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(57) ABSTRACT

A liquid crystal display device includes a pixel having a first
to nth (n is a natural number of 2 or more) subpixels and a
circuit. To the circuit, N (N is a natural number of 2 or more)
wirings for supplying a digital signal with N bits and first to
nth wiring groups having M (M is a natural number of 2 or
more) wirings for supplying M different voltages are electri-
cally connected. The liquid crystal display device has a func-
tion of converting the digital signal into n analog signals by
using the M voltages supplied to the first to nth wiring groups
and inputting the n analog signals to first to nth subpixels. The
first to nth subpixels each include an electrode for driving a
liquid crystal element.
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DISPLAY DEVICE, LIQUID CRYSTAL
DISPLAY DEVICE AND ELECTRONIC
DEVICE INCLUDING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention
[0002] One embodiment of this invention relates to a dis-
play device or a driving method of the display device. In
specific, one embodiment of this invention relates to a liquid
crystal display device in which a pixel is divided into a plu-
rality of subpixels and a driving method of the liquid crystal
display device. Further, one embodiment of this invention
relates to a liquid crystal display device or an electronic
device including the liquid crystal display device in a display
portion.
[0003] 2. Description of the Related Art
[0004] Liquid crystal display devices are used for a variety
of electronic products such as cell phones and television
receiver and many research is conducted for further improve-
ment in the quality.
[0005] While advantages of a liquid crystal display device
are small size, light weight, and low power consumption
compared to a CRT (cathode-ray tube) and, a problem of the
liquid crystal display device is the narrow viewing angle. In
recent years, many research about a multi domain method,
that is, an alignment division method are made for improving
viewing angle characteristics. For example, an MVA (multi-
domain vertical alignment) mode which is a combination of a
VA (vertical alignment) mode and a multi-domain mode, a
PVA (patterned vertical alignment) mode, and the like can be
given.
[0006] In addition, researches are made in which one pixel
is divided into a plurality of subpixels and the alignment state
of liquid crystals in each subpixel is made different so as to
improve the viewing angle. However, since the pixel is
divided into the plurality of subpixels, a plurality of signals
needs to be input to one pixel. Therefore, the number of
signals needed for driving a display device is increased. In
view of this, research on conversion of a signal for one pixel
into signals for respective subpixels is conducted (see Refer-
ence 1).
[0007] Reference 1: Japanese Published Patent Application
No. 2007-226196

SUMMARY OF THE INVENTION

[0008] However, in adisplay device disclosed in Reference
1, signals corresponding to respective subpixels are generated
outside a panel. Therefore, when the pixel is divided into a
plurality of subpixels, the number of connection between the
panel and an external component is largely increased. As a
result, poor connection is generated in a connection portion
between the panel and the external component, whereby a
problem of decrease in reliability is concerned. Alternatively,
an yield in production of the display device is decreased,
whereby a problem of an increase in a cost is concerned.
Alternatively, the number of connection between the panel
and the external component is increased, whereby a problem
in that it is difficult to obtain a high-definition display device
is concerned.

[0009] Alternatively, in order to generate signals corre-
sponding to respective subpixels, a look-up table is used in
some cases. Accordingly, a problem in that it is difficult to
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form a part for generating the signals corresponding to the
respective subpixels and the pixel over the same substrate is
concerned.

[0010] Alternatively, in order to read the signals corre-
sponding to the respective subpixels from a memory element
in which the look-up table is stored, the memory element
needs to be driven at high speed. Therefore, as the look-up
table is read from the memory element, heat is generated,
whereby power consumption is increased in some cases.
Alternatively, since the memory element for storing the look-
up table is needed, a cost is increased. Alternatively, a path-
way from generating the signals corresponding to the respec-
tive subpixels to writing the signals to the respective subpixel
1s long, and a connection portion of the panel and the external
component exists in the course of the pathway. Therefore, the
signals are likely to be influenced by noise and display quality
is decreased, which is a problem.

[0011] In view of the foregoing problems, one object is to
convert one digital signal into a plurality of analog signals
without using a look-up table. Alternatively, another object is
to reduce the number of connection between a panel and an
external component. Alternatively, another object is to
increasereliability. Alternatively, another object is to improve
an yield. Alternatively, another object is to reduce a cost.
Alternatively, another object is to make a high-definition dis-
play portion. Alternatively, another object is to try to achieve
alow price. Alternatively, another object is to make heat less
likely to be generated. Alternatively, another object is to
reduce power consumption. Alternatively, another object is to
increase display quality by enhancing resistance to noise.
Besides, another objectis to provide a better display device or
semiconductor device by using a variety of other means.
[0012] One embodiment of this invention relates to a dis-
play device in which a pixel is divided into a plurality of
subpixels and a converter circuit for converting a signal for
one pixel into signals for respective subpixels, for example, a
digital-analog converter circuit, is included. In one feature of
the structure of a digital-analog converter circuit of this inven-
tion, a wiring for supplying a signal for one pixel and a wiring
group including wirings to which a plurality of voltages is
supplied are electrically connected to each other. For
example, one wiring group has a plurality of voltages corre-
sponding to the gray level of one subpixel. Note that in the
case where the pixel includes n subpixels, the number of
wiring groups is n. For example, the digital-analog converter
circuit selects any one of a plurality of voltages in an i-th (i is
any one of 1 to n) wiring group and writes the one of the
plurality of voltages to an i-th subpixel.

[0013] Note that each of a plurality of voltages (hereinafter
also referred to as a gray-level voltage group) which is input
to a plurality of witing groups is generated in a reference
driver (hereinafter also referred to as a gray-level voltage
generation circuit). The digital-analog converter circuit
includes or does not include the reference driver.

[0014] Note that one reference driver generates a plurality
of gray-level voltage groups or a plurality of reference drivers
each generate one gray-level voltage group.

[0015] Note that the pixel is not necessarily divided into a
plurality of subpixels. It is also possible that the pixel is not
divided into a plurality of subpixels in some cases.

[0016] Note that the term “group” is referred to as a bunch
in many cases. For example, a voltage group is referred to as
a plurality of voltages. As another example of the “group,” a
wiring group is referred to as a plurality of wirings. As another
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example of the “group,” a current group is referred to as a
plurality of currents. As another example of the “group,” a
signal group is referred to as a plurality of signals.

[0017] Note that, for example, any one of a voltage group
means any one of a plurality of voltages in one voltage group.
Similarly, for example, any one of a wiring group means a
wiring, which is included in the wiring group, to which any
one of a plurality of voltages is applied.

[0018] Note that, for example, a plurality of voltage groups
means a plurality of bunches (groups) each of which has a
plurality of voltages. Similarly, for example, a plurality of
wiring groups means a plurality of bunches (groups) each of
which includes a plurality of wirings.

[0019] Oneembodiment of this invention is a liquid crystal
display device including a first to nth (n is a natural number of
2 or more) subpixels each provided with an electrode for
driving a liquid crystal element, and a circuit having a func-
tion of converting a digital signal with N (N is a natural
number of 2 or more) bits into n analog signals by using M (M
is a natural number of 2 or more) different voltages supplied
from first to nth wiring groups, and a function of inputting the
n analog signals to the first to nth subpixels, respectively.

[0020] Another embodiment of this invention is a liquid
crystal display device including a first to nth (n is a natural
number of 2 or more) subpixels each provided with an elec-
trode for driving a liquid crystal element, and first to nth
circuits each having a function of converting a digital signal
with N (N is a natural number of 2 or more) bits into an analog
signal by using M (M is a natural number of 2 or more)
different voltages supplied from a wiring group, and a func-
tion of inputting the analog signal to any one of the first to nth
subpixels.

