be-
fore processing for determining the luminance of a back-
light is performed. Alternatively, in the local dimming
processing, it is preferable to perform the super-resolu-
tion processing, the edge enhancement processing, and
the frame interpolation processing before processing for
determining a video signal supplied to a pixel is per-
formed. Note that one example of this disclosure is not
limited to this.
[0188] FIG. 8C illustrates a processing flow in the case
where frame interpolation processing is performed using
an image signal obtained from an image source, super-
resolution processing is performed so that resolution is
increased, local dimming processing is performed, and
then overdrive processing is performed. Therefore, the
processing flow in FIG 8C corresponds to a processing
flow where local dimming processing is added to the
processing flow in FIG 8A. Alternatively, the processing
flow in FIG. 8C corresponds to a processing flow where
overdrive processing is added to the processing flow in
FIG. 8B. Alternatively, the processing flow in FIG 8C cor-
responds to a processing flow where overdrive process-
ing and local dimming processing are added to the
processing flow in FIG 1A. Alternatively, the processing
flow in FIG. 8C corresponds to a processing flow where
local dimming processing is added to the processing flow
in FIG. 7C. Alternatively, the processing flow in FIG 8C
corresponds to a processing flow where local dimming
processing is added to the processing flow in FIG. 7D.
[0189] It is preferable that local dimming processing
be performed after super-resolution processing and
frame interpolation processing are performed in this man-
ner. When the super-resolution processing is performed,
due to restoration of data, new data is added. Thus, the
gray level of each pixel is different before and after the
super-resolution processing in some cases. Alternative-
ly, before and after the super-resolution processing, there
is a region where the gray level of a pixel is changed in
a screen. In a similar manner, by the frame interpolation
processing, a new frame and a new image are generated.
Thus, there is a region where the gray level of a pixel is
changed in a screen. Therefore, by performing local dim-
ming after a new frame is generated by frame interpola-
tion processing and image data is restored by super-res-
olution processing, the local dimming processing can be
accurately performed. Thus, contrast can be improved
and an accurate image can be displayed. Accordingly,
in order to obtain a high-quality image, it is preferable to
perform the super-resolution processing and the frame
interpolation processing before the local dimming
processing is performed. Alternatively, in the local dim-
ming processing, it is preferable to perform the super-
resolution processing and the frame interpolation
processing before processing for determining the lumi-
nance of a backlight is performed. Alternatively, in the
local dimming processing, it is preferable to perform the
super-resolution processing and the frame interpolation

processing before processing for determining a video sig-
nal supplied to a pixel is performed. Note that one exam-
ple of this disclosure is not limited to this.
[0190] Alternatively, by performing overdrive process-
ing after frame interpolation processing, super-resolution
processing, and local dimming processing are per-
formed, response speed can be made higher, the amount
of overdrive can be controlled adequately, and display
with fewer afterimages can be performed. Alternatively,
the gray level of each pixel is changed in accordance
with a change in luminance of an image or a backlight
by frame interpolation processing, super-resolution
processing, and local dimming processing; thus, over-
drive processing can be changed in accordance with the
amount of a change in luminance. Therefore, by perform-
ing the overdrive processing after the frame interpolation
processing, the super-resolution processing, and the lo-
cal dimming processing are performed, the amount of
overdrive can be controlled adequately, so that the gray
level of each pixel can be optimized. Thus, the response
speed can be made higher and the overdrive can be ac-
curately performed. Further, by the super-resolution
processing, a high-resolution image can be displayed
without generation of afterimages. Furthermore, by the
local dimming processing, a high-contrast image can be
displayed. Alternatively, by the frame interpolation
processing, afterimages can be reduced and moving im-
ages can be accurately displayed. Accordingly, in order
to obtain a high-quality image, it is preferable to perform
the frame interpolation processing, the super-resolution
processing, and the local dimming processing before the
overdrive processing is performed. Note that one exam-
ple of this disclosure is not limited to this.
[0191] In the case where both local dimming process-
ing and overdrive processing are performed in this man-
ner, it is preferable that overdrive processing be per-
formed after the local dimming processing is performed,
as illustrated in FIG. 8D. Note that one example of this
disclosure is not limited to this. Note that before and after
each stage in the processing flow, a variety of different
processings can be performed. As examples of a variety
of different processings, there are super-resolution
processing, edge enhancement processing, frame inter-
polation processing, overdrive processing, local dimming
processing, IP conversion processing, enlargement
processing, and the like. Further, different processing is
possible.
[0192] Therefore, in the case where overdrive process-
ing is performed in FIG. 8B or in the case where local
dimming processing is performed in FIG. 8A, a process-
ing flow as in FIG 8E is preferably used. Note that one
example of this disclosure is not limited to this.

(Disclosure 4)

[0193] Next, the case where part of a processing flow
is deformed is described. Therefore, the content de-
scribed in any of the other disclosures can be applied to,
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combined with, or replaced with this disclosure.
[0194] FIGS. 10A and 10B each illustrate an example
of the case where part of FIG. 7E, FIG. 7D, FIG. 8B, FIG.
8C, FIG. 8E, or the like is deformed. First, super-resolu-
tion processing is performed. Concurrently, processing
for controlling the luminance of a backlight in local dim-
ming processing is performed using image data on which
super-resolution processing is not performed. Then, by
using data whose resolution is made higher by super-
resolution processing and data related to the determined
luminance of each region of the backlight, which has low
resolution, processing for determining a video signal to
be supplied to each pixel in the local dimming processing
is performed.
[0195] In the case of performing the super-resolution
processing, an image is not significantly changed in some
cases. In addition, the pitch of the backlight is much larger
than the pixel pitch. Therefore, even when processing
for determining the luminance of a backlight in each re-
gion in the local dimming processing is performed by us-
ing data before subjected to the super-resolution
processing, there is no practical problem.
[0196] By performing such processing, the super-res-
olution processing and the processing for controlling the
luminance of a backlight in local dimming processing can
be concurrently performed. Thus, the total processing
time can be shortened. Accordingly, even in the case
where real-time display is needed, for example, in the
case of displaying a game, display can be performed
without delay.
[0197] For example, by using a multi-core CPU includ-
ing a plurality of CPU cores and distributing processings
across the CPU cores, super-resolution processing and
local dimming processing can be performed concurrent-
ly. With the use of a multi-core CPU in this manner, high-
speed operation is possible with fewer components. Note
that such a multi-core CPU can include a semiconductor
device (or a transistor) formed using an SOI. With the
use of an SOI, operation can be performed with low power
consumption and heat generation during the operation
can be suppressed.
[0198] Note that in FIG. 10A, edge enhancement
processing, overdrive processing, frame interpolation
processing, or the like can be added. For example, a flow
chart in the case where edge enhancement processing
is added is illustrated in FIG. 10B. FIG. 10B illustrates a
flow chart in the case where edge enhancement process-
ing is performed after super-resolution processing is per-
formed. Note that one example of this disclosure is not
limited to this.
[0199] FIGS. 11A and 11B each illustrate another ex-
ample of the case where part of FIG. 7D, FIG. 8B, FIG.
8C, FIG. 8E, or the like is deformed. First, frame interpo-
lation processing is performed. Concurrently, processing
for controlling the luminance of a backlight in local dim-
ming processing is performed using image data whose
frame frequency has not been made higher. Next, super-
resolution processing is performed using image data

whose frame frequency has been made higher by the
frame interpolation processing. Then, by using data
whose resolution is made higher and data related to the
determined luminance of each region of the backlight,
which has low resolution, processing for determining a
video signal supplied to each pixel in the local dimming
processing is performed.
[0200] Note that the super-resolution processing and
the processing for controlling the luminance of a backlight
in the local dimming processing can be performed con-
currently.
[0201] For example, by using a multi-core CPU includ-
ing a plurality of CPU cores and distributing processings
across the CPU cores, frame interpolation processing,
super-resolution processing, and local dimming process-
ing can be performed concurrently. With the use of a
multi-core CPU in this manner, high-speed operation is
possible with fewer components. Note that such a multi-
core CPU can include a semiconductor device (or a tran-
sistor) formed using an SOI. With the use of an SOI,
operation can be performed with low power consumption
and heat generation during the operation can be sup-
pressed.
[0202] In the case of performing the frame interpolation
processing, an image is not significantly changed in some
cases. In addition, the pitch of the backlight is much larger
than the pixel pitch. Therefore, even when processing
for determining the luminance of a backlight in each re-
gion in the local dimming processing is performed by us-
ing data before subjected to the frame interpolation
processing, there is no practical problem.
[0203] By performing such processing, the frame in-
terpolation processing and the processing for controlling
the luminance of a backlight in local dimming processing
can be concurrently performed. Thus, the total process-
ing time can be shortened. Accordingly, even in the case
where real-time display is needed, for example, in the
case of displaying a game, display can be performed
without delay.
[0204] Note that in FIG. 11A, edge enhancement
processing, overdrive processing, or the like can be add-
ed. For example, FIG. 11B illustrates an example of the
case where edge enhancement processing is also per-
formed. Note that one example of this disclosure is not
limited to this.
[0205] Note that in FIG. 11A, the super-resolution
processing can be performed using a plurality of process-
ing systems. FIGS. 12A and 12B illustrate examples of
such a case. FIG. 12A corresponds to a processing flow
to which the processing flow in FIG. 1B is applied. FIG.
12B corresponds to a processing flow to which the
processing flow in FIG. 5B is applied. The content de-
scribed in Disclosure 1 can be applied in this manner.
The other contents can be applied in a similar manner.

(Disclosure 5)

[0206] In this disclosure examples of lighting devices
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are described. The lighting device can be used as a back-
light of a liquid crystal display device, an interior lamp, or
the like. Note that one example of this disclosure is not
limited to this.
[0207] FIGS. 13A and 13B illustrate a backlight or a
lighting device in the case where a point light source is
used. As illustrated in FIG. 13A, a device 1001 includes
a plurality of point light sources 1002. By arranging the
point light sources 1002 in array, a uniform planar light
source can be formed. The device 1001 can be used as
a backlight of a liquid crystal display device or part of the
backlight of the liquid crystal display device.
[0208] In addition, partitions 1003 are arranged in a
lateral direction. Further, partitions 1004 are arranged in
a longitudinal direction. By arranging the plurality of par-
titions 1003 and the plurality of partitions 1004, the planar
light source can be divided into a plurality of regions. In
FIG. 10A, the planar light source is divided into three
regions in the longitudinal direction and is divided into
nine regions in the lateral direction. Therefore, light can
be prevented from leaking into a different region by the
partitions. Further, by controlling the luminance of the
point light source 1002 in each region, local dimming (lo-
cal dimming of a backlight) can be realized. In particular,
by arranging the partitions, light can be prevented from
leaking into a different region, so that the luminance of
each region can be accurately controlled. Therefore, the
transmittance of a liquid crystal element in each region
can be easily derived. Alternatively, contrast can be im-
proved because of little light leakage. Note that one ex-
ample of this disclosure is not limited to this.
[0209] Alternatively, some of the light sources can be
set to be in a non-lighting state and the non-lighting state
can be moved line by line or block by block in a screen.
That is, the point light sources in the screen can be party
turned off and the off-state regions can be scanned. For
example, the point light sources can be scanned from
the top to the bottom. By performing such backlight scan-
ning, afterimages can be reduced and moving-image
characteristics can be improved.
[0210] Note that as the partitions, only partitions which
are arranged in a lateral direction like the partitions 1003
can be arranged. Alternatively, as the partitions, only par-
titions which are arranged in a longitudinal direction like
the partitions 1004 can be arranged. Alternatively, it is
possible not to provide a partition itself.
[0211] Note that it is preferable that a surface of the
partition 1003 or the partition 1004 be a mirror surface
or a white surface. Note that one example of this disclo-
sure is not limited to this. In the case of the mirror surface,
light can be reflected, so that light can be efficiently uti-
lized. Therefore, power consumption can be reduced. In
the case of the white surface, light can be diffused. There-
fore, boundaries between regions are not easily seen,
so that visibility can be improved.
[0212] Note that the transmittance of the partition 1003
or the partition 1004 is preferably less than or equal to
50 %, more preferably less than or equal to 30 %. Alter-