[0021] Another embodiment of this invention is a liquid
crystal display device including a first subpixel and a second
subpixel each provided with an electrode for driving a liquid
crystal element, and a circuit having a function of converting
adigital signal with N (N is a natural number of 2 or more) bits
into a first analog signal and a second analog signal by using
M (M is a natural number of 2 or more) different voltages
supplied from a first wiring group and a second wiring group,
and a function of inputting the first analog signal to the first
subpixel and the second analog signal to the second subpixel.

[0022] Another embodiment of this invention is a liquid
crystal display device including a first to nth (n is a natural
number of 2 or more) subpixels each provided with an elec-
trode for driving a liquid crystal element, a first circuit having
a function of decoding a first digital signal with N (N is a
natural number of 2 or more) bits and converting the first
digital signal into a second digital signal, and n second cir-
cuits each having a function of converting the second digital
signal into an analog signal by using M (M is a natural number
of 2 or more) different voltages supplied from a wiring group,
and a function of inputting the analog signal to any one of the
first to nth subpixels.

[0023] Another embodiment of this invention is a liquid
crystal display device including a first subpixel and a second
subpixel each provided with an electrode for driving a liquid
crystal element, a first circuit having a function of decoding a
first digital signal with N (N is a natural number of 2 or more)
bits and converting the first digital signal into a second digital
signal, and two second circuits each having a function of
converting the second digital signal into an analog signal by
using M (M is a natural number of 2 or more) different
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voltages supplied from a wiring group, and a function of
inputting the analog signal to the first subpixel or the second
subpixel.

[0024] Another embodiment of this invention is a liquid
crystal display device including a first mode, a second mode,
a pixel having a first subpixel and a second subpixel, and a
circuit. The circuit is electrically connected to N (N is a
natural number of 2 or more) wirings for supplying a digital
signal with N bits, a first wiring group and a second witing
group each having M (M is a natural number of 2 or more)
wirings for supplying M different voltages, and a third wiring
group and a fourth wiring group each having M wirings for
supplying M different voltages. In the first mode, the circuit
has functions of converting the digital signal into a first analog
signal and a second analog signal by using the M voltages
supplied to the first wiring group and the second wiring group
and respectively inputting the first analog signal to the first
subpixel and the second analog signal to the second subpixel.
In the second mode, the circuit has functions of converting the
digital signal into a third analog signal and a fourth analog
signal by using the M voltages supplied to the third wiring
group and the fourth wiring group and respectively inputting
the third analog signal to the first subpixel and the fourth
analog signal to the second subpixel. The first subpixel and
the second subpixel each include an electrode for driving a
liquid crystal element.

[0025] Another embodiment of this invention is a liquid
crystal display device including a first mode, a second mode,
a pixel having a first subpixel and a second subpixel, a first
circuit, a second circuit, a third circuit, and a fourth circuit.
The first circuit is electrically connected to N (N is a natural
number of 2 or more) wirings for supplying a digital signal
with N bits, and a first wiring group having M (M is a natural
number of 2 or more) wirings for supplying M different
voltages. The second circuit is electrically connected to N
wirings for supplying a digital signal with N bits, and a
second wiring group having M wirings for supplying M dif-
ferent voltages. The third circuit is electrically connected to N
wirings for supplying a digital signal with N bits, and a third
wiring group having M wirings for supplying M different
voltages. The fourth circuit is electrically connected to N
wirings for supplying a digital signal with N bits, and a fourth
wiring group having M wirings for supplying M different
voltages. In the first mode, the first circuit and the second
circuit each have functions of converting the digital signal
into a first analog signal and a second analog signal by using
the M voltages supplied to the first wiring group and the
second wiring group and respectively inputting the first ana-
log signal to the first subpixel and the second analog signal to
the second subpixel. In the second mode, the third circuit and
the fourth circuit have functions of converting the digital
signal into a third analog signal and a fourth analog signal by
using the M voltages supplied to the third wiring group and
the fourth wiring group and respectively inputting the third
analog signal to the first subpixel and the fourth analog signal
to the second subpixel. The first subpixel and the second
subpixel each include an electrode for driving a liquid crystal
element.

[0026] Another embodiment of this invention is a liquid
crystal display device including a first mode, a second mode,
a pixel having a first subpixel and a second subpixel, a first
circuit, a second circuit, a third circuit, a fourth circuit, a fifth
circuit, and a sixth circuit. The first circuit has functions of
decoding a first digital signal with N (N is a natural number of
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2 or more) bits, converting the first digital signal into a second
digital signal, and inputting the second digital signal to each
of the third circuit and the fourth circuit, by using 2% wirings.
The second circuit has functions of decoding the first digital
signal with N bits, converting the first digital signal into a
third digital signal, and inputting the third digital signal to

each of the third circuit and the fourth circuit, by using 2

wirings. The third circuit is electrically connected to a first
wiring group having M (M is a natural number of 2 or more)
wirings for supplying M different voltages. The fourth circuit
is electrically connected to a second wiring group having M
(M is a natural number of 2 or more) wirings for supplying M
different voltages. The fifth circuit is electrically connected to
a third wiring group having M (M is a natural number of 2 or
more) wirings for supplying M different voltages. The sixth
wiring is electrically connected to a fourth wiring group hav-
ing M (M is a natural number of 2 or more) wirings for
supplying M different voltages. In the first mode, the third
circuit and the fourth circuit each have functions of convert-
ing the second digital signal into a first analog signal and a
second analog signal by using the M voltages supplied to the
2" wirings and the wiring group and respectively inputting
the first analog signal to the first subpixel and the second
analog signal to the second subpixel. In the second mode, the
fifth circuit and the sixth circuit have functions of converting
the third digital signal into a third analog signal and a fourth
analog signal by using the M voltages supplied to the wiring
group and respectively inputting the third analog signal to the
first subpixel and the fourth analog signal to the second sub-
pixel. The first subpixel and the second subpixel each include
an electrode for driving a liquid crystal element.

[0027] Note that various types of switches can be used as a
switch. An electrical switch, a mechanical switch, and the like
are given as examples. That is, any element can be used as
long as it can control current flow, without limitations 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, alogic circuit combining such elements
can be used as a switch.

[0028] An example of a mechanical switch is a switch
formed using 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 based on movement of the electrode.

[0029] Note that a CMOS switch may be used as a switch
by using both N-channel and P-channel transistors.

[0030] 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 have a
terminal for controlling conduction in some cases. Therefore,
when a diode is used as a switch, the number of wirings for
controlling terminals can be further reduced compared to the
case of using a transistor as a switch.

[0031] Note that when it is explicitly described that “A and
B are connected,” the case where A and B are electrically
connected, the case where A and B are functionally con-
nected, and the case where A and B are directly connected are
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included therein. Here, each of A and B corresponds to an
object (e.g., a device, an element, a circuit, a wiring, an
electrode, a terminal, a conductive film, or a layer). Accord-
ingly, another connection relation shown in drawings and
texts is included without being limited to a predetermined
connection relation, for example, the connection relation
shown in the drawings and the texts.

[0032] Forexample, in the case where A and B are electri-
cally connected, one or more, elements which enable electric
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 cit-
cuit; a potential level converter circuit such as a power supply
circuit (e.g., a step-up de-de converter or a step-down de-dc
converter) or a level shifter circuit for changing a potential
level of a signal; a voltage source; a current source; a switch-
ing 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 generating
circuit; a memory circuit; 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 if another
circuit is provided between A and B, A and B are connected
functionally.

[0033] 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 con-
nected by interposing another element or another circuit ther-
ebetween), the case where A and B are functionally connected
(i.e., the case where A and B are functionally connected by
interposing another circuit therebetween), and the case where
A and B are directly connected (i.e., the case where A and B
are connected without interposing another element or another
circuit therebetween) are included therein. That is, when it is
explicitly described that “A and B are electrically connected”,
the description is the same as the case where it is explicitly
only described that “A and B are connected”.

[0034] Note that a display element, a display device which
is adevice having a display element, a light-emitting element,
and a light-emitting device which is a device having a light-
emitting element can use various types and can include vari-
ous elements. For example, a display medium, whose con-
trast, luminance, reflectivity, transmittivity, or the like
changes by an electromagnetic action, such as an EL (electro-
luminescence) element (e.g., an EL element including
organic and inorganic materials, an organic EL element, or an
inorganic EL element), an LED (a white LED, a red LED, a
green LED, a blue LED, or the like), a transistor (a transistor
which emits light depending on current), an electron emitter,
a liquid crystal element, electronic ink, an electrophoresis
element, a grating light valve (GLV), a plasma display panel
(PDP), a digital micromirror device (DMD), a piezoelectric
ceramic display, or a carbon nanotube can be included as a
display element, a display device, a light-emitting element, or
alight-emitting device. Note that display devices using an EL
element include an EL display; display devices using an
electron emitter include a field emission display (FED), an
SED-type flat panel display (SED: surface-conduction elec-
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tron-emitter display), and the like; display devices using a
liquid crystal element include a liquid crystal display (e.g., a
transmissive liquid crystal display, a transflective liquid crys-
tal display, a reflective liquid crystal display, a direct-view
liquid crystal display, or a projection liquid crystal display);
and display devices using electronic ink or an electrophoresis
element include electronic paper.

[0035] Note that a liquid crystal element is an element
which controls transmission or non-transmission of light by
an optical modulation action of liquid crystals and includes a
pair of electrodes and liquid crystals. The optical modulation
action of liquid crystals is controlled by an electric filed
applied to the liquid crystal (including a lateral electric field,
a vertical electric field and a diagonal electric field). The
following liquid crystals can be used for a liquid crystal
element: a nematic liquid crystal, a cholesteric liquid crystal,
asmectic liquid crystal, a discotic liquid crystal, a thermotro-
pic liquid crystal, a lyotropic liquid crystal, a low molecular
liquid crystal, a high molecular liquid crystal, a PDLC (poly-
mer dispersed liquid crystal), a ferroelectric liquid crystal, an
anti-ferroelectric liquid crystal, a main chain type liquid crys-
tal, a side chain type polymer liquid crystal, a plasma
addressed liquid crystal (PALC), a banana-shaped 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 verti-
cal alignment) mode, a PVA (patterned vertical alignment)
mode, an ASV (advanced super view) mode, an ASM (axially
symmetric aligned microcell) mode, an OCB (optical com-
pensated birefringence) mode, an ECB (electrically con-
trolled birefringence) 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, and a blue-phase mode. Note that this
invention is not limited thereto, and various kinds of liquid
crystal elements can be used.

[0036] Note that various types of transistors can be used as
a transistor, without being limited to a certain type. For
example, a thin film transistor (IFT) including a non-single-
crystal semiconductor film typified by amorphous silicon,
polycrystalline silicon, microcrystalline (also referred to as
microcrystal, nanocrystal, semi-amorphous) silicon, or the
like can be used. In the case of using the TFT, there are various
advantages. For example, since the TFT can be formed at
temperature lower than that of the case of using single crystal
silicon, manufacturing cost can be reduced or a manufactur-
ing apparatus can be made larger. Since the manufacturing
apparatus is 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, a substrate having low
heat resistance can be used because of low manufacturing
temperature. Therefore, the transistor can be formed using a
light-transmitting substrate. Accordingly, 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 which forms the transistor can
transmit light because the film thickness of the transistor is
thin. Therefore, the aperture ratio can be improved.

[0037] Note that when a catalyst (e.g., nickel) is used in
forming polycrystalline silicon, crystallinity can be further
improved and a transistor having excellent electric character-
istics can be formed.

[0038] Note that when a catalyst (e.g., nickel) isused in the
case of forming microcrystalline silicon, crystallinity can be
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further improved and a transistor having excellent electric
characteristics can be formed. At this time, crystallinity can
be improved by just performing heat treatment without per-
forming laser light irradiation.

[0039] Note that polycrystalline silicon and microcrystal-
line silicon can be formed without using a catalyst (e.g,,
nickel).

[0040] Note that it is preferable that the crystallinity of
silicon be improved to polycrystalline, microcrystalline, or
the like in the whole panel; however, this invention is not
limited to this. The crystallinity of silicon may be improved
only in part of the panel. Selective increase in crystallinity can
be achieved by selective laser irradiation or the like. For
example, only a peripheral driver circuit region excluding
pixels may be irradiated with laser light. Alternatively, only a
region of a gate driver circuit, a source driver circuit, or the
like may be irradiated with laser light. Further alternatively,
only part of a source driver circuit (e.g., an analog switch)
may be irradiated with laser light.

[0041] Alternatively, a transistor can be formed by using a
semiconductor substrate, an SOI substrate, or the like.
[0042] Alternatively, a transistor including a compound
semiconductor or an oxide semiconductor such as ZnO, a-In-
GaZnO, SiGe, GaAs, 170, ITO, or SnO, a thin film transistor
obtained by thinning such a compound semiconductor or an
oxide semiconductor, or the like can be used. Note that such
acompound semiconductor or an oxide semiconductor can be
used for not only a channel portion of the transistor but also
other applications. For example, such a compound semicon-
ductor or an oxide semiconductor can be used as a resistor
element, a pixel electrode, or a light-transmitting electrode.
[0043] Alternatively, a transistor formed by using an inkjet
method or a printing method, or the like can be used.

[0044] Alternatively, a transistor including an organic
semiconductor or a carbon nanotube, or the like can be used.
[0045] Inaddition, various types of transistors can be used.
For example, a MOS transistor, a junction transistor, a bipolar
transistor, or the like can be employed.

[0046] Further, a MOS transistor, a bipolar transistor and/or
the like may be mixed on one substrate.

[0047] Furthermore, various transistors other than the
above-described types of transistors can be used.

[0048] Note that a transistor can be formed using various
types of substrates without being limited to a certain type. As
the substrate, for example, a single crystal substrate, an SOI
substrate, a glass substrate, a quartz substrate, a plastic sub-
strate, a stainless steel substrate, a substrate including a stain-
less steel foil, or the like can be used.

[0049] Note that a structure of a transistor can be various
forms without being limited to a certain structure. For
example, a multi-gate structure having two or more gate
electrodes may be used. When the multi-gate structure is
used, a structure where a plurality of transistors are connected
in series is provided because channel regions are connected in
series.

[0050] As another example, a structure where gate elec-
trodes are formed above and below a channel may be
employed.

[0051] A structure where a gate electrode is formed above
a channel region, a structure where a gate electrode 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 regions, or a structure where chan-
nel regions are connected in parallel or in series can be used.
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Further alternatively, a source electrode or a drain electrode
may overlap with a channel region (or part of it).