natively, the transmittance of the partition 1003 or the
partition 1004 is preferably greater than or equal to 1 %,
more preferably greater than or equal to 5 %. Note that
one example of this disclosure is not limited to this. Be-
cause of low transmittance, light leakage can be reduced
and the luminance of each region can be accurately con-
trolled. However, in the case where light does not pass
completely, the boundaries between the regions are
seen, so that visibility is decreased in some cases. There-
fore, when a slight amount of light passes, the boundaries
between the regions are not easily seen, so that visibility
can be improved.
[0213] Note that the partition 1003 or the partition 1004
can be formed using an organic matter such as acrylic,
plastics, polycarbonate, or PET. Note that one example
of this embodiment is not limited to this.
[0214] Note that a spacer 1005 can be provided. Note
that one example of this embodiment is not limited to this.
It is possible not to provide the spacer 1005. The spacer
1005 has a function of preventing a sheet provided over
the point light sources 1002, the partitions 1003, the par-
titions 1004, and the like from bending.
[0215] Note that in the case of providing the spacer
1005, the number of the spacers 1005 is not so large but
can be small. Therefore, in FIG. 13A, the planar light
source is divided into three regions in the longitudinal
direction and is divided into nine regions in the lateral
direction, so that twenty seven regions are provided in
total. It is possible to provide regions where the spacers
1005 are provided and regions where the spacers 1005
are not provided. Alternatively, the number of the spacers
1005 can be smaller than the number of the regions. In
the case where the spacers 1005 are not provided in all
the regions in this manner, manufacture can be facilitated
and/or cost can be reduced.
[0216] Note that it is preferable that the spacer 1005
be a transparent spacer, a black spacer, or a white spac-
er. With the transparent spacer, the black spacer, or the
white spacer, generation of unevenness in luminance or
deviation of color depending on existence and nonexist-
ence of the spacer 1005 can be suppressed. Note that
one example of this disclosure is not limited to this.
[0217] Note that the spacer 1005 can be formed using
an organic matter such as acrylic, plastics, polycar-
bonate, or PET. Note that one example of this disclosure
is not limited to this.
[0218] Note that for example, the point light source
1002 is formed using light-emitting diodes of three colors
or lasers of three colors. In addition, the light-emitting
diodes or the lasers have colors of red, blue, and green.
Further, for example, by using the lasers of three colors,
a white color can be expressed. Therefore, colors are
not limited to red, blue, and green as long as a white color
can be expressed. For example, cyan, magenta, yellow,
and the like (CMYK) can be used for the point light source.
[0219] In the case where luminance can be controlled
in each color in this manner, local dimming can be per-
formed more precisely. Thus, power consumption can
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be reduced or contrast can be improved, for example.
[0220] Note that the number of light-emitting diodes of
each color is preferably the same. Note that one example
of this disclosure is not limited to this. Only the number
of light-emitting diodes of a certain color can be in-
creased. For example, the number of green light-emitting
diodes can be twice the number of red or blue light-emit-
ting diodes. By changing the number of light-emitting di-
odes in each color in this manner, chromaticity can be
easily adjusted. Further, a difference in the life of light-
emitting diodes between the respective colors can be
suppressed.
[0221] Note that colors of the light-emitting diodes are
not limited to three colors. For example, by using a light-
emitting diode having a color which is similar to a certain
color, chromaticity can be increased. For example, four
colors can be used by addition of a color which is similar
to green to red, blue, and green.
[0222] Note that a white light-emitting diode can be
used in addition to a red light-emitting diode, a blue light-
emitting diode, and a green light-emitting diode. By using
the white light-emitting diode, the lives of the light-emit-
ting diodes can be prolonged. Alternatively, by using the
white light-emitting diode, the change in color due to tem-
perature can be suppressed.
[0223] Note that it is possible to use only a white light-
emitting diode and not to use a light-emitting diode other
than the white light-emitting diode, such as a red light-
emitting diode, a blue light-emitting diode, or a green
light-emitting diode. By using only the white light-emitting
diode, colors can be prevented from not being mixed with
each other. Alternatively, by using only the white light-
emitting diode, deviation of color due to deterioration can
be suppressed.
[0224] Note that a pitch 1007 of the point light source
1002 in the lateral direction is preferably shorter than a
pitch 1006 of the point light source 1002 in the longitudinal
direction. Note that one example of this disclosure is not
limited to this.
[0225] Note that as for the number of regions, the
number of regions in the lateral direction is preferably
larger than the number of regions in the longitudinal di-
rection. For example, the number of regions in the lon-
gitudinal direction is three and the number of regions in
the lateral direction is nine in FIG 13A.
[0226] Note that the number of regions in one screen
is preferably smaller than the number of light-emitting
diodes of a certain color. That is, as for a certain color in
one region, a plurality of point light sources are preferably
provided. As for the point light sources provided in one
region, the luminance of the plurality of point light sources
of a certain color is preferably controlled so as to be the
same luminance at the same time. That is, luminance is
preferably controlled in each color in one region. For ex-
ample, in the case where three red light-emitting diodes
are provided in one region, it is preferable that the lumi-
nance of the three light-emitting diodes be raised when
the luminance is raised and the luminance of the three

light-emitting diodes be lowered when the luminance is
lowered. However, since characteristics of light-emitting
diodes or the like vary, it is difficult to make the light-
emitting diode have the same luminance. Therefore, it is
preferable that the light-emitting diodes emit light at the
same luminance in consideration of variations in charac-
teristics. For example, it is preferable that the light-emit-
ting diodes emit light at the same luminance in consid-
eration of a variation of approximately 30 %. By providing
a plurality of point light sources in one region in this man-
ner, unevenness in luminance can be suppressed. Alter-
natively, deterioration of the point light sources can be
suppressed. Note that one example of this disclosure is
not limited to this.
[0227] FIG. 13B illustrates an example of part of a cross
section in FIG. 13A. A diffusing plate 1011 is provided
over the device 1001. Unevenness in luminance is sup-
pressed by the diffusing plate 1011. The diffusing plate
1011 is supported by the spacers 1005 so as not to bend
even in the center of the screen.
[0228] A display panel 1012 is provided over the dif-
fusing plate 1011. The display panel includes, for exam-
ple, a pixel, a driver circuit, a liquid crystal element, a
glass substrate, a thin film transistor, a polarization plate,
a retardation plate, a color filter, and/or a prism sheet.
By operating the display panel 1012 in cooperation with
the backlight, appropriate display can be performed.
[0229] Note that the diffusing plate 1011 has a function
of diffusing light while transmitting light. Thus, it is pref-
erable that the diffusing plate 1011 have a function of
diffusing light and have high transmittance. Therefore,
the transmittance of the diffusing plate 1011 is preferably
higher than the transmittance of the partition 1003. When
the transmittance of the diffusing plate 1011 is high, light
reflected on the partition 1003 can be transmitted through
the diffusing plate 1011. Thus, light can be prevented
from leaking into a different region and can be easily emit-
ted to the screen. Therefore, luminance in each region
can be precisely controlled and local dimming can be
accurately performed. Note that one example of this dis-
closure is not limited to this.
[0230] Note that height 1014 of the partition 1003 is
preferably higher than height 1013 of the point light
source 1002. In order to prevent light emitted from the
point light source 1002 from leaking into a different re-
gion, the height 1014 of the partition 1003 is preferably
higher than the height 1013 of the point light source 1002.
Note that one example of this disclosure is not limited to
this.
[0231] Note that a distance 1015 between the partition
1003 and the diffusing plate 1011 is preferably shorter
than the height 1014 of the partition 1003. In the case
where the distance 1015 is long, a large amount of light
leaks. Therefore, the distance 1015 is preferably shorter
than the height 1014 of the partition 1003. Note that one
example of this disclosure is not limited to this.
[0232] Note that the distance 1015 between the parti-
tion 1003 and the diffusing plate 1011 is preferably longer
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than the height 1013 of the point light source 1002. In
the case where the distance 1015 is too short, boundaries
between regions may be seen on the screen because
the boundaries are sharp. Therefore, in order that the
boundaries between the regions are not seen on the
screen, length for leakage of some light is needed. Thus,
by making the height of the partition 1003 higher than
the height 1013 of the point light source 1002, an appro-
priate amount of light can leak. Note that one example
of this disclosure is not limited to this.
[0233] Note that it is preferable that the height 1014 of
the partition 1003 be substantially the same as the height
of the point light source 1002. Description "substantially
the same" refers to the case where two objects have the
same values in consideration of an error in manufactur-
ing, variation, or a slight difference. For example, a var-
iation of approximately 10 % can be included. By making
the height of the partition be substantially the same as
the height of the point light source 1002, the amount of
light leakage can be uniform, so that unevenness in lu-
minance can be suppressed. Note that one example of
this disclosure is not limited to this.
[0234] Note that although the point light source is pro-
vided in each region in FIGS. 13A and 13B, one example
of this disclosure is not limited to this. A small planar light
source can be provided in each region. FIGS. 14A to 14D
illustrate an example of the case where a planar light
source is provided in each region. The planar light source
can be formed in a manner similar to that in the case of
point light source. Therefore, the content (may be part of
the content) or the diagram (may be part of the diagram)
described in FIGS. 13A and 13B can be applied to FIGS.
14A to 14D.
[0235] In FIG. 14A, a planar light source 1102 is pro-
vided in each region. The planar light source 1102 can
be realized with a variety of structures.
[0236] Note that although FIG. 11A illustrates the case
where the partition 1003 and the partition 1004 are not
provided, one example of this disclosure is not limited to
this. Only partitions which are arranged in a lateral direc-
tion like the partitions 1003 can be arranged. Alternative-
ly, only partitions which are arranged in a longitudinal
direction like the partitions 1004 can be arranged. Alter-
natively, it is possible to provide both of the partitions.
[0237] Note that the spacer 1005 can be provided.
Note that one example of this disclosure is not limited to
this. It is possible not to provide the spacer 1005. The
spacer 1005 has a function of preventing a sheet provid-
ed over the planar light sources 1102 and the like from
bending. Note that in the case of the planar light source,
the area of a void in a region is small, so that it is possible
not to provide the spacer 1005.
[0238] Note that the pitch of the planar light source
1102 in the lateral direction is preferably shorter than the
pitch of the planar light source 1102 in the longitudinal
direction. Note that one example of this disclosure is not
limited to this.
[0239] Note that the height of the partition is preferably

higher than the height of the planar light source 1102. In
order to prevent light emitted from the planar light source
1102 from leaking into a different region, the height of
the partition is preferably higher than the height of the
planar light source 1102. Note that one example of this
disclosure is not limited to this.
[0240] Further, in the case where a diffusing plate is
provided over the planar light source 1102, a distance
between the partition and the diffusing plate is preferably
longer than the height of the planar light source 1102. In
the case where the distance is too short, boundaries be-
tween regions may be seen on a screen because the
boundaries are sharp. Therefore, in order that the bound-
aries between the regions are not seen on the screen,
length for leakage of some light is needed. Thus, by mak-
ing the height of the partition higher than the height of
the planar light source 1102, an appropriate amount of
light can leak. Note that one example of this disclosure
is not limited to this.
[0241] Next, as an example of the planar light source
1102, FIG. 14B illustrates a cross section in the case
where a light guide plate and a line light source (or a
group of point light sources) are provided and a small
planar light source is formed. FIG 14B illustrates a cross
section of three planar light sources. Light enters a light
guide plate 1104 from a line light source 1103. Light is
fully reflected in the light guide plate 1104 repeatedly and
is transmitted. In addition, a bottom surface 1105 of the
light guide plate 1104 is processed. Therefore, light is
emitted from a surface of the light guide plate 1104, so
that a planar light source is realized.
[0242] For example, the bottom surface 1105 is proc-
essed as follows: unevenness is formed like a prism, or
ink is printed. By controlling density, shape, or the like
thereof, a uniform planar light source can be realized.
[0243] Note that in the case where a planar light source
as in FIG 14A is used, the diffusing plate 1011 can be
provided over the planar light source. Thus, unevenness
in luminance can be suppressed. Note that unlike the
case of using a point light source, in the case of using
the planar light source 1102, luminance has already been
uniformed to some extent. Thus, it is possible not to pro-
vide the diffusing plate 1011.
[0244] As another example of the planar light source
1102, a plane fluorescent tube (plane cathode tube) can
be used.
[0245] Alternatively, as illustrated in FIG. 14C, a fluo-
rescent tube (cathode tube) 1106 is bent and provided
in a region so as to be used like a plane fluorescent tube
(plane cathode tube). Thus, a planar light source can be
realized. In that case, as illustrated in a cross-sectional
view in FIG. 14D, by providing a diffusing plate 1107
around the fluorescent tube (cathode tube) 1106, in par-
ticular, above the fluorescent tube (cathode tube) 1106,
it is possible to make the planar light source closer to a
uniform planar light source. Note that one example of this
disclosure is not limited to this.
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(Disclosure 6)

[0246] Next, another structure example and a driving
method of a display device are described. In this disclo-
sure the case of using a display device including a display
element whose luminance response with respect to sig-
nal writing is slow (response time is long) is described.
In this disclosure a liquid crystal element is described as
an example of the display element with long response
time. In this embodiment, a liquid crystal element is illus-
trated as an example of the display element with long
response time. However, a display element in this dis-
closure is not limited to this, and a variety of display el-
ements whose luminance response with respect to signal
writing is slow can be used.
[0247] In a general liquid crystal display device, lumi-
nance response with respect to signal writing is slow, and
it sometimes takes more than one frame period to com-
plete the response even when signal voltage is continu-
ously applied to a liquid crystal element. Moving images
cannot be displayed precisely by such a display element.
Further, in the case of active matrix driving, time for signal
writing to one liquid crystal element is only a period (one
scan line selection period) obtained by dividing a signal
writing cycle (one frame period or one subframe period)
by the number of scan lines, and the liquid crystal element
cannot respond in such a short time in many cases.
Therefore, most of the response of the liquid crystal el-
ement is performed in a period during which signal writing
is not performed. Here, the dielectric constant of the liquid
crystal element is changed in accordance with the trans-
mittance of the liquid crystal element, and the response
of the liquid crystal element in a period during which sig-
nal writing is not performed means that the dielectric con-
stant of the liquid crystal element is changed in a state
where electric charge is not exchanged with the outside
of the liquid crystal element (in a constant charge state).
In other words, in a formula where charge = (capaci-
tance)·(voltage), the capacitance is changed in a state
where the charge is constant. Accordingly, voltage ap-
plied to the liquid crystal element is changed from voltage
in signal writing, in accordance with the response of the
liquid crystal element. Therefore, in the case where the
liquid crystal element whose luminance response with
respect to signal writing is slow is driven by active matrix
driving, voltage applied to the liquid crystal element can-
not theoretically reach the voltage in signal writing.
[0248] In the display device in this disclosure a signal
level in signal writing is corrected in advance (a correction
signal is used) so that a display element can reach de-
sired luminance within a signal writing cycle. Thus, the
above problem can be solved. Further, since the re-
sponse time of the liquid crystal element becomes shorter
as the signal level becomes higher, the response time of
the liquid crystal element can also be shorter by writing
a correction signal. A driving method by which such a
correction signal is added is referred to as overdrive. By
overdrive in this disclosure even when a signal writing

cycle is shorter than a cycle for an image signal input to
the display device (an input image signal cycle Tin), the
signal level is corrected in accordance with the signal
writing cycle, so that the display element can reach de-
sired luminance within the signal writing cycle. The case
where the signal writing cycle is shorter than the input
image signal cycle Tin is, for example, the case where
one original image is divided into a plurality of subimages
and the plurality of subimages are sequentially displayed
in one frame period.
[0249] Next, an example of correcting a signal level in
signal writing in a display device driven by active matrix
driving is described with reference to FIGS. 15A and 15B.
FIG. 15A is a graph schematically illustrating a time
change in luminance of signal level in signal writing in
one display element, with the time as the horizontal axis
and the signal level in signal writing as the vertical axis.
FIG. 15B is a graph schematically illustrating a time
change in display level, with the time as the horizontal
axis and the display level as the vertical axis. Note that
when the display element is a liquid crystal element, the
signal level in signal writing can be voltage, and the dis-
play level can be the transmittance of the liquid crystal
element. In the following description, the vertical axis in
FIG. 15A is regarded as the voltage, and the vertical axis
in FIG. 15B is regarded as the transmittance. Note that
in the overdrive in this disclosure the signal level may be
other than the voltage (may be a duty ratio or current, for
example). Note that in the overdrive in this disclosure the
display level may be other than the transmittance (may
be luminance or current, for example). Liquid crystal el-
ements are classified into two modes: a normally black
mode in which black is displayed when voltage is 0 (e.g.,
a VA mode and an IPS mode), and a normally white mode
in which white is displayed when voltage is 0 (e.g., a TN
mode and an OCB mode). The graph illustrated in FIG.
15B corresponds to both of the modes. The transmittance
increases in the upper part of the graph in the normally
black mode, and the transmittance increases in the lower
part of the graph in the normally white mode. That is, a
liquid crystal mode in this disclosure may be either a nor-
mally black mode or a normally white mode. Note that
timing of signal writing is represented on the time axis by
dotted lines, and a period after signal writing is performed
until the next signal writing is performed is referred to as
a retention period Fi. In this disclosure is an integer and
an index for representing each retention period. In FIGS.
15A and 15B, i is 0 to 2; however, i can be an integer
other than 0 to 2 (only the case where i is 0 to 2 is illus-
trated). Note that in the retention period Fi, transmittance
for realizing luminance corresponding to an image signal
is denoted by Ti, and voltage for providing the transmit-
tance Ti in a constant state is denoted by Vi. In FIG 15A,
a dashed line 5101 represents a time change in voltage
applied to the liquid crystal element in the case where
overdrive is not performed, and a solid line 5102 repre-
sents a time change in voltage applied to the liquid crystal
element in the case where the overdrive in this disclosure
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is performed. In a similar manner, in FIG. 15B, a dashed
line 5103 represents a time change in transmittance of
the liquid crystal element in the case where overdrive is
not performed, and a solid line 5104 represents a time
change in transmittance of the liquid crystal element in
the case where the overdrive in this disclosure is per-
formed. Note that a difference between the desired trans-
mittance Ti and the actual transmittance at the end of the
retention period Fi is referred to as an error αi.
[0250] It is assumed that, in the graph illustrated in FIG.
15A, both the dashed line 5101 and the solid line 5102
represent the case where desired voltage V0 is applied
in a retention period F0; and in the graph illustrated in
FIG. 15B, both the dashed line 5103 and the solid line
5104 represent the case where desired transmittance T0
is obtained. In the case where overdriving is not per-
formed, desired voltage V1 is applied at the beginning of
a retention period F1 as shown by the dashed line 5101.
As has been described above, a period for signal writing
is much shorter than a retention period, and the liquid
crystal element is in a constant charge state in most of
the retention period. Accordingly, voltage applied to the
liquid crystal element in the retention period F1 is
changed along with a change in transmittance and is
greatly different from the desired voltage V1 at the end
of the retention period F1. In this case, the dashed line
5103 in the graph of FIG. 15B is greatly different from
desired transmittance T1. Accordingly, accurate display
of an image signal cannot be performed, so that image
quality is decreased. On the other hand, in the case
where the overdrive in this disclosure is performed, volt-
age V1’ which is higher than the desired voltage V1 is
applied to the liquid crystal element at the beginning of
the retention period F1 as shown by the solid line 5102.
That is, the voltage V1’ which is corrected from the desired
voltage V1 is applied to the liquid crystal element at the
beginning of the retention period F1 so that the voltage
applied to the liquid crystal element at the end of the
retention period F1 is close to the desired voltage V1 in
anticipation of a gradual change in voltage applied to the
liquid crystal element in the retention period F1. Thus,
the desired voltage V1 can be accurately applied to the
liquid crystal element. In this case, as shown by the solid
line 5104 in the graph of FIG. 15B, the desired transmit-
tance T1 can be obtained at the end of the retention period
F1. In other words, the response of the liquid crystal el-
ement within the signal writing cycle can be realized, de-
spite the fact that the liquid crystal element is in a constant
charge state in most of the retention period. Then, in a
retention period F2, the case where desired voltage V2
is lower than V1 is described. Also in that case, as in the
retention period F1, voltage V2’ which is corrected from
the desired voltage V2 may be applied to the liquid crystal
element at the beginning of the retention period F2 so
that the voltage applied to the liquid crystal element at
the end of the retention period F2 is close to the desired
voltage V2 in anticipation of a gradual change in voltage
applied to the liquid crystal element in the retention period

F2. Thus, as shown by the solid line 5104 in the graph of
FIG. 15B, desired transmittance T2 can be obtained at
the end of the retention period F2. Note that in the case
where Vi is higher than Vi-1 as in the retention period F1,
the corrected voltage Vi’ is preferably corrected so as to
be higher than desired voltage Vi. Further, when Vi is
lower than Vi-1 as in the retention period F2, the corrected
voltage Vi’ is preferably corrected so as to be lower than
the desired voltage Vi. Note that a specific correction val-
ue can be derived by measuring response characteristics
of the liquid crystal element in advance. As a method of
realizing overdrive in a device, a method by which a cor-
rection formula is formulated and included in a logic cir-
cuit, a method by which a correction value is stored in a
memory as a look-up table and is read as necessary, or
the like can be used.
[0251] Note that there are several limitations on reali-
zation of the overdrive in this disclosure in a device. For
example, voltage correction has to be performed in the
range of the rated voltage of a source driver. That is, in
the case where desired voltage is originally high and ideal
correction voltage exceeds the rated voltage of the
source driver, not all the correction can be performed.
Problems in such a case are described with reference to
FIGS. 15C and 15D. As in FIG. 15A, FIG. 15C is a graph
in which a time change in voltage in one liquid crystal
element is schematically illustrated as a solid line 5105
with the time as the horizontal axis and the voltage as
the vertical axis. As in FIG. 15B, FIG. 15D is a graph in
which a time change in transmittance of one liquid crystal
element is schematically illustrated as a solid line 5106
with the time as the horizontal axis and the transmittance
as the vertical axis. Note that since other references are
similar to those in FIGS. 15A and 15B, description thereof
is omitted. FIGS. 15C and 15D illustrate a state where
sufficient correction cannot be performed because the
correction voltage V1’ for realizing the desired transmit-
tance T1 in the retention period F1 exceeds the rated
voltage of the source driver; thus V1’ = V1 has to be given.
In this case, the transmittance at the end of the retention
period F1 is deviated from the desired transmittance T1
by the error α1. Note that the error α1 is increased only
when the desired voltage is originally high; therefore, a
decrease in image quality due to occurrence of the error
α1 is in the allowable range in many cases. However, as
the error α1 is increased, an error in algorithm for voltage
correction is also increased. In other words, in the algo-
rithm for voltage correction, when it is assumed that the
desired transmittance is obtained at the end of the reten-
tion period, even though the error α1 is increased, voltage
correction is performed on the basis that the error α1 is
small. Accordingly, the error is included in correction in
the following retention period F2; thus, an error α2 is also
increased. Further, in the case where the error α2 is in-
creased, the following error α3 is further increased, for
example, and the error is increased in a chain reaction
manner, which results in a significant decrease in image
quality. In the overdrive in this disclosure in order to pre-
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vent increase of errors in such a chain reaction manner,
when the correction voltage Vi’ exceeds the rated voltage
of the source driver in the retention period Fi, an error αi
at the end of the retention period Fi is estimated, and the
correction voltage in a retention period Fi+1 can be ad-
justed in consideration of the amount of the error αi. Thus,
even when the error αi is increased, the effect of the error
αi on the error αi+1 can be minimized, so that increase
of errors in a chain reaction manner can be prevented.
An example where the error α2 is minimized in the over-
drive in this disclosure is described with reference to
FIGS. 15E and 15F. In a graph of FIG. 15E, a solid line
5107 represents a time change in voltage in the case
where the correction voltage V2’ in the graph of FIG. 15C
is further adjusted to be correction voltage V2". A graph
of FIG. 15F illustrates a time change in transmittance in
the case where voltage is corrected in accordance with
the graph of FIG. 15E. The solid line 5106 in the graph
of FIG. 15D indicates that excessive correction is caused
by the correction voltage V2’. On the other hand, the solid
line 5108 in the graph of FIG. 15F indicates that excessive
correction is suppressed by the correction voltage V2"
which is adjusted in consideration of the error α1 and the
error α2 is minimized. Note that a specific correction value
can be derived from measuring response characteristics
of the liquid crystal element in advance. As a method of
realizing overdrive in a device, a method by which a cor-
rection formula is formulated and included in a logic cir-
cuit, a method by which a correction value is stored in a
memory as a look-up table and read as necessary, or
the like can be used. Further, such a method can be
added separately from a portion for calculating correction
voltage Vi or can be included in the portion for calculating
correction voltage Vi’. Note that the amount of correction
of correction voltage Vi" which is adjusted in considera-
tion of an error αi-1 (a difference with the desired voltage
Vi) is preferably smaller than that of V¡’. That is, |Vi"’- Vi
|< | Vi’- Vi |is preferable.
[0252] Note that the error αi which is caused because
ideal correction voltage exceeds the rated voltage of the
source driver is increased as a signal writing cycle be-
comes shorter. This is because the response time of the
liquid crystal element needs to be shorter as the signal
writing cycle becomes shorter, so that higher correction
voltage is necessary. Further, as a result of an increase
in correction voltage needed, the correction voltage ex-
ceeds the rated voltage of the source driver more fre-
quently, so that the large error αi occurs more frequently.
Therefore, it can be said that the overdrive in this disclo-
sure becomes more effective as the signal writing cycle
becomes shorter. Specifically, the overdrive in this dis-
closure is significantly effective in the case of performing
the following driving methods: a driving method by which
one original image is divided into a plurality of subimages
and the plurality of subimages are sequentially displayed
in one frame period, a driving method by which motion
of an image is detected from a plurality of images and an
intermediate image of the plurality of images is generated

and inserted between the plurality of images (so-called
motion compensation frame rate doubling), and a driving
method in which such driving methods are combined, for
example.
[0253] Note that the rated voltage of the source driver
has the lower limit in addition to the upper limit described
above. An example of the lower limit is the case where
voltage which is lower than the voltage 0 cannot be ap-
plied. In this case, since ideal correction voltage cannot
be applied as in the case of the upper limit described
above, the error αi is increased. However, also in that
case, the error αi at the end of the retention period Fi is
estimated, and the correction voltage in the retention pe-
riod Fi+1 can be adjusted in consideration of the amount
of the error αi in a manner similar to the above method.
Note that in the case where voltage which is lower than
the voltage 0 (negative voltage) can be applied as the
rated voltage of the source driver, the negative voltage
may be applied to the liquid crystal element as correction
voltage. Thus, the voltage applied to the liquid crystal
element at the end of retention period Fi can be adjusted
so as to be close to the desired voltage Vi in anticipation
of a change in potential due to a constant charge state.
[0254] Note that in order to suppress deterioration of
the liquid crystal element, so-called inversion driving by
which the polarity of voltage applied to the liquid crystal
element is periodically inverted can be performed in com-
bination with the overdrive. That is, the overdrive in this
disclosure includes the case where the overdrive is per-
formed at the same time as the inversion driving. For
example, in the case where the length of the signal writing
cycle is half of that of the input image signal cycle Tin,
when the length of a cycle for inverting polarity is the
same or substantially the same as that of the input image
signal cycle Tin, two sets of writing of a positive signal
and two sets of writing of a negative signal are alternately
performed. The length of the cycle for inverting polarity
is made larger than that of the signal writing cycle in this
manner, so that the frequency of charge and discharge
of a pixel can be reduced. Thus, power consumption can
be reduced. Note that when the cycle for inverting polarity
is made too long, a defect in which luminance difference
due to the difference of polarity is recognized as a flicker
occurs in some cases; therefore, it is preferable that the
length of the cycle for inverting polarity be substantially
the same as or smaller than that of the input image signal
cycle Tin.

(Disclosure 7)

[0255] Next, another structure example and a driving
method of a display device are described. In this disclo-
sure, a method is described by which an image for inter-
polating motion of an image input from the outside of a
display device (an input image) is generated inside the
display device in response to a plurality of input images
and the generated image (the generation image) and the
input image are sequentially displayed. Note that when
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an image for interpolating motion of an input image is a
generation image, motion of moving images can be made
smooth, and a decrease in quality of moving images be-
cause of afterimages or the like due to hold driving can
be suppressed. Here, moving image interpolation is de-
scribed below. Ideally, display of moving images is real-
ized by controlling the luminance of each pixel in real
time; however, individual control of pixels in real time has
problems such as the enormous number of control cir-
cuits, space for wirings, and the enormous amount of
input image data. Thus, it is difficult to realize the individ-
ual control of pixels. Therefore, for display of moving im-
ages by a display device, a plurality of still images are
sequentially displayed in a certain cycle so that display
appears to be moving images. The cycle (in this disclo-
sure referred to as an input image signal cycle and de-
noted by Tin) is standardized, and for example, 1/60 sec-
ond in NTSC and 1/50 second in PAL. Such a cycle does
not cause a problem of moving image display in a CRT,
which is an impulsive display device. However, in a hold-
type display device, when moving images conforming to
these standards are displayed without change, a defect
in which display is blurred because of afterimages or the
like due to hold driving (hold blur) occurs. Since hold blur
is recognized by discrepancy between unconscious mo-
tion interpolation due to human eyes tracking and hold-
type display, the hold blur can be reduced by making the
input image signal cycle shorter than that in conventional
standards (by making the control closer to individual con-
trol of pixels in real time). However, it is difficult to reduce
the length of the input image signal cycle because the
standard needs to be changed and the amount of data
is increased. However, an image for interpolating motion
of an input image is generated inside the display device
in response to a standardized input image signal, and
display is performed while the generation image interpo-
lates the input image, so that hold blur can be reduced
without a change in the standard or an increase in the
amount of data. Operation such that an image signal is
generated inside the display device in response to an
input image signal to interpolate motion of the input image
is referred to as moving image interpolation.
[0256] By a method for interpolating moving images in
this disclosure, motion blur can be reduced. The method
for interpolating moving images in this disclosure can in-
clude an image generation method and an image display
method. Further, by using a different image generation
method and/or a different image display method for mo-
tion with a specific pattern, motion blur can be effectively
reduced. FIGS. 16A and 16B are schematic diagrams
each illustrating an example of a method for interpolating
moving images in this disclosure. FIGS. 16A and 16B
each illustrate timing of treating each image by using the
position of the horizontal direction, with the time as the
horizontal axis. A portion represented as "input" indicates
timing at which an input image signal is input. Here, im-
ages 5121 and 5122 are focused as two images that are
temporally adjacent. An input image is input at an interval