[0052] Note that various types of transistors can be used as
a transistor and the transistor can be formed using various
types of substrates. Accordingly, all the circuits that are nec-
essary 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 necessary to realize the prede-
termined function are formed using the same substrate, cost
can be reduced by reduction in the number of component
parts or reliability can be improved by reduction in the num-
ber of connection to circuit components. Alternatively, part of
the circuits which are necessary to realize the predetermined
function can be formed using one substrate and another part
of the circuits which are necessary to realize the predeter-
mined function can be formed using another substrate. That
is, not all the circuits that are necessary to realize the prede-
termined function are required to be formed using the same
substrate. For example, part of the circuits which are neces-
sary to realize the predetermined function may be formed by
transistors using a glass substrate and another part of the
circuits which are necessary to realize the predetermined
function may be formed using a single crystal substrate, so
that an IC chip formed by a transistor over 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. Alternatively, the IC chip can be connected to the
glass substrate by TAB (tape automated bonding) or a printed
wiring board. When part of the circuits are formed using the
same substrate in this manner, cost can be reduced by reduc-
tion in the number of component parts or reliability can be
improved by reduction in the number of connection to circuit
components. Further alternatively, when circuits with high
driving voltage and high driving frequency, which consume
large power, are formed, for example, over a single crystal
semiconductor substrate instead of forming such circuits
using the same substrate and an IC chip formed by the circuit
is used, increase in power consumption can be prevented.
[0053] 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 struc-
ture, the operating condition, and the like of the transistor, it
is difficult to define which is source or drain. Therefore, a
region functioning as source and drain is not called the source
ot the drain in some cases. In such a case, one of the source
and the drain may be referred to as a first terminal and the
other thereof may be referred to as a second terminal, for
example. Alternatively, one of the source and the drain may be
referred to as a first electrode and the other thereof may be
referred to as a second electrode. Further alternatively, one of
the source and the drain may be referred to as a firstregion and
the other thereof may be called a second region.

[0054] Note thata transistor may be anelement including at
least three terminals of a base, an emitter and a collector. In
this case also, the emitter and the collector may be similarly
denoted as a first terminal and a second terminal.

[0055] Note that a semiconductor device corresponds to a
device having a circuit including a semiconductor element
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(e.g., a transistor, a diode, or a thyristor). The semiconductor
device may also include all devices that can function by
utilizing semiconductor characteristics. Alternatively, the
semiconductor device corresponds to a device having a semi-
conductor material.

[0056] Note that a display device corresponds to a device
having a display element. The display device may include a
plurality of pixels each having a display element. Note that
the display device may also include a peripheral driver circuit
for driving the plurality of pixels. The peripheral driver circuit
for driving the plurality of pixels may be formed over the
same substrate as the plurality of pixels. The display device
may also include a peripheral driver circuit provided over a
substrate by wire bonding or bump bonding, namely, an IC
chip connected by chip on glass (COG) or an IC chip con-
nected by TAB or the like. Further, the display device may
also include a flexible printed circuit (FPC) to which an IC
chip, aresistor, a capacitor, an inductor, a transistor, or the like
is attached. Note also that the display device includes a
printed wiring board (PWB) which is connected through a
flexible printed circuit (FPC) and to which an IC chip, a
resistor element, a capacitor element, an inductor, a transistor,
or the like is attached. The display device may also include an
optical sheet such as a polarizing plate or a retardation plate.
Note that the display device may also include a lighting
device, a housing, an audio input and output device, a light
sensor, or the like.

[0057] Note that a lighting device may include a backlight
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.

[0058] Inaddition, a light-emitting device corresponds to a
device having a light-emitting element or the like. When a
light-emitting element is used as a display element, a light-
emitting device is a typical example of a display device.

[0059] Note that a reflective device corresponds to a device
having a light-reflecting element, a light-diffraction element,
a light-reflecting electrode, or the like.

[0060] A liquid crystal display device corresponds to a
display device including a liquid crystal element. Liquid crys-
tal display devices include a direct-view liquid crystal dis-
play, a projection liquid crystal display, a transmissive liquid
crystal display, a reflective liquid crystal display, a semi-
transmissive liquid crystal display, and the like.

[0061] Note also that a driving device corresponds to a
device having a semiconductor element, an electric circuit, an
electronic circuit and/or the like. For example, a transistor
which controls input of a signal from a source signal line to a
pixel (also called a selection transistor, a switching transistor,
or the like), a transistor which applies voltage or current to a
pixel electrode, a transistor which applies voltage or current
to a light-emitting element, and the like are examples of the
driving device. A circuit which supplies a signal to a gate
signal line (also called a gate driver, a gate line driver circuit,
or the like), a circuit which supplies a signal to a source signal
line (also called a source driver, a source line driver circuit, or
the like) are also examples of the driving device.

[0062] Note that a display device, a semiconductor device,
a lighting device, a cooling device, a light-emitting device, a
reflective device, a driving device, and the like are provided
together in some cases. For example, a display device
includes a semiconductor device and a light-emitting device
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in some cases. Alternatively, a semiconductor device includes
a display device and a driving device in some cases.

[0063] According to one embodiment of this invention,
since one digital signal can be converted into a plurality of
analog signals, a look-up table can be unnecessary. Therefore,
heat generation or an increase in power consumption due to
reading a look-up table from a memory element can be pre-
vented. Alternatively, since signals corresponding to respec-
tive subpixels can be generated on a panel, the number of
connection between the panel and an external component can
be small. Alternatively, poor connection in the connection
portion of the panel and the external component can be sup-
pressed, whereby reliability can be increased. Alternatively,
an vield in production of a display device can be increased.
Alternatively, a production cost of the display device can be
reduced. Alternatively, since the number of connection
between the panel and the external component can be
reduced, a high-definition display portion can be obtained.
Alternatively, since the number of connection between the
panel and the external component can be reduced, resistance
to noise can be enhanced and display quality can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0064] In the accompanying drawings:

[0065] FIGS. 1A to 1C are diagrams illustrating a circuit of
one embodiment of this invention;

[0066] FIGS.2A and 2B are diagrams illustrating a circuit
of one embodiment of this invention;

[0067] FIG. 3 is a diagram illustrating a circuit of one
embodiment of this invention;

[0068] FIGS.4A and 4B are diagrams illustrating a circuit
of one embodiment of this invention;

[0069] FIGS.5A and 5B are diagrams illustrating a circuit
of one embodiment of this invention;

[0070] FIGS. 6A and 6B are diagrams illustrating a circuit
of one embodiment of this invention;

[0071] FIG. 7 is a diagram illustrating a circuit of one
embodiment of this invention;

[0072] FIGS. 8A to 8C are diagrams illustrating a circuit of
one embodiment of this invention;

[0073] FIGS. 9A to 9C are diagrams illustrating a circuit of
one embodiment of this invention;

[0074] FIGS. 10A and 10B are diagrams illustrating a cir-
cuit of one embodiment of this invention;

[0075] FIGS. 11A and 11B are diagrams illustrating a cir-
cuit and a driving method of one embodiment of this inven-
tion;

[0076] FIGS. 12A and 12B are diagrams illustrating a cit-
cuit of one embodiment of this invention;

[0077] FIG. 13 is a cross-sectional view illustrating a tran-
sistor of one embodiment of this invention;

[0078] FIGS. 14A to 14E are cross-sectional views illus-
trating a transistor of one embodiment of this invention;
[0079] FIGS. 15A to 15H are diagrams each illustrating an
electronic device of one embodiment of this invention; and
[0080] FIGS. 16A to 16H are diagrams each illustrating an
electronic device of one embodiment of this invention.

DETAILED DESCRIPTION OF THE INVENTION

[0081] Hereinafter, embodiments will be described with
reference to drawings. However, it is easily understood by
those skilled in the art that the invention can be implemented
with a variety of different forms, and embodiments and
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details of this invention can be variously changed without
departing from the scope and spirit of this invention. There-
fore, this invention is not interpreted as being limited to the
description of the embodiments below. Note that in a structure
of this invention described below, common portions and por-
tions having a similar function are denoted by the same ref-
erence numerals in all diagrams, and description thereof is
omitted.

[0082] Hereinafter, embodiment modes will be described
with reference to a variety of drawings. In that case, in one
embodiment, the contents (or may be part of the contents)
described in each drawing can be freely applied to, combined
with, or replaced with the contents (or may be part of the
contents) described in another drawing. Further, even more
drawings can be formed when each part in a drawing
described in one embodiment is combined with another part
in the drawing.

[0083] Similarly, the contents (or may be part of the con-
tents) described in each drawing of embodiment or a plurality
of embodiments can be freely applied to, combined with, or
replaced with the contents (or may be part of the contents)
described in a drawing of another embodiment or a plurality
of other embodiments. Further, even more drawings can be
formed when each part in the drawing of embodiment or a
plurality of embodiments is combined with part of another
embodiment or a plurality of other embodiments.

[0084] Note that the contents (or may be part of the con-
tents) described in one embodiment will show an example of
an embodied case of other contents (or may be part of the
contents) described in the embodiment, an example of slight
transformation thereof, an example of partial modification
thereof, an example of improvement thereof, an example of
detailed description thereof, an application example thereof,
an example of related part thereof, or the like. Therefore, the
contents (or may be part of the contents) described in one
embodiment can be freely applied to, combined with, or
replaced with other contents (or may be part of the contents)
described in the embodiment.

[0085] Note that the contents (or may be part of the con-
tents) described in one embodiment or a plurality of embodi-
ments will show an example of an embodied case of the
contents (or may be part of the contents) described in the
embodiment or the plurality of embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents (or may be part of the contents)
described in another embodiment can be freely applied to,
combined with, or replaced with other contents (or may be
part of the contents) described in another embodiment or a
plurality of other embodiments.

Embodiment 1

[0086] In this embodiment, a digital-analog converter por-
tion will be described. The digital-analog converter portion of
this embodiment converts one digital signal (e.g., a digital
signal with N bits (N is a natural number of 2 or more)) into
n (n is a natural number of 2 or more) analog signals. In order
to realize this, n groups (e.g., voltage groups or current
groups) are input to the digital-analog converter portion. Note
that a structure in which some of the respective groups input
to the digital-analog converter portion can be used as one in
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common is possible. In this case, less than n groups are input
to the digital analog converter portion.

[0087] Note that the values (e.g., voltage or current) of the
nanalog signals are different from each other. However, some
of the n analog signals have the same value in some cases.
Alternatively, all the values of the n analog signals are the
same in some cases. For example, in the case of a digital
signal with the maximum or minimum gray levels, the values
of analog signals supplied to the respective subpixels are the
same in some cases.

[0088] With reference to FIG. 1A, the digital-analog con-
verter portion in the case where one digital signal is converted
into two analog signals is described, for example.

[0089] A digital-analog converter portion 100 is connected
to a wiring group 111, a wiring group 112_1, a wiring group
112_2, a wiring 113_1 and a wiring 113_2.

[0090] The wiring group 111, the wiring group 112_1, and
the wiring group 112_2 each include a plurality of wirings.
[0091] A digital signal is input to the witing group 111.
Therefore, the number of bits in the digital signal corresponds
to the number of wirings in the wiring group 111 in many
cases. For example, in the case where the digital signal has N
bits, the wiring group 111 includes N wirings of wirings
111_1 to 111_N (N is a natural number).

[0092] A first voltage group is input to the wiring group
112_1. Accordingly, the number of voltages in the first volt-
age group corresponds to the number of wirings of the wiring
group 112_1 in many cases. For example, in the case where
the number of voltages in the first wiring group is M, the
wiring group 112_1 includes M wirings of wirings 112_11 to
112_1M (M is a natural number of 2 or more). Therefore, the
M different voltages are supplied to the M wirings in the
wiring group 112_1. In addition, in some cases, the wiring
group 112_1 is called a first wiring group depending on the
number of wiring groups provided in the digital-analog con-
verter portion 100.

[0093] Note that terms such as first, second, third to Nth (N
is anatural number) seen in this specification are used in order
to avoid confusion between components and do not set a
limitation on number.

[0094] A second voltage group is input to the wiring group
112_2. Accordingly, the number of voltages in the second
voltage group corresponds to the number of wirings of the
wiring group 112_2 in many cases. For example, in the case
where the number of voltages in the second voltage group is
M, the wiring group 112_2 includes M wirings of wirings
112_21 to 112_2M. Therefore, the M different voltages are
supplied to the M wirings in the wiring group 112_2. In
addition, in some cases, the wiring group 112_2 is called a
second wiring group depending on the number of wiring
groups provided in the digital-analog converter portion 100.
[0095] Note that this embodiment is not limited to this. A
variety of signals, voltages, or currents can be input to the
wiring group 111, the wiring group 112_1, and the wiring
group 112_2. Alternatively, a variety of signals, voltages, or
currents can be output from the wiring group 111, the wiring
group 112_1, and the wiring group 112_2.

[0096] A digital signal with N bits has a function of deter-
mining the value of an output signal from the digital-analog
converter portion 100.

[0097] Note that the denotation “a digital signal with N
bits” means a digital signal with N bits and also an inverted
signal thereof (hereinafter also referred to as an inverted
digital signal with N bits) in some cases.
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[0098] Note that a digital signal with N bits or a signal with
the approximately the same amplitude voltage as the digital
signal with N bit is input to gate of a transistor in many cases.
Further, the first voltage group and the second voltage group
are input to one of source and drain of the transistor in many
cases. Therefore, in order to make the transistor easily turned
on or off, it is preferable that the amplitude voltage of the
digital signal with N bits be equal to or greater than the
difference between the minimum value and the maximum
value of the first voltage group or the difference between the
minimum value and the maximum value of the second voltage
group, for example. However, this embodiment is not limited
thereto and the amplitude voltage of the digital signal with N
bits can be smaller.

[0099] The first voltage group has a plurality of voltages
having different values from each other, and the second volt-
age group has a plurality of voltages having different values
from each other in many cases. In addition, the values of the
first voltage group and the second voltage group are different
from each other in many cases. However, one of the voltages
in the first voltage group and one of the voltages in the second
voltage group or a plurality of voltages in the first voltage
group and a plurality of voltages in the second voltage group
have the same value in some cases. In this case, by sharing the
wiring and using the wiring in common, the number of wir-
ings in the wiring group 112_1 and the wiring group 112_2
can be reduced.

[0100] Note that a positive first voltage group and a nega-
tive first voltage group can be used as the first voltage group,
and a positive second voltage group and a negative second
voltage group can be used as the second voltage group. In
order to achieve this, for example, the number of wirings in
the wiring group 112_1 and the number of wirings in the
wiring group 112_1 can be increased (for example, approxi-
mately twice). In this case, the positive first voltage group and
the negative first voltage group are input to the wiring group
112_1 at the same time and the positive second voltage group
and the negative second voltage group are input to the wiring
group 112_2 at the same time.

[0101] In another example, one operation period can
include a first sub-operation period and a second sub-opera-
tion period. Then, positive polarity and negative polarity are
switched to each other in each sub-operation period. Such a
case is preferable because the number of wirings does not
increase. For example, in the first sub-operation period, the
positive first voltage group is input to the wiring group 112_1
and the positive second voltage group is input to the wiring
group 112_2.In the second sub-operation period, the negative
first voltage group is input to the wiring group 112_1 and the
negative second voltage group is input to the wiring group
112_2.

[0102] Note thata positive voltage is a voltage which makes
the potential of a pixel electrode higher than the potential of a
common electrode (hereinafter such potential is referred to as
a common potential) when the positive voltage is input to the
pixel electrode in the liquid crystal display device. On the
other hand, a negative voltage is a voltage which makes the
potential of the pixel electrode lower than the common poten-
tial.