of the cycle Tin. Note that the length of one cycle Tin is
referred to as one frame or one frame period in some
cases. A portion represented as "generation" indicates
timing at which a new image is generated from an input
image signal. Here, an image 5123 which is a generation
image generated in response to the images 5121 and
5122 is focused. A portion represented as "display" indi-
cates timing at which an image is displayed in the display
device. Note that images other than the focused images
are only represented by dashed lines, and by treating
such images in a manner similar to that of the focused
images, the example of the method for interpolating mov-
ing images in this disclosure can be realized.
[0257] In the example of the method for interpolating
moving images in this disclosure as illustrated in FIG.
16A, a generation image which is generated in response
to two input images that are temporally adjacent is dis-
played in a period after one image is displayed until the
other image is displayed, so that moving image interpo-
lation can be performed. In this case, a display cycle of
a display image is preferably half of an input cycle of the
input image. Note that the display cycle is not limited to
this and can be a variety of display cycles. For example,
in the case where the length of the display cycle is shorter
than half of that of the input cycle, moving images can
be displayed more smoothly. Alternatively, in the case
where the length of the display cycle is longer than half
of that of the input cycle, power consumption can be re-
duced. Note that here, an image is generated in response
to two input images which are temporally adjacent; how-
ever, the number of input images serving as a basis is
not limited to two and can be other numbers. For exam-
ple, when an image is generated in response to three
(may be more than three) input images which are tem-
porally adjacent, a generation image with higher accura-
cy can be obtained as compared to the case where an
image is generated in response to two input images. Note
that the display timing of the image 5121 is the same as
the input timing of the image 5122, that is, the display
timing is one frame later than the input timing. However,
display timing in the method for interpolating moving im-
ages in this disclosure is not limited to this and can be a
variety of display timings. For example, the display timing
can be delayed with respect to the input timing by more
than one frame. Thus, the display timing of the image
5123 which is the generation image can be delayed,
which allows enough time to generate the image 5123
and leads to reduction in power consumption and man-
ufacturing cost. Note that when the display timing is de-
layed with respect to the input timing for a long time, a
period for holding an input image becomes longer, and
the memory capacity which is necessary for holding the
input image is increased. Therefore, the display timing
is preferably delayed with respect to the input timing by
approximately one to two frames.
[0258] Here, an example of a specific generation meth-
od of the image 5123 which is generated in response to
the images 5121 and 5122 is described. It is necessary
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to detect motion of an input image in order to interpolate
moving images. In this disclosure a method called a block
matching method can be used in order to detect motion
of an input image. Note that this disclosure is not limited
to this, and a variety of methods (e.g., a method for ob-
taining a difference of image data or a method of using
Fourier transformation) can be used. In the block match-
ing method, first, image data for one input image (here,
image data of the image 5121) is stored in a data storage
means (e.g., a memory circuit such as a semiconductor
memory or a RAM). Then, an image in the next frame
(here, the image 5122) is divided into a plurality of re-
gions. Note that the divided regions can have the same
rectangular shapes as illustrated in FIG. 16A; however,
the divided regions are not limited to them and can have
a variety of shapes (e.g., the shape or size varies de-
pending on images). After that, in each divided region,
data is compared to the image data in the previous frame
(here, the image data of the image 5121), which is stored
in the data storage means, so that a region where the
image data is similar to each other is searched. The ex-
ample of FIG. 16A illustrates that the image 5121 is
searched for a region where data is similar to that of a
region 5124 in the image 5122, and a region 5126 is
found. Note that a search range is preferably limited when
the image 5121 is searched. In the example of FIG. 16A,
a region 5125 which is approximately four times larger
than the region 5124 is set as the search range. By mak-
ing the search range larger than this, detection accuracy
can be increased even in a moving image with high-
speed motion. Note that search in an excessively wide
range needs an enormous amount of time, which makes
it difficult to realize detection of motion. Thus, the region
5125 has preferably approximately two to six times larger
than the area of the region 5124. After that, a difference
of the position between the searched region 5126 and
the region 5124 in the image 5122 is obtained as a motion
vector 5127. The motion vector 5127 represents motion
of image data in the region 5124 in one frame period.
Then, in order to generate an image illustrating the inter-
mediate state of motion, an image generation vector
5128 obtained by changing the size of the motion vector
without a change in the direction thereof is generated,
and image data included in the region 5126 of the image
5121 is moved in accordance with the image generation
vector 5128, so that image data in a region 5129 of the
image 5123 is generated. By performing a series of
processings on the entire region of the image 5122, the
image 5123 is generated. Then, by sequentially display-
ing the input image 5121, the image 5123, and the image
5122, moving images can be interpolated. Note that the
position of an object 5130 in the image is different (i.e.,
the object is moved) between the images 5121 and 5122.
In the generated image 5123, the object is located at the
midpoint between the images 5121 and 5122. By dis-
playing such images, motion of moving images can be
made smooth, and blur of moving images due to after-
images or the like can be reduced.

[0259] Note that the size of the image generation vec-
tor 5128 can be determined in accordance with the dis-
play timing of the image 5123. In the example of FIG.
16A, since the display timing of the image 5123 is the
midpoint (1/2) between the display timings of the images
5121 and 5122, the size of the image generation vector
5128 is half of that of the motion vector 5127. Alterna-
tively, for example, when the display timing is 1/3 be-
tween the display timings of the images 5121 and 5122,
the size of the image generation vector 5128 can be 1/3,
and when the display timing is 2/3 between the display
timings of the images 5121 and 5122, the size can be 2/3.
[0260] Note that in the case where a new image is gen-
erated by moving a plurality of regions having different
motion vectors in this manner, a portion where one region
has already been moved to a region that is a destination
for another region or a portion to which any region is not
moved is generated in some cases (i.e., overlap or blank
occurs in some cases). For such portions, data can be
compensated. As a method for compensating an overlap
portion, a method by which overlap data is averaged; a
method by which data is arranged in order of priority ac-
cording to the direction of motion vectors or the like, and
high-priority data is used as data in a generation image;
or a method by which one of color and brightness is ar-
ranged in order of priority and the other thereof is aver-
aged can be used, for example. As a method for com-
pensating a blank portion, a method by which image data
of the portion of the image 5121 or the image 5122 is
used as data in a generation image without modification,
a method by which image data of the portion of the image
5121 or the image 5122 is averaged, or the like can be
used. Then, the generated image 5123 is displayed in
accordance with the size of the image generation vector
5128, so that motion of moving images can be made
smooth, and the decrease in quality of moving images
because of afterimages or the like due to hold driving can
be suppressed.
[0261] In another example of the method for interpo-
lating moving images in this disclosure, as illustrated in
FIG. 16B, when a generation image which is generated
in response to two input images which are temporally
adjacent is displayed in a period after one image is dis-
played until the other image is displayed, each display
image is divided into a plurality of subimages to be dis-
played. Thus, moving images can be interpolated. This
case can have advantages of displaying a dark image at
regular intervals (advantages when a display method is
made closer to impulsive display) in addition to advan-
tages of a shorter image display cycle. That is, blur of
moving images due to afterimages or the like can be fur-
ther reduced as compared to the case where the length
of the image display cycle is just made to half of that of
the image input cycle. In the example of FIG. 16B, "input"
and "generation" can be similar to the processings in the
example of FIG. 16A; therefore, description thereof is
omitted. For "display" in the example of FIG. 16B, one
input image and/or one generation image can be divided
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into a plurality of subimages to be displayed. Specifically,
as illustrated in FIG. 16B, the image 5121 is divided into
subimages 5121a and 5121b and the subimages 5121a
and 5121b are sequentially displayed so as to make hu-
man eyes perceive that the image 5121 is displayed; the
image 5123 is divided into subimages 5123a and 5123b
and the subimages 5123a and 5123b are sequentially
displayed so as to make human eyes perceive that the
image 5123 is displayed; and the image 5122 is divided
into subimages 5122a and 5122b and the subimages
5122a and 5122b are sequentially displayed so as to
make human eyes perceive that the image 5122 is dis-
played. That is, the display method can be made closer
to impulsive display while the image perceived by human
eyes is similar to that in the example of FIG. 16A, so that
blur of moving images due to afterimages or the like can
be further reduced. Note that the number of division of
subimages is two in FIG. 16B; however, the number of
division of subimages is not limited to this and can be
other numbers. Note that subimages are displayed at
regular intervals (1/2) in FIG. 16B; however, timing of
displaying subimages is not limited to this and can be a
variety of timings. For example, when timing of displaying
dark subimages 5121b, 5122b, and 5123b is made ear-
lier (specifically, timing at 1/4 to 1/2), the display method
can be made much closer to impulsive display, so that
blur of moving images due to afterimages or the like can
be further reduced. Alternatively, when the timing of dis-
playing dark subimages is delayed (specifically, timing
at 1/2 to 3/4), the length of a period for displaying a bright
image can be increased, so that display efficiency can
be increased and power consumption can be reduced.
[0262] Another example of the method for interpolating
moving images in this disclosure is an example in which
the shape of an object which is moved in an image is
detected and different processings are performed de-
pending on the shape of the moving object. FIG. 16C
illustrates display timing as in the example of FIG. 16B
and the case where moving characters (also referred to
as scrolling texts, subtitles, captions, or the like) are dis-
played. Note that since terms "input" and "generation"
may be similar to those in FIG. 16B, they are not illus-
trated in FIG. 16C. The amount of blur of moving images
by hold driving varies depending on properties of a mov-
ing object in some cases. In particular, blur is recognized
remarkably when characters are moved in many cases.
This is because eyes track moving characters to read
the characters, so that hold blur easily occur. Further,
since characters have clear outlines in many cases, blur
due to hold blur is further emphasized in some cases.
That is, determining whether an object which is moved
in an image is a character and performing special
processing when the object is the character are effective
in reducing hold blur. Specifically, when edge detection,
pattern detection, and/or the like are/is performed on an
object which is moved in an image and the object is de-
termined to be a character, motion compensation is per-
formed even on subimages generated by division of one

image so that an intermediate state of motion is dis-
played. Thus, motion can be made smooth. In the case
where the object is determined not to be a character,
when subimages are generated by division of one image
as illustrated in FIG. 16B, the subimages can be dis-
played without a change in the position of the moving
object. The example of FIG. 16C illustrates the case
where a region 5131 determined to be characters is
moved upward, and the position of the region 5131 is
different between the images 5121a and 5121b. In a sim-
ilar manner, the position of the region 5131 is different
between the images 5123a and 5123b, and between the
images 5122a and 5122b. Thus, motion of characters for
which hold blur is particularly easily recognized can be
made smoother than that by normal motion compensa-
tion frame rate doubling, so that blur of moving images
due to afterimages or the like can be further reduced.

(Disclosure 8)

[0263] In this disclosure structures and operation of a
pixel which can be used in a liquid crystal display device
are described. Note that as the operation mode of a liquid
crystal element in this disclosure, a TN (twisted nematic)
mode, an IPS (in-plane-switching) mode, an FFS (fringe
field switching) mode, an MVA (multi-domain vertical
alignment) mode, a PVA (patterned vertical alignment)
mode, an ASM (axially symmetric aligned microcell)
mode, an OCB (optically compensated birefringence)
mode, an FLC (ferroelectric liquid crystal) mode, an
AFLC (anti-ferroelectric liquid crystal) mode, or the like
can be used.
[0264] FIG. 17A illustrates an example of a pixel struc-
ture which can be used in the liquid crystal display device.
A pixel 5080 includes a transistor 5081, a liquid crystal
element 5082, and a capacitor 5083. A gate of the tran-
sistor 5081 is electrically connected to a wiring 5085. A
first terminal of the transistor 5081 is electrically connect-
ed to a wiring 5084. A second terminal of the transistor
5081 is electrically connected to a first terminal of the
liquid crystal element 5082. A second terminal of the liq-
uid crystal element 5082 is electrically connected to a
wiring 5087. A first terminal of the capacitor 5083 is elec-
trically connected to the first terminal of the liquid crystal
element 5082. A second terminal of the capacitor 5083
is electrically connected to a wiring 5086. Note that a first
terminal of a transistor is one of a source and a drain,
and a second terminal of the transistor is the other of the
source and the drain. That is, when the first terminal of
the transistor is the source, the second terminal of the
transistor is the drain. In a similar manner, when the first
terminal of the transistor is the drain, the second terminal
of the transistor is the source.
[0265] The wiring 5084 can serve as a signal line. The
signal line is a wiring for transmitting signal voltage, which
is input from the outside of the pixel, to the pixel 5080.
The wiring 5085 can serve as a scan line. The scan line
is a wiring for controlling on/off of the transistor 5081.
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The wiring 5086 can serve as a capacitor line. The ca-
pacitor line is a wiring for applying predetermined voltage
to the second terminal of the capacitor 5083. The tran-
sistor 5081 can serve as a switch. The capacitor 5083
can serve as a storage capacitor. The storage capacitor
is a capacitor with which the signal voltage is continuously
applied to the liquid crystal element 5082 even when the
switch is off. The wiring 5087 can serve as a counter
electrode. The counter electrode is a wiring for applying
predetermined voltage to the second terminal of the liquid
crystal element 5082. Note that the function of each wir-
ing is not limited to this, and each wiring can have a variety
of functions. For example, by changing voltage applied
to the capacitor line, voltage applied to the liquid crystal
element can be adjusted. Note that it is acceptable as
long as the transistor 5081 serves as a switch, and the
transistor 5081 may be either a p-channel transistor or
an n-channel transistor.
[0266] FIG. 17B illustrates an example of a pixel struc-
ture which can be used in the liquid crystal display device.
The example of the pixel structure illustrated in FIG. 17B
is the same as that in FIG. 17A except that the wiring
5087 is eliminated and the second terminal of the liquid
crystal element 5082 and the second terminal of the ca-
pacitor 5083 are electrically connected to each other. The
example of the pixel structure illustrated in FIG. 17B can
be particularly used in the case of using a horizontal elec-
tric field mode (including an IPS mode and an FFS mode)
liquid crystal element. This is because in the horizontal
electric field mode liquid crystal element, the second ter-
minal of the liquid crystal element 5082 and the second
terminal of the capacitor 5083 can be formed over the
same substrate, so that it is easy to electrically connect
the second terminal of the liquid crystal element 5082
and the second terminal of the capacitor 5083 to each
other. With the pixel structure as illustrated in FIG. 17B,
the wiring 5087 can be eliminated, so that a manufactur-
ing process can be simplified and manufacturing cost
can be reduced.
[0267] A plurality of pixel structures illustrated in FIG.
17A or FIG. 17B can be arranged in matrix. Thus, a dis-
play portion of a liquid crystal display device is formed,
and a variety of images can be displayed. FIG. 17C illus-
trates a circuit structure in the case where a plurality of
pixel structures illustrated in FIG. 17A are arranged in
matrix. FIG. 17C is a circuit diagram illustrating four pixels
among a plurality of pixels included in the display portion.
A pixel arranged in an i-th column and a j-th row(each of
i and j is a natural number) is represented as a pixel
5080_i, j, and a wiring 5084_i, a wiring 5085_j, and a
wiring 5086_j are electrically connected to the pixel
5080_i,j. In a similar manner, a wiring 5084_i+1, the wir-
ing 5085_j, and the wiring 5086_j are electrically con-
nected to a pixel 5080_i+1, j. In a similar manner, the
wiring 5084_i, a wiring 5085_j+1, and a wiring 5086_j+1
are electrically connected to a pixel 5080_i, j+1. In a sim-
ilar manner, the wiring 5084_i+1, the wiring 5085_j+1,
and the wiring 5086_j+1 are electrically connected to a