[0103] Note that in the case where a positive voltage and a
negative voltage are input to the digital-analog converter por-
tion 100 as the first voltage group and the second voltage
group, inversion drive can be achieved by using the digital-
analog converter portion 100 for a liquid crystal display
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device. In the inversion drive, the polarity of a voltage applied
to the pixel electrode is inverted in accordance with the poten-
tial (the common potential) of the common electrode in a
liquid crystal element in each frame or each pixel with respect
to every certain period. By the inversion drive, uneven display
such as flickering of an image and deterioration in a liquid
crystal material can be suppressed. Note that as an example of
the inversion drive, source line inversion drive, gate line
inversion drive, dot inversion drive and the like can be given
as well as frame inversion drive.

[0104] Note that respective values (or polarities) of the first
voltage group and the second group can be changed with time.
In such a case, one operation period includes a plurality of
sub-operation periods. Then, the respective values (or polari-
ties) of the first voltage group and the second voltage group
are changed in every sub-operation period. In this manner, the
number of voltages in the first voltage group and the second
voltage group, that is, the number of wirings in the wiring
group 112_1 and the wiring group 112_2 can be reduced.
Alternatively, one of the first voltage group and the second
voltage group can be omitted.

[0105] Note that a current group can be input to the wiring
group 112_1 and the wiring group 112_2. A pixel circuit,
element, and the like which operates by current can be driven.
Alternatively, the current group and the voltage group can be
input to the wiring group 112_1 and the wiring group 112_2.
[0106] Note that, for example, the wiring group 111, the
wiring group 112_1, the wiring group 112_2, the wiring
113_1, and the wiring 113_2 can function as a first signal line
group, a first power supply line group, a second power supply
line group, a second signal line, and a third signal line, respec-
tively.

[0107] Note thata variety of signals, voltages, or currents as
well as the above-described signals and voltages can be input
to the digital-analog converter portion 100.

[0108] For example, an inverted signal of the digital signal
with N bits (hereinafter such a signal is referred to as an
inverted digital signal) can be input to the digital-analog
converter portion 100. In this case, a new wiring group (e.g.,
N wirings) may be added so that the inverted digital signal
with N bits is input to the digital-analog converter portion 100
through the new wiring group. Note that this new wiring
group functions as a signal line group, for example.

[0109] Note that the digital-analog converter portion 100
can be referred to as a circuit or a semiconductor device.
[0110] Next, the operation of the digital-analog converter
portion 100 shown in FIG. 1A will be described.

[0111] Thedigital signal with N bits, the first voltage group,
and the second voltage group are input to the digital-analog
converter portion 100.

[0112] Inaccordance with the digital signal with N bits, the
digital-analog converter portion 100 brings one of the wiring
group 112_1 and the wiring 113_1 into conduction and brings
the other of the wiring group 112_1 and the wiring 113_1 into
out of conduction, so that the potentials of the one of the
wiring group 112_1 and the wiring 113_1 are approximately
the same. At the same time, in accordance with the digital
signal with N bits, the digital-analog converter portion 100
brings one of the wiring group 112_2 and the wiring 113_2
into conduction and brings the other of the wiring group
112_2 and the wiring 113_2 into out of conduction, so that the
potentials of the one of the wiring group 112_2 and the wiring
113_2 are approximately the same. In this manner, by the
digital-analog converter portion 100, the potential of the wir-
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ing 113_1 and the potential of the wiring 113_2 are deter-
mined in accordance with the first voltage group and the
second voltage group.

[0113] Note that the terms “approximately the same” are
used in consideration of an error generated by the effect of
noise. Accordingly, the error is preferably equal to or less than
10%, more preferably equal to or less than 5%, or further
preferably equal to or less than 3%, for example.

[0114] TIn this manner, the digital-analog converter portion
100 converts the digital signal with N bits into a first analog
signal and a second analog signal and outputs the first analog
signal and the second analog signal to the wiring 113_1 and
the wiring 113_2, respectively. Alternatively, the digital-ana-
log converter portion 100 selects one of the first voltage group
and one of the second voltage group in accordance with the
digital signal with N bits, outputs the one of the first voltage
group to the wiring 113_1 as the first analog signal, and
outputs the one of the second voltage group to the wiring
113_2 as the second analog signal.

[0115] Note that the values of the first analog signal and the
second analog signal are different from each other in many
cases. However, this embodiment is not limited to this.
Depending on the first voltage group and the second voltage
group or the value of the digital signal, the values of the first
analog signal and the second analog signal are approximately
the same in some cases.

[0116] Note that although the potential of the first analog
signal and the potential of the second analog signal are the
same as that of one of the first voltage group or one of the
second voltage group in many cases, this embodiment is not
limited thereto. For example, a new voltage is generated by
dividing any voltage in the first voltage group or the second
voltage group with a resistor element or a capacitor element.
Then, this newly generated voltage can be output as an analog
signal.

[0117] Note that each of the wirings included in the wiring
group 112_1 and the wiring group 112_2 preferably has a part
whose width is larger than that of the wiring included in the
wiring group 111. This is because an analog voltage is input
to the wiring group 112_1 and the wiring group 112_2 in
many cases and wiring resistance per unit length of the wiring
group 112_1 and the wiring group 112_2 is preferably lower
than that of the wiring group 111.

[0118] However, each of the wirings included in the wiring
group 112_1 and the wiring group 112_2 may have a part
whose width is smaller than that of the wiring included in the
wiring group 111. In this case, for example, since each of the
number of the wirings in the wiring group 112_1 and the
number of wirings in the wiring group 112_2 is larger than
that of the wiring group 111, the layout area of the digital-
analog converter portion 100 can be small.

[0119] Note that it is preferable that each of the wiring
113_1 and the wiring 113_2 also has a part whose width is
larger than that of the wiring included in the wiring group 111,
like the wiring group 112_1 and the wiring group 112_2.
However, each of the wiring 113_1 and the wiring 113_2 can
have a part whose width is smaller than that of the wiring
included in the wiring group 111, like the wiring group 112_1
and the wiring group 112_2.

[0120] Note that the wiring in the wiring group 111 is
connected to a gate electrode of a transistor in many cases.
Accordingly, part of the wiring included in the wiring group
111, which is connected to the digital-analog converter por-
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tion 100, is preferably formed using the same material as the
gate electrode of the transistor.

[0121] Note that the wiring included in the wiring group
112_1, the wiring included in the wiring group 112_2, the
wiring 113_1, and the wiring 113_2 are connected to a source
and drain electrode of the transistor in many cases, for
example. Accordingly, each of parts of the wiring included in
the wiring group 112_1, the wiring included in the wiring
group 112_2, the wiring 113_1, and the wiring 113_2, which
are connected to the digital-analog converter portion 100, is
preferably formed using the same material as a conductive
layer connected to a semiconductor layer in the transistor.
[0122] Note that although FIG. 1A shows a case where the
digital signal with N bits is converted into the first analog
signal and the second analog signal by the digital-analog
converter portion 100, this embodiment is not limited thereto.
As shown in FIG. 1B, the digital signal with N bits can be
converted into n (n is a natural number) analog signals.
[0123] The digital-analog converter portion 100 shown in
FIG. 1B is connected to the wiring group 111, wiring groups
112_1to 112 », and wirings 113_1 to 113 », for example.
[0124] Forexample, the first to nth voltage groups are input
to the wiring groups 112_1to 112_ » and first to nth analog
signals are output from the wirings 113_1to 113_».

[0125] Inaccordance with the digital signal with N bits, the
digital-analog converter portion 100 brings the wirings 113_1
to 113 » and ones of wirings in the wiring groups 112_1 to
112_» into conduction so that the potentials of the wirings
113_1 to 113_ » and ones of wirings in the wiring groups
112_1 to 112_ » are made to be the same. For example, in
accordance with the digital signal with N bits, the digital-
analog converter portion 100 brings a wiring 113_7 (i is one
of 1 to n) and one of a wiring group 112_ i into conduction so
that the potentials of the wiring 113 i and the one of the
wiring group 112 i are made to be the same. In this manner,
in the digital-analog converter portion 100, the potentials of
the wirings 113_1 to 113_ » are determined in accordance
with the digital signal with N bits and n voltage groups.
[0126] In this manner, the digital-analog converter portion
100 converts the digital signal with N bits into the n analog
signals (the firstto nth analog signals) and output the n analog
signals to the wirings 113_1 to 113__», respectively. In other
words, in accordance with the digital signal with N bits, the
digital-analog converter portion 100 selects ones of the
respective n voltage groups (the first to nth voltage groups)
and output the ones of the respective n voltage groups to the
wirings 113_1 to 113 », respectively.