pixel 5080_i+1, j+1. Note that each wiring can be used
in common with a plurality of pixels in the same row or
the same column. In the pixel structure illustrated in FIG.
17C, the wiring 5087 is a counter electrode, which is used
by all the pixels in common; therefore, the wiring 5087 is
not indicated by the natural number i or j. Note that since
the pixel structure in FIG. 17B can also be used in one
example of this disclosure, the wiring 5087 is not required
even in a structure where the wiring 5087 is provided and
can be eliminated when another wiring serves as the wir-
ing 5087, for example.
[0268] The pixel structure in FIG. 17C can be driven
by a variety of methods. In particular, when the pixels are
driven by a method called AC drive, deterioration (burn-
in) of the liquid crystal element can be suppressed. FIG.
17D is a timing chart of voltage applied to each wiring in
the pixel structure in FIG. 17C in the case where dot
inversion driving, which is a kind of AC drive, is per-
formed. By the dot inversion driving, flickers seen when
the AC drive is performed can be suppressed.
[0269] In the pixel structure in FIG. 17C, a switch in a
pixel electrically connected to the wiring 5085_j is select-
ed (in an on state) in a j-th gate selection period in one
frame period and is not selected (in an off state) in the
other periods. Then, a (j+1)th gate selection period is
provided after the j-th gate selection period. By perform-
ing sequential scanning in this manner, all the pixels are
sequentially selected in one frame period. In the timing
chart of FIG. 17D, the switch in the pixel is selected when
the level of voltage is high, and the switch is not selected
when the level of the voltage is low. Note that this is the
case where the transistor in each pixel is an n-channel
transistor. In the case of using a p-channel transistor, a
relationship between voltage and a selection state is op-
posite to that in the case of using an n-channel transistor.
[0270] In the timing chart illustrated in FIG. 17D, in the
j-th gate selection period in a k-th frame (k is a natural
number), positive signal voltage is applied to the wiring
5084_i used as a signal line, and negative signal voltage
is applied to the wiring 5084_i+1. Then, in the (j+1)th gate
selection period in the k-th frame, negative signal voltage
is applied to the wiring 5084_i, and positive signal voltage
is applied to the wiring 5084 _i+1. After that, signals
whose polarities are inverted every gate selection period
are alternately supplied to the signal line. Accordingly, in
the k-th frame, the positive signal voltage is applied to
the pixels 5080_i,j and 5080_i+1, j+1, and the negative
signal voltage is applied to the pixels 5080_i+1,j and
5080_i,j+1. Then, in a (k+1)th frame, signal voltage
whose polarity is opposite to that of the signal voltage
written in the kth frame is written to each pixel. Accord-
ingly, in the (k+1)th frame, the positive signal voltage is
applied to the pixels 5080_i+1, j and 5080_i, j+1, and the
negative signal voltage is applied to the pixels 5080_i, j
and 5080_i+1, j+1. In this manner, the dot inversion driv-
ing is a driving method by which signal voltage whose
polarity is different between adjacent pixels is applied in
the same frame and the polarity of the voltage signal for
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the pixel is inverted every one frame. By the dot inversion
driving, flickers seen when the entire or part of an image
to be displayed is uniform can be suppressed while de-
terioration of the liquid crystal element is suppressed.
Note that voltage applied to all the wirings 5086 including
the wirings 5086_j and 5086_j+1 can be fixed voltage.
Note that although only the polarity of the signal voltage
for the wirings 5084 is illustrated in the timing chart, the
signal voltage can actually have a variety of levels in the
polarity illustrated. Note that here, the case where the
polarity is inverted per dot (per pixel) is described; how-
ever, this disclosure is not limited to this, and the polarity
can be inverted per a plurality of pixels. For example, the
polarity of signal voltage to be written is inverted per two
gate selection periods, so that power consumed in writing
signal voltage can be reduced. Alternatively, the polarity
can be inverted per column (source line inversion) or per
row (gate line inversion).
[0271] Note that fixed voltage may be applied to the
second terminal of the capacitor 5083 in the pixel 5080
in one frame period. Here, since the level of voltage ap-
plied to the wiring 5085 used as a scan line is low in most
of one frame period, which means that substantially con-
stant voltage is applied to the wiring 5085; therefore, the
second terminal of the capacitor 5083 in the pixel 5080
may be connected to the wiring 5085. FIG. 17E illustrates
an example of a pixel structure which can be used in the
liquid crystal display device. Compared to the pixel struc-
ture in FIG. 17C, a feature of the pixel structure in FIG
17E lies in that the wiring 5086 is eliminated and the
second terminal of the capacitor 5083 in the pixel 5080
and the wiring 5085 in the previous row are electrically
connected to each other. Specifically, in the range illus-
trated in FIG. 17E, the second terminals of the capacitors
5083 in the pixels 5080_i, j+1 and 5080_i+1, j+1 are elec-
trically connected to the wiring 5085_j. By electrically
connecting the second terminal of the capacitor 5083 in
the pixel 5080 and the wiring 5085 in the previous row
to each other in this manner, the wiring 5086 can be elim-
inated, so that the aperture ratio of the pixel can be in-
creased. Note that the second terminal of the capacitor
5083 may be connected to the wiring 5085 in another
row instead of in the previous row. Note that the pixel
structure in FIG. 17E can be driven by a driving method
which is similar to that in the pixel structure in FIG. 17C.
[0272] Note that voltage applied to the wiring 5084
used as a signal line can be lowered by using the capac-
itor 5083 and the wiring electrically connected to the sec-
ond terminal of the capacitor 5083. A pixel structure and
a driving method in this case are described with reference
to FIGS. 17F and 17G. Compared to the pixel structure
in FIG. 17A, a feature of the pixel structure in FIG. 17F
lies in that two wirings 5086 are provided per pixel col-
umn, and in adjacent pixels, one wiring is electrically con-
nected to every other second terminal of the capacitors
5083 and the other wiring is electrically connected to the
remaining every other second terminal of the capacitors
5083. Note that two wirings 5086 are referred to as a

wiring 5086-1 and a wiring 5086-2. Specifically, in the
range illustrated in FIG. 17F, the second terminal of the
capacitor 5083 in the pixel 5080_i, j is electrically con-
nected to a wiring 5086-1_j; the second terminal of the
capacitor 5083 in the pixel 5080_i+1, j is electrically con-
nected to a wiring 5086-2_j; the second terminal of the
capacitor 5083 in the pixel 5080_i,j+1 is electrically con-
nected to a wiring 5086-2_j+1; and the second terminal
of the capacitor 5083 in the pixel 5080_i+1, j+1 is elec-
trically connected to a wiring 5086-1_j+1.
[0273] For example, when positive signal voltage is
written to the pixel 5080_i, j in the k-th frame as illustrated
in FIG. 17G, the wiring 5086-1_j becomes a low level,
and is changed to a high level after the j-th gate selection
period. Then, the wiring 5086-1_j is kept at a high level
in one frame period, and after negative signal voltage is
written in the j-th gate selection period in the (k+1)th
frame, the wiring 5086-1_j is changed to a high level. In
this manner, voltage of the wiring which is electrically
connected to the second terminal of the capacitor 5083
is changed in a positive direction after positive signal volt-
age is written to the pixel, so that voltage applied to the
liquid crystal element can be changed in the positive di-
rection by a predetermined level. That is, signal voltage
written to the pixel can be lowered by the predetermined
level, so that power consumed in signal writing can be
reduced. Note that when negative signal voltage is writ-
ten in the j-th gate selection period, voltage of the wiring
which is electrically connected to the second terminal of
the capacitor 5083 is changed in a negative direction
after negative signal voltage is written to the pixel. Thus,
voltage applied to the liquid crystal element can be
changed in the negative direction by a predetermined
level, and the signal voltage written to the pixel can be
reduced as in the case of the positive polarity. In other
words, as for the wiring which is electrically connected
to the second terminal of the capacitor 5083, different
wirings are preferably used for a pixel to which positive
signal voltage is applied and a pixel to which negative
signal voltage is applied in the same row of the same
frame. FIG. 17F illustrates an example in which the wiring
5086-1 is electrically connected to the pixel to which pos-
itive signal voltage is applied in the k-th frame and the
wiring 5086-2 is electrically connected to the pixel to
which negative signal voltage is applied in the k-th frame.
Note that this is just an example, and for example, in the
case of using a driving method by which pixels to which
positive signal voltage is written and pixels to which neg-
ative signal voltage is written appear every two pixels, it
is preferable to perform electrical connections with the
wirings 5086-1 and 5086-2 alternately every two pixels.
Further, in the case where signal voltage of the same
polarity is written to all the pixels in one row (gate line
inversion), one wiring 5086 may be provided per row. In
other words, in the pixel structure in FIG. 17C, the driving
method by which signal voltage written to a pixel is low-
ered as described with reference to FIGS. 17F and 17G
can be used.
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[0274] Next, a pixel structure and a driving method
which are preferably used particularly in the case where
the mode of a liquid crystal element is a vertical alignment
(VA) mode typified by an MVA mode and a PVA mode.
The VA mode has advantages such as no rubbing step
in manufacture, little light leakage at the time of black
display, and low driving voltage, but has a problem in that
image quality is decreased (the viewing angle is narrow-
er) when a screen is seen from an oblique angle. In order
to widen the viewing angle in the VA mode, a pixel struc-
ture where one pixel includes a plurality of subpixels as
illustrated in FIGS. 18A and 18B is effective. Pixel struc-
tures illustrated in FIGS. 18A and 18B are examples of
the case where the pixel 5080 includes two subpixels (a
subpixel 5080-1 and a subpixel 5080-2). Note that the
number of subpixels in one pixel is not limited to two and
can be other numbers. The viewing angle can be further
widened as the number of subpixels becomes larger. A
plurality of subpixels can have the same circuit structure.
Here, all the subpixels have the circuit structure illustrat-
ed in FIG. 17A. Note that the first subpixel 5080-1 in-
cludes a transistor 5081-1, a liquid crystal element
5082-1, and a capacitor 5083-1. The connection relation
of each element is the same as that in the circuit structure
in FIG. 17A. In a similar manner, the second subpixel
5080-2 includes a transistor 5081-2, a liquid crystal ele-
ment 5082-2, and a capacitor 5083-2. The connection
relation of each element is the same as that in the circuit
structure in FIG. 17A.
[0275] The pixel structure in FIG. 18A includes, for two
subpixels included in one pixel, two wirings 5085 (a wiring
5085-1 and a wiring 5085-2) used as scan lines, one
wiring 5084 used as a signal line, and one wiring 5086
used as a capacitor line. When the signal line and the
capacitor line are shared between two subpixels in this
manner, the aperture ratio can be improved. Further,
since a signal line driver circuit can be simplified, manu-
facturing cost can be reduced. Furthermore, since the
number of connections between a liquid crystal panel
and a driver circuit IC can be reduced, yield can be im-
proved. The pixel structure in FIG 18B includes, for two
subpixels included in one pixel, one wiring 5085 used as
a scan line, two wirings 5084 (a wiring 5084-1 and a wiring
5084-2) used as signal lines, and one wiring 5086 used
as a capacitor line. When the scan line and the capacitor
line are shared between two subpixels in this manner,
the aperture ratio can be improved. Further, since the
total number of scan lines can be reduced, the length of
each gate line selection period can be sufficiently in-
creased even in a high-definition liquid crystal panel, and
appropriate signal voltage can be written to each pixel.
[0276] FIGS. 18C and 18D illustrate an example in
which the liquid crystal element in the pixel structure in
FIG. 18B is replaced with the shape of a pixel electrode
and the electrical connection of each element is sche-
matically illustrated. In FIGS. 18C and 18D, an electrode
5088-1 corresponds to a first pixel electrode, and an elec-
trode 5088-2 corresponds to a second pixel electrode.

In FIG. 18C, the first pixel electrode 5088-1 corresponds
to a first terminal of the liquid crystal element 5082-1 in
FIG. 18B, and the second pixel electrode 5088-2 corre-
sponds to a first terminal of the liquid crystal element
5082-2 in FIG. 18B. That is, the first pixel electrode
5088-1 is electrically connected to one of a source and
a drain of the transistor 5081-1, and the second pixel
electrode 5088-2 is electrically connected to one of a
source and a drain of the transistor 5081-2. Meanwhile,
in FIG. 18D, the connection relation between the pixel
electrode and the transistor is opposite to that in FIG.
18C. That is, the first pixel electrode 5088-1 is electrically
connected to one of the source and the drain of the tran-
sistor 5081-2, and the second pixel electrode 5088-2 is
electrically connected to one of the source and the drain
of the transistor 5081-1.
[0277] By alternately arranging a plurality of pixel struc-
tures as illustrated in FIG. 18C and FIG. 18D in matrix,
special advantageous effects can be obtained. FIGS.
18E and 18F illustrate examples of the pixel structure
and a driving method thereof. In the pixel structure in
FIG. 18E, a portion corresponding to the pixels 5080_i,j
and 5080_i+1, j+1 has the structure illustrated in FIG.
18C, and a portion corresponding to the pixels 5080_i+1,
j and 5080_i, j+1 has the structure illustrated in FIG. 18D.
In this structure, by performing driving as the timing chart
illustrated in FIG. 18F, in the j-th gate selection period in
the k-th frame, positive signal voltage is written to the
first pixel electrode in the pixel 5080_i, j and the second
pixel electrode in the pixel 5080_i+1, j, and negative sig-
nal voltage is written to the second pixel electrode in the
pixel 5080_i, j and the first pixel electrode in the pixel
5080_i+1, j. In the (j+1)th gate selection period in the k-th
frame, positive signal voltage is written to the second
pixel electrode in the pixel 5080_i, j+1 and the first pixel
electrode in the pixel 5080_i+1, j+1, and negative signal
voltage is written to the first pixel electrode in the pixel
5080_i,j+1 and the second pixel electrode in the pixel
5080_i+1, j+1. In the (k+1)th frame, the polarity of signal
voltage is inverted in each pixel. Thus, the polarity of
voltage applied to the signal line can be the same in one
frame period while driving corresponding to dot inversion
driving is realized in the pixel structure including subpix-
els. Therefore, power consumed in writing signal voltage
to the pixels can be drastically reduced. Note that voltage
applied to all the wirings 5086 including the wirings
5086_j and 5086_j+1 can be fixed voltage.
[0278] Further, by a pixel structure and a driving meth-
od illustrated in FIGS. 18G and 18H, the level of signal
voltage written to a pixel can be lowered. In the structure,
capacitors lines which are electrically connected to a plu-
rality of subpixels included in each pixel are different be-
tween the subpixels. That is, by using the pixel structure
and the driving method illustrated in FIGS. 18G and 18H,
subpixels to which voltages having the same polarities
are written in the same frame share a capacitor line in
the same row, and subpixels to which voltages having
different polarities are written in the same frame use dif-
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ferent capacitor lines in the same row. Then, when writing
in each row is terminated, voltage of the capacitor lines
is changed to the positive direction in the subpixels to
which positive signal voltage is written, and changed to
the negative direction in the subpixels to which negative
signal voltage is written. Thus, the level of the signal volt-
age written to the pixel can be lowered. Specifically, two
wirings 5086 (the wirings 5086-1 and 5086-2) used as
capacitor lines are provided in each row. The first pixel
electrode in the pixel 5080_i, j and the wiring 5086-1_j
are electrically connected to each other through the ca-
pacitor. The second pixel electrode in the pixel 5080_i, j
and the wiring 5086-2_j are electrically connected to each
other through the capacitor. The first pixel electrode in
the pixel 5080_i+1, j and the wiring 5086-2_j are electri-
cally connected to each other through the capacitor. The
second pixel electrode in the pixel 5080_i+1, j and the
wiring 5086-1_j are electrically connected to each other
through the capacitor. The first pixel electrode in the pixel
5080_i, j+1 and the wiring 5086-2_j+1 are electrically
connected to each other through the capacitor. The sec-
ond pixel electrode in the pixel 5080_i, j+1 and the wiring
5086-1_j+1 are electrically connected to each other
through the capacitor. The first pixel electrode in the pixel
5080_i+1, j+1 and the wiring 5086-1_j+1 are electrically
connected to each other through the capacitor. The sec-
ond pixel electrode in the pixel 5080_i+1, j+1 and the
wiring 5086-2_j+1 are electrically connected to each oth-
er through the capacitor. Note that this is just an example,
and for example, in the case of using a driving method
by which pixels to which positive signal voltage is written
and pixels to which negative signal voltage is written ap-
pear every two pixels, it is preferable to perform electrical
connections with the wirings 5086-1 and 5086-2 alter-
nately every two pixels. Further, in the case where signal
voltage of the same polarity is written in all the pixels in
one row (gate line inversion), one wiring 5086 may be
provided per row. In other words, in the pixel structure in
FIG. 18E, the driving method by which signal voltage
written to a pixel is lowered as described with reference
to FIGS. 18G and 18H can be used.