[0127] Note that the magnitude relation of n, N, and M is
preferably n<N<M. However, this embodiment is not limited
to this.

[0128] Note that when the digital-analog converter portion
100 shown in FIG. 1B is used for a display device, a pixel is
divided into n subpixels in many cases. In that case, if nis a
large number, the number of subpixels becomes large,
whereby the area for one pixel is increased and resolution is
decreased in some cases. In order to prevent the decrease in
resolution, a magnitude relation of n<5 is preferable. A mag-
nitude relation of n<3 is more preferable because improve-
ment in a viewing angle is highly effective even when the
number of the subpixels is 3 or less. A magnitude relation of
n=2 is further preferable. However, this embodiment is not
limited to this.

[0129] Note that when the digital-analog converter portion
100 shown in FIG. 1B is used for a display device, the pixel is
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preferably divided into n subpixels. Then, n subpixels are
connected to the wirings 113_1 to 113 ». However, the n
subpixels can be connected to the wirings 113_1 to 113_»,
through a buffer. The digital-analog converter portion 100
outputs the n analog signals each corresponding to the digital
signal with N bits to the n subpixels through the wirings
113_1t0113_=»n

[0130] However, the wirings 113_1 to 113_ » can be con-
nected to pixels, or circuits other than subpixels; for example,
the wirings 113_1 to 113_» can be connected to a digital-
analog converter portion which is different from the digital-
analog converter portion 100. Then, the digital-analog con-
verter portion which is different from the digital-analog
converter portion 100 can be connected to the pixel or the
subpixel. For example, the digital-analog converter portion
100 functions as a DAC for a high-order bit, selects some
voltages, and outputs the voltages to the digital-analog con-
verter portion which is different from the digital-analog con-
verter portion 100. On the other hand, the digital-analog
converter portion which is different from the digital-analog
converter portion 100 functions as a DAC for a low-order bit,
divides some voltages output from the DAC (the digital-
analog converter portion 100) for the high-order bit by using
a resistor element or a capacitor element, generates a new
voltage, and outputs the new voltage to the pixel or the sub-
pixel. In this manner, the number of voltages in the voltage
group and the number of wirings in each of the wiring groups
112 1to 112 » can be reduced.

[0131] Note that as shown in FIG. 1C, the digital-analog
converter portion 100 can include n circuits which function as
digital-analog converter circuits (hereinafter referred to as
D/A converter circuits or DACs).

[0132] As the n circuits which function as the DACs, cir-
cuits 101_1 to 101_» are used. For example, as the circuits
101_1to 101__p, resistor ladder DACs, resistor string DACs,
current output DACs, delta-sigma DACs, ROM decoder
DACs, tournament DACs, DACs with a demultiplexer, or the
like can be used. However, this embodiment is not limited to
this.

[0133] The circuits 101_1 to 101_ 7 are connected to the
wiring group 111. The circuits 101_1to 101__r are connected
to the wiring groups 112_1 to 112_ », respectively. The cir-
cuits 101_1 to 101_» are connected to the wirings 113_1 to
113_ n, respectively. For example, a circuit 101 i (iis one of
1ton)is connected to the wiring group 111, the wiring 112__,
and the wiring 113_1.

[0134] For example, with respect to the digital signal with
N bits, the circuit 101__i brings the wiring 113__i and one of
the wiring group 112_j into conduction so that the potentials
thereof are made to be the same. In this manner, in the circuit
101 i, the potential of the wiring 113 i is determined with
respect to the digital signal with N bits and the input voltage
group.

[0135] Inthis manner, the circuit 101_ i converts the digital
signal with N bits into the analog signal and output the analog
signalto the wiring 113__i. In other words, in accordance with
the digital signal with N bits, the circuit 101__i selects ones of
the input voltage groups and outputs the one from the input
voltage groups to the wiring 113_1.

[0136] In this manner, in the digital-analog converter por-
tion of this embodiment, since one digital signal can be con-
verted into a plurality of analog signals, a look-up table can be
unnecessary. Therefore, heat generation or an increase in
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power consumption due to reading a look-up table from a
memory element can be prevented.

[0137] Further, for example, in the case where a video
signal is generated in a display device by using the digital-
analog converter portion of this embodiment, a portion for
generating the video signal and a pixel portion can be formed
over the same substrate. Accordingly, since the number of
connection between a panel and an external component can
be reduced, poor connection in the connection portion of the
panel and the external component can be suppressed,
whereby improvement in reliability, an increase in yield,
reduction in production cost, high-definition, or the like can
be achieved.

Embodiment 2

[0138] In this embodiment, one example of the digital-
analog converter portion 100 in which one digital signal is
converted into two analog signals as shown in FIG. 1A will be
described with reference to FIG. 2A.

[0139] The digital-analog converter portion 100 includes a
circuit 201, a circuit 202_1, and a circuit 202_2.

[0140] Thecircuit 201 is connected to the wiring group 111
and a wiring group 114. The circuit 202_1 is connected to the
wiring group 112_1, the wiring 113_1, and an output terminal
ofthe circuit 201. The circuit 202_2 is connected to the wiring
group 112_2, the wiring 113_2, and the output terminal of the
circuit 201.

[0141] The wiring group 114 includes a plurality of wir-
ings. For example, the wiring group 114 includes N wirings of
wirings 114_1 to 114_N.

[0142] An inverted digital signal is input to the wiring
group 114. Therefore, the number of bits of the inverted
digital signal corresponds to the number of wirings in the
wiring group 114 in many cases. For example, in the case
where the inverted digital signal has N bits, the number of the
wirings in the wiring group 114 is N. However, this embodi-
ment is not limited to this, and a variety of signals, voltages,
or currents can be input to the wiring group 114.

[0143] Note that the amplitude voltage of the inverted digi-
tal signal with N bits is preferably the same as an amplitude
voltage with N bits. However, this embodiment is no limited
to this.

[0144] Note that the wiring group 111 and the wiring group
114 can be connected through a circuit such as an inverter,
which has a function of inverting and outputting an input
signal. For example, a wiring 111_j (j is one of 1 to N) is
connected to an input terminal of the inverter, and a wiring
114_ is connected to an output terminal of the inverter. In
such a case, the digital signal with N bits which is to be input
to the wiring group 111 is inverted by the inverter and then
input to the wiring group 114. Accordingly, the inverted digi-
tal signal with N bits can be omitted.

[0145] Note that if the circuit 201 has a function of gener-
ating the inverted digital signal with N bits, the wiring group
114 can be omitted.

[0146] Note thatthe inverted digital signal with N bitsisnot
necessary depending on the configuration of the circuit 201.
In this case, the wiring group 114 can be omitted.

[0147] The circuit 201 function as a decoder circuit, for
example. As the circuit 201, a BCD-DEC (binary coded deci-
mal decoder) circuit, a BCD priority decoder circuit, an
address decoder circuit, or the like can be used. However, this
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embodiment is not limited to these. The circuit 201 may
include a plurality of logic circuits or a plurality of combina-
tional logic circuits.

[0148] The circuit 202_1 and the circuit 202_2 function as
selectors. For example, as the circuits 202_1 and the circuit
202_2, aselector circuit 202_1a and a selector circuit 202_2a
shown in FIG. 2A can be used, respectively.