(Disclosure 9)

[0279] In this disclosure, examples of display devices
are described.
[0280] First, an example of a system block of a liquid
crystal display device is described with reference to FIG.
19A. The liquid crystal display device includes a circuit
5361, a circuit 5362, a circuit 5363_1, a circuit 5363_2,
a pixel portion 5364, a circuit 5365, and a lighting device
5366. A plurality of wirings 5371 which are extended from
the circuit 5362 and a plurality of wirings 5372 which are
extended from the circuit 5363_1 and the circuit 5363_2
are provided in the pixel portion 5364. In addition, pixels
5367 which include display elements such as liquid crys-
tal elements are provided in matrix in respective regions
where the plurality of wirings 5371 and the plurality of

wirings 5372 intersect with each other.
[0281] The circuit 5361 has a function of outputting a
signal, voltage, current, or the like to the circuit 5362, the
circuit 5363_1, the circuit 5363_2, and the circuit 5365
in response to a video signal 5360 and can serve as a
controller, a control circuit, a timing generator, a power
supply circuit, a regulator, or the like. In this disclosure,
for example, the circuit 5361 supplies a signal line driver
circuit start signal (SSP), a signal line driver circuit clock
signal (SCK), a signal line driver circuit inverted clock
signal (SCKB), video signal data (DATA), or a latch signal
(LAT) to the circuit 5362. Alternatively, for example, the
circuit 5361 supplies a scan line driver circuit start signal
(GSP), a scan line driver circuit clock signal (GCK), or a
scan line driver circuit inverted clock signal (GCKB) to
the circuit 5363_1 and the circuit 5363 2. Alternatively,
the circuit 5361 outputs a backlight control signal (BLC)
to the circuit 5365. Note that this disclosure is not limited
to this. The circuit 5361 can supply a variety of signals,
voltages, currents, or the like to the circuit 5362, the circuit
5363_1, the circuit 5363_2, and the circuit 5365.
[0282] Note that in the circuit 5361, super-resolution
processing, edge enhancement processing, frame inter-
polation processing, overdrive processing, local dimming
processing, IP conversion processing, and/or enlarge-
ment processing can be performed, for example.
[0283] Note that in the circuit 5365, local dimming
processing or the like can be performed. Alternatively, in
the circuit 5365, processing for determining the lumi-
nance of a backlight in each region in local dimming
processing can be performed.
[0284] Note that in the circuit 5361 or the circuit 5365,
a variety of processings can be performed. Therefore,
the circuit 5361 or the circuit 5365 can include more cir-
cuits. That is, the circuit 5361 or the circuit 5365 can be
formed using a plurality of circuits. In that case, the plu-
rality of circuits included in the circuit 5361 or the circuit
5365 can be formed over one IC chip. Note that one ex-
ample of this disclosure is not limited to this. The plurality
of circuits included in the circuit 5361 or the circuit 5365
can be formed over a plurality of different IC chips. In that
case, the circuit 5361 or the circuit 5365 can be formed
using a plurality of IC chips.
[0285] In that case, the circuit 5362 has a function of
outputting video signals to the plurality of wirings 5371
in response to a signal supplied from the circuit 5361
(e.g., SSP, SCK, SCKB, DATA, or LAT) and can serve
as a signal line driver circuit. The circuit 5363_1 and the
circuit 5363_2 each have a function of outputting scan
signals to the plurality of wirings 5372 in response to a
signal supplied from the circuit 5361 (e.g., GSP, GCK,
or GCKB) and can serve as a scan line driver circuit. The
circuit 5365 has a function of controlling the luminance
(or average luminance) of the lighting device 5366 by
controlling the amount of electric power supplied to the
lighting device 5366, time to supply the electric power to
the lighting device 5366, or the like in response to the
backlight control signal (BLC) and can serve as a power
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supply circuit.
[0286] Note that in the case where video signals are
input to the plurality of wirings 5371, the plurality of wir-
ings 5371 can serve as signal lines, video signal lines,
source lines, or the like. In the case where scan signals
are input to the plurality of wirings 5372, the plurality of
wirings 5372 can serve as signal lines, scan lines, gate
lines, or the like. Note that one example of this disclosure
is not limited to this.
[0287] Note that in the case where the same signal is
input to the circuit 5363_1 and the circuit 5363 2 from the
circuit 5361, scan signals output from the circuit 5363_1
to the plurality of wirings 5372 and scan signals output
from the circuit 5363_2 to the plurality of wirings 5372
have approximately the same timings in many cases.
Therefore, load caused by driving of the circuit 5363_1
and the circuit 5363_2 can be reduced. Accordingly, the
display device can be made larger. Alternatively, the dis-
play device can have higher definition. Alternatively,
since the channel width of transistors included in the cir-
cuit 5363_1 and the circuit 5363_2 can be decreased, a
display device with a narrower frame can be obtained.
Note that this embodiment is not limited to this. The circuit
5361 can supply different signals to the circuit 5363_1
and the circuit 5363_2.
[0288] Note that one of the circuit 5363_1 and the cir-
cuit 5363_2 can be eliminated.
[0289] Note that a wiring such as a capacitor line, a
power supply line, or a scan line can be additionally pro-
vided in the pixel portion 5364. Then, the circuit 5361 can
output a signal, voltage, or the like to such a wiring. Al-
ternatively, a circuit which is similar to the circuit 5363_1
or the circuit 5363_2 can be additionally provided. The
additionally provided circuit can output a signal such as
a scan signal to the additionally provided wiring.
[0290] Note that the pixel 5367 can include a light-emit-
ting element such as an EL element as a display element.
In this case, as illustrated in FIG. 19B, since the display
element can emit light, the circuit 5365 and the lighting
device 5366 can be eliminated. In addition, in order to
supply electric power to the display element, a plurality
of wirings 5373 which can serve as power supply lines
can be provided in the pixel portion 5364. The circuit 5361
can supply power supply voltage called voltage (ANO)
to the wirings 5373. The wirings 5373 can be separately
connected to the pixels in accordance with color ele-
ments or connected to all the pixels.
[0291] Note that FIG. 19B illustrates an example in
which the circuit 5361 supplies different signals to the
circuit 5363_1 and the circuit 5363_2. The circuit 5361
supplies a signal such as a scan line driver circuit start
signal (GSP1), a scan line driver circuit clock signal
(GCK1), or a scan line driver circuit inverted clock signal
(GCKB1) to the circuit 5363_1. In addition, the circuit
5361 supplies a signal such as a scan line driver circuit
start signal (GSP2), a scan line driver circuit clock signal
(GCK2), or a scan line driver circuit inverted clock signal
(GCKB2) to the circuit 5363_2.In this case, the circuit

5363_1 can scan only wirings in odd-numbered rows of
the plurality of wirings 5372 and the circuit 5363_2 can
scan only wirings in even-numbered rows of the plurality
of wirings 5372. Thus, the driving frequency of the circuit
5363_1 and the circuit 5363_2 can be lowered, so that
power consumption can be reduced. Alternatively, an ar-
ea in which a flip-flop of one stage can be laid out can
be made larger. Therefore, a display device can have
higher definition. Alternatively, a display device can be
made larger. Note that this disclosure is not limited to
this. As in FIG. 19A, the circuit 5361 can supply the same
signal to the circuit 5363_1 and the circuit 5363_2.
[0292] Note that as in FIG. 19B, the circuit 5361 can
supply different signals to the circuit 5363_1 and the cir-
cuit 5363_2 in FIG. 19A.
[0293] Thus far, the example of a system block of a
display device is described.
[0294] Next, examples of structures of the display de-
vices are described with reference to FIGS. 20A to 20E.
[0295] In FIG. 20A, circuits which have a function of
outputting signals to the pixel portion 5364 (e.g., the cir-
cuit 5362, the circuit 5363_1, and the circuit 5363_2) are
formed over the same substrate 5380 as the pixel portion
5364. In addition, the circuit 5361 is formed over a differ-
ent substrate from the pixel portion 5364. In this manner,
since the number of external components is reduced,
reduction in cost can be achieved. Alternatively, since
the number of signals or voltages input to the substrate
5380 is reduced, the number of connections between the
substrate 5380 and the external component can be re-
duced. Therefore, improvement in reliability or the in-
crease in yield can be achieved.
[0296] Note that in the case where the circuit is formed
over a different substrate from the pixel portion 5364, the
substrate can be mounted on an FPC (flexible printed
circuit) by TAB (tape automated bonding). Alternatively,
the substrate can be mounted on the same substrate
5380 as the pixel portion 5364 by COG (chip on glass).
[0297] Note that in the case where the circuit is formed
over a different substrate from the pixel portion 5364, a
transistor formed using a single crystal semiconductor
can be formed on the substrate. Therefore, the circuit
formed over the substrate can have advantages such as
improvement in driving frequency, improvement in driv-
ing voltage, and suppression of variations in output sig-
nals.
[0298] Note that a signal, voltage, current, or the like
is input from an external circuit through an input terminal
5381 in many cases.
[0299] In FIG. 20B, circuits with low driving frequency
(e.g., the circuit 5363_1 and the circuit 5363_2) are
formed over the same substrate 5380 as the pixel portion
5364. In addition, the circuit 5361 and the circuit 5362
are formed over a different substrate from the pixel por-
tion 5364. In this manner, since the circuit formed over
the substrate 5380 can be formed using a transistor with
low mobility, a non-single-crystal semiconductor, a mi-
crocrystalline semiconductor, an organic semiconductor,
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an oxide semiconductor, or the like can be used for a
semiconductor layer of the transistor. Accordingly, the
increase in the size of the display device, reduction in
the number of steps, reduction in cost, improvement in
yield, or the like can be achieved.
[0300] Note that as illustrated in FIG. 20C, part of the
circuit 5362 (a circuit 5362a) can be formed over the
same substrate 5380 as the pixel portion 5364 and the
other part of the circuit 5362 (a circuit 5362b) can be
formed over a different substrate from the pixel portion
5364. The circuit 5362a includes a circuit which can be
formed using a transistor with low mobility (e.g., a shift
register, a selector, or a switch) in many cases. In addi-
tion, the circuit 5362b includes a circuit which is prefer-
ably formed using a transistor with high mobility and few
variations in characteristics (e.g., a shift register, a latch
circuit, a buffer circuit, a DA converter circuit, or an AD
converter circuit) in many cases. In this manner, as in
FIG. 20B, a non-single-crystal semiconductor, a microc-
rystalline semiconductor, an organic semiconductor, an
oxide semiconductor, or the like can be used for a sem-
iconductor layer of the transistor. Further, reduction in
external components can be achieved.
[0301] In FIG. 20D, circuits which have a function of
outputting signals to the pixel portion 5364 (e.g., the cir-
cuit 5362, the circuit 5363_1, and the circuit 5363_2) and
a circuit which has a function of controlling these circuits
(e.g., the circuit 5361) are formed over a different sub-
strate from the pixel portion 5364. In this manner, since
the pixel portion and peripheral circuits thereof can be
formed over different substrates, improvement in yield
can be achieved.
[0302] Note that as in FIG. 20D, the circuit 5363_1 and
the circuit 5363_2 can be formed over a different sub-
strate from the pixel portion 5364 in FIGS. 20A to 20C.
[0303] In FIG 20E, part of the circuit 5361 (a circuit
5361a) is formed over the same substrate 5380 as the
pixel portion 5364 and the other part of the circuit 5361
(a circuit 5361b) is formed over a different substrate from
the pixel portion 5364. The circuit 5361a includes a circuit
which can be formed using a transistor with low mobility
(e.g., a switch, a selector, or a level shift circuit) in many
cases. In addition, the circuit 5361b includes a circuit
which is preferably formed using a transistor with high
mobility and few variations (e.g., a shift register, a timing
generator, an oscillator, a regulator, or an analog buffer)
in many cases.
[0304] Note that also in FIGS. 20A to 20D, the circuit
5361a can be formed over the same substrate as the
pixel portion 5364 and the circuit 5361b can be formed
over a different substrate from the pixel portion 5364.

(Disclosure 10)

[0305] In this embodiment, examples of structures of
transistors are described with reference to FIGS. 21A to
21C.
[0306] FIG. 21A illustrates an example of a structure

of a top-gate transistor. FIG. 21B illustrates an example
of a structure of a bottom-gate transistor. FIG. 21C illus-
trates an example of a structure of a transistor formed
using a semiconductor substrate.
[0307] FIG. 21A illustrates a substrate 5260; an insu-
lating layer 5261 formed over the substrate 5260; a sem-
iconductor layer 5262 which is formed over the insulating
layer 5261 and is provided with a region 5262a, a region
5262b, a region 5262c, a region 5262d, and a region
5262e; an insulating layer 5263 formed so as to cover
the semiconductor layer 5262; a conductive layer 5264
formed over the semiconductor layer 5262 and the insu-
lating layer 5263; an insulating layer 5265 which is formed
over the insulating layer 5263 and the conductive layer
5264 and is provided with openings; a conductive layer
5266 which is formed over the insulating layer 5265 and
in the openings formed in the insulating layer 5265; an
insulating layer 5267 which is formed over the conductive
layer 5266 and the insulating layer 5265 and is provided
with an opening; a conductive layer 5268 which is formed
over the insulating layer 5267 and in the opening formed
in the insulating layer 5267; an insulating layer 5269
which is formed over the insulating layer 5267 and the
conductive layer 5268 and is provided with the opening;
a light-emitting layer 5270 which is formed over the in-
sulating layer 5269 and in the opening formed in the in-
sulating layer 5269; and a conductive layer 5271 formed
over the insulating layer 5269 and the light-emitting layer
5270.
[0308] FIG. 21B illustrates a substrate 5300; a conduc-
tive layer 5301 formed over the substrate 5300; an insu-
lating layer 5302 formed so as to cover the conductive
layer 5301; a semiconductor layer 5303a formed over
the conductive layer 5301 and the insulating layer 5302;
a semiconductor layer 5303b formed over the semicon-
ductor layer 5303a; a conductive layer 5304 formed over
the semiconductor layer 5303b and the insulating layer
5302; an insulating layer 5305 which is formed over the
insulating layer 5302 and the conductive layer 5304 and
is provided with an opening; a conductive layer 5306
which is formed over the insulating layer 5305 and in the
opening formed in the insulating layer 5305; a liquid crys-
tal layer 5307 formed over the insulating layer 5305 and
the conductive layer 5306; and a conductive layer 5308
formed over the liquid crystal layer 5307.
[0309] FIG 21C illustrates a semiconductor substrate
5352 including a region 5353 and a region 5355; an in-
sulating layer 5356 formed over the semiconductor sub-
strate 5352; an insulating layer 5354 formed over the
semiconductor substrate 5352; a conductive layer 5357
formed over the insulating layer 5356; an insulating layer
5358 which is formed over the insulating layer 5354, the
insulating layer 5356, and the conductive layer 5357 and
is provided with openings; and a conductive layer 5359
which is formed over the insulating layer 5358 and in the
openings formed in the insulating layer 5358. Thus, a
transistor is formed in each of a region 5350 and a region
5351.
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[0310] The insulating layer 5261 can serve as a base
film. The insulating layer 5354 serves as an element iso-
lation layer (e.g., a field oxide film). Each of the insulating
layer 5263, the insulating layer 5302, and the insulating
layer 5356 can serve as a gate insulating film. Each of
the conductive layer 5264, the conductive layer 5301,
and the conductive layer 5357 can serve as a gate elec-
trode. Each of the insulating layer 5265, the insulating
layer 5267, the insulating layer 5305, and the insulating
layer 5358 can serve as an interlayer film or a planariza-
tion film. Each of the conductive layer 5266, the conduc-
tive layer 5304, and the conductive layer 5359 can serve
as a wiring, an electrode of a transistor, an electrode of
a capacitor, or the like. Each of the conductive layer 5268
and the conductive layer 5306 can serve as a pixel elec-
trode, a reflective electrode, or the like. The insulating
layer 5269 can serve as a partition wall. Each of the con-
ductive layer 5271 and the conductive layer 5308 can
serve as a counter electrode, a common electrode, or
the like.
[0311] As each of the substrate 5260 and the substrate
5300, a glass substrate, a quartz substrate, a silicon sub-
strate, a metal substrate, a stainless steel substrate, a
flexible substrate, or the like can be used, for example.
As a glass substrate, a barium borosilicate glass sub-
strate, an aluminoborosilicate glass substrate, or the like
can be used, for example. For a flexible substrate, a flex-
ible synthetic resin such as plastics typified by polyeth-
ylene terephthalate (PET), polyethylene naphthalate
(PEN), and polyether sulfone (PES), or acrylic can be
used, for example. Alternatively, an attachment film
(formed using polypropylene, polyester, vinyl, polyvinyl
fluoride, polyvinyl chloride, or the like), paper of a fibrous
material, a base material film (formed using polyester,
polyamide, an inorganic vapor deposition film, paper, or
the like), or the like can be used.
[0312] As the semiconductor substrate 5352, for ex-
ample, a single crystal silicon substrate having n-type or
p-type conductivity can be used. Note that this disclosure
is not limited to this, and a substrate which is similar to
the substrate 5260 can be used. For example, the region
5353 is a region where an impurity is added to the sem-
iconductor substrate 5352 and serves as a well. For ex-
ample, in the case where the semiconductor substrate
5352 has p-type conductivity, the region 5353 has n-type
conductivity and serves as an n-well. On the other hand,
in the case where the semiconductor substrate 5352 has
n-type conductivity, the region 5353 has p-type conduc-
tivity and serves as a p-well. For example, the region
5355 is a region where an impurity is added to the sem-
iconductor substrate 5352 and serves as a source region
or a drain region. Note that an LDD region can be formed
in the semiconductor substrate 5352.
[0313] For the insulating layer 5261, a single-layer
structure or a layered structure of an insulating film con-
taining oxygen or nitrogen, such as silicon oxide (SiOx),
silicon nitride (SiNx), silicon oxynitride (SiOxNy) (x > y),
or silicon nitride oxide (SiNxOy) (x > y) can be used, for

example. In an example in the case where the insulating
film 5261 has a two-layer structure, a silicon nitride film
and a silicon oxide film can be formed as a first insulating
film and a second insulating film, respectively. In an ex-
ample in the case where the insulating film 5261 has a
three-layer structure, a silicon oxide film, a silicon nitride
film, and a silicon oxide film can be formed as a first in-
sulating film, a second insulating film, and a third insu-
lating film, respectively.
[0314] For each of the semiconductor layer 5262, the
semiconductor layer 5303a, and the semiconductor layer
5303b, for example, a non-single-crystal semiconductor
(e.g., amorphous silicon, polycrystalline silicon, or micro-
crystalline silicon), a single crystal semiconductor, a com-
pound semiconductor or an oxide semiconductor (e.g.,
ZnO, InGaZnO, SiGe, GaAs, IZO, ITO, or SnO), an or-
ganic semiconductor, a carbon nanotube, or the like can
be used.
[0315] Note that for example, the region 5262a is an
intrinsic region where an impurity is not added to the sem-
iconductor layer 5262 and serves as a channel region.
However, a slight amount of impurities can be added to
the region 5262a. The concentration of the impurity add-
ed to the region 5262a is preferably lower than the con-
centration of an impurity added to the region 5262b, the
region 5262c, the region 5262d, or the region 5262e.
Each of the region 5262b and the region 5262d is a region
to which an impurity is added at low concentration and
serves as an LDD (lightly doped drain) region. Note that
the region 5262b and the region 5262d can be eliminated.
Each of the region 5262c and the region 5262e is a region
to which an impurity is added at high concentration and
serves as a source region or a drain region.
[0316] Note that the semiconductor layer 5303b is a
semiconductor layer to which phosphorus or the like is
added as an impurity element and has n-type conductiv-
ity.
[0317] Note that in the case where an oxide semicon-
ductor or a compound semiconductor is used for the sem-
iconductor layer 5303a, the semiconductor layer 5303b
can be eliminated.
[0318] For each of the insulating layer 5263, the insu-
lating layer 5302, and the insulating layer 5356, a single-
layer structure or a layered structure of an insulating film
containing oxygen or nitrogen, such as silicon oxide (Si-
Ox), silicon nitride (SiNx), silicon oxynitride (SiOxNy) (x >
y), or silicon nitride oxide (SiNxOy) (x > y) can be used,
for example.
[0319] As each of the conductive layer 5264, the con-
ductive layer 5266, the conductive layer 5268, the con-
ductive layer 5271, the conductive layer 5301, the con-
ductive layer 5304, the conductive layer 5306, the con-
ductive layer 5308, the conductive layer 5357, and the
conductive layer 5359, for example, a conductive film
having a single-layer structure or a layered structure, or
the like can be used. For example, for the conductive
film, a single-layer film containing one element selected
from the group consisting of aluminum (Al), tantalum
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(Ta), titanium (Ti), molybdenum (Mo), tungsten (W), neo-
dymium (Nd), chromium (Cr), nickel (Ni), platinum (Pt),
gold (Au), silver (Ag), copper (Cu), manganese (Mn), co-
balt (Co), niobium (Nb), silicon (Si), iron (Fe), palladium
(Pd), carbon (C), scandium (Sc), zinc (Zn), phosphorus
(P), boron (B), arsenic (As), gallium (Ga), indium (In), tin
(Sn), and oxygen (O); a compound containing one or
more elements selected from the above group; or the like
can be used. For example, the compound is an alloy con-
taining one or more elements selected from the above
group (e.g., an alloy material such as indium tin oxide
(ITO), indium zinc oxide (IZO), indium tin oxide containing
silicon oxide (ITSO), zinc oxide (ZnO), tin oxide (SnO),
cadmium tin oxide (CTO), aluminum-neodymium (Al-
Nd), magnesium-silver (Mg-Ag), molybdenum-niobium
(Mo-Nb), molybdenum-tungsten (Mo-W), or molybde-
num-tantalum (Mo-Ta)); a compound containing nitrogen
and one or more elements selected from the above group
(e.g., a nitride film containing titanium nitride, tantalum
nitride, molybdenum nitride, or the like); or a compound
containing silicon and one or more elements selected
from the above group (e.g., a silicide film containing tung-
sten silicide, titanium silicide, nickel silicide, aluminum
silicon, or molybdenum silicon); or the like. Alternatively,
a nanotube material such as a carbon nanotube, an or-
ganic nanotube, an inorganic nanotube, or a metal nan-
otube can be used.
[0320] Note that silicon (Si) can contain an n-type im-
purity (e.g., phosphorus) or a p-type impurity (e.g., bo-
ron).
[0321] Note that in the case where copper is used for
the conductive layer, a layered structure is preferably
used in order to improve adhesion.
[0322] Note that for a conductive layer which is in con-
tact with an oxide semiconductor or silicon, molybdenum
or titanium is preferably used.
[0323] Note that by using an alloy material containing
neodymium and aluminum for the conductive layer, alu-
minum does not easily cause hillocks.
[0324] Note that in the case where a semiconductor
material such as silicon is used for the conductive layer,
the semiconductor material such as silicon can be formed
at the same time as a semiconductor layer of a transistor.
[0325] Note that since ITO, IZO, ITSO, ZnO, Si, SnO,
CTO, a carbon nanotube, or the like has light-transmitting
properties, such a material can be used for a portion
through which light passes, such as a pixel electrode, a
counter electrode, or a common electrode.
[0326] Note that by using a layered structure contain-
ing a low-resistance material (e.g., aluminum), wiring re-
sistance can be lowered.
[0327] Note that by using a layered structure where a
low heat-resistance material (e.g., aluminum) is inter-
posed between high heat-resistance materials (e.g., mo-
lybdenum, titanium, or neodymium), advantages of the
low heat-resistance material can be effectively utilized
and heat resistance of a wiring, an electrode, or the like
can be increased.

[0328] Note that a material whose properties are
changed by reaction with a different material can be in-
terposed between or covered with materials which do not
easily react with the different material. For example, in
the case where ITO and aluminum are connected to each
other, titanium, molybdenum, or an alloy of neodymium
can be interposed between ITO and aluminum. For ex-
ample, in the case where silicon and aluminum are con-
nected to each other, titanium, molybdenum, or an alloy
of neodymium can be interposed between silicon and
aluminum. Note that such a material can be used for a
wiring, an electrode, a conductive layer, a conductive
film, a terminal, a via, a plug, or the like.
[0329] For each of the insulating layer 5265, the insu-
lating layer 5267, the insulating layer 5269, the insulating
layer 5305, and the insulating layer 5358, an insulating
film having a single-layer structure or a layered structure,
or the like can be used, for example. For example, as the
insulating film, an insulating film containing oxygen or
nitrogen, such as silicon oxide (SiOx), silicon nitride
(SiNx), silicon oxynitride (SiOxNy) (x > y), or silicon nitride
oxide (SiNxOy) (x > y); a film containing carbon such as
diamond-like carbon (DLC); an organic material such as
a siloxane resin, epoxy, polyimide, polyamide, polyvinyl
phenol, benzocyclobutene, or acrylic; or the like can be
used.
[0330] For the light-emitting layer 5270, an organic EL
element, an inorganic EL element, or the like can be used,
for example. For the organic EL element, for example, a
single-layer structure or a layered structure of a hole in-
jection layer formed using a hole injection material, a hole
transport layer formed using a hole transport material, a
light-emitting layer formed using a light-emitting material,
an electron transport layer formed using an electron
transport material, an electron injection layer formed us-
ing an electron injection material, or a layer in which a
plurality of these materials are mixed can be used.
[0331] For example, the following can be used for the
liquid crystal layer 5307: a nematic liquid crystal, a chol-
esteric liquid crystal, a smectic liquid crystal, a discotic
liquid crystal, a thermotropic liquid crystal, a lyotropic liq-
uid crystal, a low-molecular liquid crystal, a high-molec-
ular liquid crystal, a polymer dispersed liquid crystal
(PDLC), a ferroelectric liquid crystal, an anti-ferroelectric
liquid crystal, a main-chain liquid crystal, a side-chain
high-molecular liquid crystal, a plasma addressed liquid
crystal (PALC), a banana-shaped liquid crystal, and the
like. In addition, the following can be used as a diving
method of a liquid crystal: a TN (twisted nematic) mode,
an STN (super twisted nematic) mode, an IPS (in-plane-
switching) mode, an FFS (fringe field switching) mode,
an MVA (multi-domain vertical alignment) mode, a PVA
(patterned vertical alignment) mode, an ASV (advanced
super view) mode, an ASM (axially symmetric aligned
microcell) mode, an OCB (optically compensated bire-
fringence) mode, an ECB (electrically controlled birefrin-
gence) mode, an FLC (ferroelectric liquid crystal) mode,
an AFLC (anti-ferroelectric liquid crystal) mode, a PDLC
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(polymer dispersed liquid crystal) mode, a guest-host
mode, a blue phase mode, and the like.
[0332] Note that an insulating layer which serves as
an alignment film, an insulating layer which serves as a
protrusion portion, or the like can be formed over the
insulating layer 5305 and the conductive layer 5306.
[0333] Note that an insulating layer or the like which
serves as a color filter, a black matrix, or a protrusion
portion can be formed over the conductive layer 5308.
An insulating layer which serves as an alignment film can
be formed below the conductive layer 5308.
[0334] Note that the insulating layer 5269, the light-
emitting layer 5270, and the conductive layer 5271 can
be eliminated in the cross-sectional structure in FIG 21A,
and the liquid crystal layer 5307 and the conductive layer
5308 which are illustrated in FIG 21B can be formed over
the insulating layer 5267 and the conductive layer 5268.
[0335] Note that the liquid crystal layer 5307 and the
conductive layer 5308 can be eliminated in the cross-
sectional structure in FIG 21B, and the insulating layer
5269, the light-emitting layer 5270, and the conductive
layer 5271 which are illustrated in FIG. 21A can be formed
over the insulating layer 5305 and the conductive layer
5306.
[0336] Note that in the cross-sectional structure in FIG.
21C, the insulating layer 5269, the light-emitting layer
5270, and the conductive layer 5271 which are illustrated
in FIG 21A can be formed over the insulating layer 5358
and the conductive layer 5359. Alternatively, the liquid
crystal layer 5307 and the conductive layer 5308 which
are illustrated in FIG. 21B can be formed over the insu-
lating layer 5267 and the conductive layer 5268.

(Disclosure 11)

[0337] In this embodiment, examples of electronic de-
vices are described.
[0338] FIGS. 22A to 22H and FIGS. 23A to 23D illus-
trate electronic devices. These electronic devices can
include a 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 ter-
minal 5006, a sensor 5007 (a sensor having a function
of measuring force, displacement, position, speed, ac-
celeration, angular velocity, rotational frequency, dis-
tance, light, liquid, magnetism, temperature, chemical
substance, sound, time, hardness, electric field, current,
voltage, electric power, radiation, flow rate, humidity, gra-
dient, oscillation, odor, or infrared ray), a microphone
5008, and the like.
[0339] FIG. 22A illustrates a mobile computer, which
can include a switch 5009, an infrared port 5010, and the
like in addition to the above objects. FIG. 22B illustrates
a portable image regenerating device provided with a
memory medium (e.g., a DVD regenerating device),
which can include a second display portion 5002, a mem-
ory medium reading portion 5011, and the like in addition
to the above objects. FIG. 22C illustrates a goggle-type

display, which can include the second display portion
5002, a support portion 5012, an earphone 5013, and
the like in addition to the above objects. FIG 22D illus-
trates a portable game machine, which can include the
memory medium reading portion 5011 and the like in
addition to the above objects. FIG 22E illustrates a pro-
jector, which can include a light source 5033, a projector
lens 5034, and the like in addition to the above objects.
FIG. 22F illustrates a portable game machine, which can
include the second display portion 5002, the memory me-
dium reading portion 5011, and the like in addition to the
above objects. FIG 22G illustrates a television receiver,
which can include a tuner, an image processing portion,
and the like in addition to the above objects. FIG. 22H
illustrates a portable television receiver, which can in-
clude a charger 5017 capable of transmitting and receiv-
ing signals and the like in addition to the above objects.
FIG. 23A illustrates a display, which can include a support
base 5018 and the like in addition to the above objects.
FIG. 23B illustrates a camera, which can include an ex-
ternal connecting port 5019, a shutter button 5015, an
image receiving portion 5016, and the like in addition to
the above objects. FIG. 23C illustrates a computer, which
can include a pointing device 5020, the external connect-
ing port 5019, a reader/writer 5021, and the like in addi-
tion to the above objects. FIG. 23D illustrates a mobile
phone, which can include an antenna 5014, a tuner of
one-segment (1seg digital TV broadcasts) partial recep-
tion service for mobile phones and mobile terminals, and
the like in addition to the above objects.
[0340] The electronic devices illustrated in FIGS. 22A
to 22H and FIGS. 23A to 23D can have a variety of func-
tions, for example, a function of displaying a lot of infor-
mation (e.g., a still image, a moving image, and a text
image) on a display portion; a touch panel function; a
function of displaying a calendar, date, time, and the like;
a function of controlling processing with a lot of software
(programs); a wireless communication function; a func-
tion of being connected to a variety of computer networks
with a wireless communication function; a function of
transmitting and receiving a lot of data with a wireless
communication function; and a function of reading a pro-
gram or data stored in a memory medium and displaying
the program or data on a display portion. Further, the
electronic device including a plurality of display portions
can have a function of displaying image information main-
ly on one display portion while displaying text information
on another display portion, a function of displaying a
three-dimensional image by displaying images where
parallax is considered on a plurality of display portions,
or the like. Furthermore, the electronic device including
an image receiving portion can have a function of pho-
tographing a still image, a function of photographing a
moving image, a function of automatically or manually
correcting a photographed image, a function of storing a
photographed image in a memory medium (an external
memory medium or a memory medium incorporated in
the camera), a function of displaying a photographed im-
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age on the display portion, or the like. Note that functions
which can be provided for the electronic devices illustrat-
ed in FIGS. 22A to 22H and FIGS. 23A to 23D are not
limited them, and the electronic devices can have a va-
riety of functions.
[0341] The electronic devices described in this disclo-
sure each include a display portion for displaying some
kind of information.
[0342] Next, applications of semiconductor devices
are described.
[0343] FIG. 23E illustrates an example in which a sem-
iconductor device is incorporated in a building structure.
FIG. 23E illustrates a housing 5022, a display portion
5023, a remote controller 5024 which is an operation por-
tion, a speaker 5025, and the like. The semiconductor
device is incorporated in the building structure as a wall-
hanging type and can be provided without requiring a
large space.
[0344] FIG 23F illustrates another example in which a
semiconductor device is incorporated in a building struc-
ture. A display panel 5026 is incorporated in a prefabri-
cated bath unit 5027, so that a bather can view the display
panel 5026.
[0345] Note that although this disclosure describes the
wall and the prefabricated bath are given as examples
of the building structures, this disclosures is not limited
to them. The semiconductor devices can be provided in
a variety of building structures.
[0346] Next, examples in which semiconductor devic-
es are incorporated in moving objects are described.
[0347] FIG 23G illustrates an example in which a sem-
iconductor device is incorporated in a car. A display panel
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 inside or outside of the car on
demand. Note that the display panel 5028 may have a
navigation function.
[0348] FIG. 23H illustrates an example in which a sem-
iconductor device is incorporated in a passenger air-
plane. FIG. 23H illustrates a usage pattern when a display
panel 5031 is provided for a ceiling 5030 above a seat
of the passenger airplane. The display panel 5031 is in-
corporated in the ceiling 5030 through a hinge portion
5032, and a passenger can view the display panel 5031
by stretching of the hinge portion 5032. The display panel
5031 has a function of displaying information by the op-
eration of the passenger.
[0349] Note that although bodies of a car and an air-
plane are illustrated as examples of moving objects in
this disclosure, this disclosure is not limited to them. The
semiconductor devices can be provided for a variety of
objects such as two-wheeled vehicles, four-wheeled ve-
hicles (including cars, buses, and the like), trains (includ-
ing monorails, railroads, and the like), and vessels.

Claims

1. A method for driving a display device, comprising:

performing a frame interpolation processing and
increasing frame frequency; and
performing a first super-resolution processing,
wherein the first super-resolution processing
comprises increasing the amount of image data
and performing resolution conversion, and

wherein resolution of a variety of regions of
an image is recognized and the first super-
resolution processing is performed on each
region at different intensity or
wherein the first super-resolution process-
ing is performed only on some regions of
the image depending on the content of the
image.

2. The method for driving a display device according
to claim 1, further comprising:
performing a second super-resolution processing.

3. The method for driving a display device according
to claim 1 or 2, further comprising:
performing a local dimming processing after the first
super-resolution processing, wherein the local dim-
ming is a local luminance control.

4. The method for driving a display device according
to claim 3, further comprising:
performing the local dimming processing in a part of
a screen.

5. The method for driving a display device according
to claim 3 or 4, further comprising:

performing an overdrive processing after the lo-
cal dimming processing,
wherein the overdrive processing comprises
temporarily supplying a drive voltage having
larger amplitude than voltage corresponding to
the original gray level before the voltage corre-
sponding to the original gray level is supplied.

6. The method for driving a display device according
to claim 5, further comprising:
performing the overdrive processing in a part of a
screen.

7. The method for driving a display device according
to any one of claims 1 to 6, further comprising:
performing an edge enhancement processing after
the first super-resolution processing.

8. The method for driving a display device according
to claim 7, further comprising:
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performing the edge enhancement processing in a
part of a screen.

9. The method for driving a display device according
to any one of claims 1 to 8, further comprising:
performing an enlargement processing before the
first super-resolution processing.

Patentansprüche

1. Verfahren zum Betreiben einer Anzeigevorrichtung,
das umfasst:

Durchführen einer Verarbeitung einer Frame-In-
terpolation und Erhöhen einer Frame-Frequenz;
und
Durchführen einer ersten hochauflösenden Ver-
arbeitung,
wobei die erste hochauflösende Verarbeitung
das Erhöhen der Menge an Bilddaten und das
Durchführen einer Auflösungsumwandlung um-
fasst, und
wobei die Auflösung von verschiedenen Berei-
chen eines Bildes erkannt wird und die erste
hochauflösende Verarbeitung auf jedem Be-
reich bei unterschiedlicher Intensität durchge-
führt wird, oder
wobei die erste hochauflösende Verarbeitung je
nach dem Inhalt des Bildes nur auf einigen Be-
reichen des Bildes durchgeführt wird.

2. Verfahren zum Betreiben einer Anzeigevorrichtung
nach Anspruch 1, das ferner umfasst:
Durchführen einer zweiten hochauflösenden Verar-
beitung.

3. Verfahren zum Betreiben einer Anzeigevorrichtung
nach Anspruch 1 oder 2, das ferner umfasst:
Durchführen einer Verarbeitung eines lokalen Dim-
mings nach der ersten hochauflösenden Verarbei-
tung, wobei das lokale Dimming eine Steuerung ei-
ner lokalen Leuchtdichte ist.

4. Verfahren zum Betreiben einer Anzeigevorrichtung
nach Anspruch 3, das ferner umfasst:
Durchführen der Verarbeitung des lokalen Dim-
mings in einem Teil eines Bildschirms.

5. Verfahren zum Betreiben einer Anzeigevorrichtung
nach Anspruch 3 oder 4, das ferner umfasst:

Durchführen einer Übersteuerungsverarbei-
tung nach der Verarbeitung des lokalen Dim-
mings,
wobei die Übersteuerungsverarbeitung das
temporäre Zuführen einer Betriebsspannung
umfasst, die eine größere Amplitude aufweist

als eine Spannung, die der ursprünglichen
Graustufe entspricht, bevor die Spannung, die
der ursprünglichen Graustufe entspricht, zuge-
führt wird.

6. Verfahren zum Betreiben einer Anzeigevorrichtung
nach Anspruch 5, das ferner umfasst:
Durchführen der Übersteuerungsverarbeitung in ei-
nem Teil eines Bildschirms.

7. Verfahren zum Betreiben einer Anzeigevorrichtung
nach einem der Ansprüche 1 bis 6, das ferner um-
fasst:
Durchführen einer Verarbeitung einer Randverstär-
kung nach der ersten hochauflösenden Verarbei-
tung.

8. Verfahren zum Betreiben einer Anzeigevorrichtung
nach Anspruch 7, das ferner umfasst:
Durchführen der Verarbeitung der Randverstärkung
in einem Teil eines Bildschirms.

9. Verfahren zum Betreiben einer Anzeigevorrichtung
nach einem der Ansprüche 1 bis 8, das ferner um-
fasst:
Durchführen einer Vergrößerungsverarbeitung vor
der ersten hochauflösenden Verarbeitung.

Revendications

1. Procédé de commande d’un dispositif d’affichage,
comprenant les étapes de:

effectuer un traitement d’interpolation de trame
et augmenter la fréquence de trame; et
effectuer un premier traitement de super-réso-
lution,
dans lequel le premier traitement de super-ré-
solution comprend l’augmentation de la quantité
de données d’image et l’exécution d’une con-
version de résolution, et
dans lequel la résolution de diverses régions
d’une image est reconnue et le premier traite-
ment de super-résolution est effectué sur cha-
que région à une intensité différente ou
dans lequel le premier traitement de super-ré-
solution n’est effectué que sur certaines régions
de l’image en fonction du contenu de l’image.

2. Procédé de commande d’un dispositif d’affichage
selon la revendication 1, comprenant aussi une éta-
pe de:
effectuer un second traitement de super-résolution.

3. Procédé de commande d’un dispositif d’affichage
selon la revendication 1 ou 2, comprenant aussi une
étape de:
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effectuer un traitement de gradation locale après le
premier traitement de super-résolution, dans lequel
la gradation locale est une commande de luminance
locale.

4. Procédé de commande d’un dispositif d’affichage
selon la revendication 3, comprenant aussi une éta-
pe de:
effectuer le traitement de gradation locale dans une
partie d’un écran.

5. Procédé de commande d’un dispositif d’affichage
selon la revendication 3 ou 4, comprenant aussi une
étape de:

effectuer un traitement de surmultiplication
après le traitement de gradation locale,
dans lequel le traitement de surmultiplication
consiste à fournir temporairement une tension
de commande ayant une amplitude plus grande
que la tension correspondant au niveau de gris
d’origine avant que la tension correspondant au
niveau de gris d’origine soit fournie.

6. Procédé de commande d’un dispositif d’affichage
selon la revendication 5, comprenant aussi une éta-
pe de:
effectuer le traitement de surmultiplication dans une
partie d’un écran.

7. Procédé de commande d’un dispositif d’affichage
selon l’une quelconque des revendications 1 à 6,
comprenant aussi une étape de:
effectuer un traitement d’amélioration des bords
après le premier traitement de super-résolution.

8. Procédé de commande d’un dispositif d’affichage
selon la revendication 7, comprenant aussi une éta-
pe de:
effectuer le traitement d’amélioration des bords dans
une partie d’un écran.

9. Procédé de commande d’un dispositif d’affichage
selon l’une quelconque des revendications 1 à 8,
comprenant aussi une étape de:
effectuer un traitement d’agrandissement avant le
premier traitement de super-résolution.
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