[0149] The selector circuit 202_1a and the selector circuit
202_2q each include a plurality of terminals. For example, in
the case where the number of voltages in the first voltage
group or in the second voltage group is M, the number of the
terminals is (M+1). In the selector circuit 202_1a, first to Mth
terminals are connected to the wiring group 112_1 (wirings
112_11 to 112_1M, respectively), and the (M+1)th terminal
is connected to the wiring 113_1. On the other hand, in the
selector circuit 202_2a, first to Mth terminals are connected
to the wiring group 112_2 (wirings 112_21 to 112_2M,
respectively), and the (M+1)th terminal is connected to the
wiring 113_2.

[0150] The selector circuit 202_1a and the selector circuit
202_2a are controlled by an output signal of the circuit 201.
For example, in accordance with the output signal of the
circuit 201, the selector circuit 202_1a brings one of the
wiring group 112_1 and the wiring 113_1 into conduction,
and the selector circuit 202_2a brings one of the wiring group
112_2 and the wiring 113_2 into conduction.

[0151] Next, the operation of the digital-analog converter
portion 100 shown in FIG. 2A will be described.

[0152] Thedigital signal with N bits and the inverted digital
signal with N bits are input to the circuit 201.

[0153] The circuit 201 generates a digital signal in accor-
dance with the digital signal with N bits and the inverted
digital signal with N bits. In other words, the circuit 201
decodes (decrypts) the digital signal with N bits and the
inverted digital signal with N bits. Specifically, for example,
the circuit 201 inputs the digital signal with N bits and the
inverted digital signal with N bits to the plurality of logic
circuits or the plurality of combinational logic circuits to
control whether an output signal from each logic circuit is an
H signal or an L signal.

[0154] Since the number of bits of the digital signal gener-
ated by the circuit 201 is the same as the number of voltages
in the first voltage group or in the second voltage group in
many cases, the number of bits of the digital signal is set to be
M and the digital signal having M bits is referred to as a digital
signal with M bits. However, the number of bits of the digital
signal is not limited to M, and can be M bits or less, or M bits
or more.

[0155] Note that the amplitude voltage of the digital signal
with M bits is the same as that of the digital signal with N bits
in many cases. In such a case, a positive power supply voltage
and a negative power supply voltage used for the circuit 201
are preferably the same as the value of an H signal of the
digital signal with N bits and the value of an L signal of the
digital signal with N bits, respectively. However, in the case
where the circuit 201 has a level-shift function, the amplitude
voltage ofthe digital signal with M bits can be higher than that
of the digital signal with N bits.

[0156] After that, the circuit 201 inputs the digital signal
with M bits to the circuit 202_1 and the circuit 202_2 to
control the circuit 202_1 and the circuit 202_2.

[0157] Inspecific,in accordance with the digital signal with
M bits, the circuit 202_1 brings one of the wiring group 112_1
and the wiring 113_1 into conduction so that the potentials
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thereof are made to be the same. At the same time, in accor-
dance with the digital signal with M bits, the circuit 202_2
brings one of the wiring group 112_2 and the wiring 113_2
into conduction so that the potentials thereof are made to be
the same.

[0158] Inthis manner, the circuit 202_1 converts the digital
signal with M bits into a first analog signal and outputs the
first analog signal to the wiring 113_1. The circuit 202_2
converts the digital signal with M bits into the second analog
signal and outputs the second analog signal to the wiring
113_2. Alternatively, in accordance with the digital signal
with M bits, the circuit 202_1 selects one of the first voltage
group and outputs the one of the first voltage group to the
wiring 113_1 as the first analog signal Based on the digital
signal with M bits, the circuit 202_2 selects one of the second
voltage group and outputs the one of the second voltage group
to the wiring 113_2 as the second analog signal.

[0159] Note that the digital signal with N bits and the
inverted digital signal with N bits can be collectively denoted
as a first digital signal. Accordingly, the first digital signal
may include the digital signal with N bits and the inverted
digital signal with N bits in some cases. However, only the
digital signal with N bits can be denoted as the first digital
signal without including the inverted signal with N bits.
[0160] Note that the digital signal with M bits can be
denoted as a second digital signal. However, in the case where
the circuit 201 generates the digital signal with M bits and the
inverted signal of the digital signal with M bits (hereinafter
such an inverted digital signal is referred to as an inverted
digital signal with M bits), the digital signal with M bits and
the inverted digital signal with M bits can be collectively
denoted as the second digital signal.

[0161] Note that the number of elements (e.g., a switch and
a transistor) included in the circuit 201 is preferably larger
than the number of elements included in the circuit 202_1 or
the number of elements included in the circuit 202_2. Accord-
ingly, the number of the elements included in the circuit
202 1 and the number of the elements included in the circuit
202_2 are reduced, whereby downsizing of a circuit scale can
be achieved. However, this invention is not limited to this, and
the number of the elements included in the circuit 201 can be
smaller than the number of the elements included in the
circuit 202_1 or the circuit 202_2.

[0162] Note that as described in FIG. 1B, also in FIG. 2A,
the digital-analog converter portion 100 can convert the digi-
tal signal with N bits into n analog signals. In this case, for
example, the circuit 201 and circuits 202_1t0202_ nare used
as shown in FIG. 3

[0163] The circuits 202_1 to 202_ » are connected to the
wiring groups 112_1 to 112__», respectively, and the wirings
113_1to 113 »n, respectively, and the output terminal of the
circuit 201. For example, a circuit 202__i (iis one of 1 to n) is
connected to the output terminal of the circuit 201, the wiring
group 112_ i, and the wiring 113_ 7.

[0164] Each of'the circuits 202_1 to 202__» corresponds to
the circuit 202_1 or the circuit 202_2 shown in FI1G. 2A.
[0165] Next, specific examples of the circuit 201, the circuit
202_1, and the circuit 202_2 shown in FIG. 2A will be
described with reference to FIG. 4A.

[0166] The circuit 201 includes a plurality of logic circuits.
The number of logic circuits corresponds to the number of the
voltages in the first voltage group or the number of the volt-
ages in the second voltage group in many cases. Accordingly,
for example, in the case where the number of the voltages in
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the first voltage group or the number of the voltages in the
second voltage group is M, the circuit 201 includes M logic
circuits of logic circuits 203_1 to 203_M.

[0167] The logic circuits 203_1 to 203_M each include a
plurality of input terminals and one output terminal. The
number of input terminals corresponds to the number of the
wirings in the wiring group 111 or the number of the wirings
in the wiring group 114 in many cases. Accordingly, for
example, in the case where the number of the wirings in the
wiring group 111 or the number of the wirings in the wiring
group 114 is N, the logic circuits 203_1 to 203_M each
include N input terminals. However, in the case where wit-
ings different from those of the wiring group 111 and the
wiring group 114 are connected to the logic circuits 203_1 to
203_M, the number of input terminals corresponds to the sum
of the different wirings and the number of the wirings in the
wiring group 111 or the number of the wirings in the wiring
group 114 in many cases.

[0168] Thecircuit201_1 and the circuit 201_2 each include
a plurality of switches. The number of switches corresponds
to the number of the voltages in the first voltage group or the
number of the voltages in the second voltage group in many
cases. Accordingly, for example, in the case where the num-
ber of the voltages in the first voltage group or the number of
the voltages in the second voltage group is M, the circuit
202_1 includes M switches of switches 204_11 to 204_1M,
and the circuit 202_2 includes M switches of switches 204_
21 to 204_2M.

[0169] The N input terminals of the logic circuits 203_1 to
203_M are connected to the wirings 111_1 to 111_N or the
wirings 114_1 to 114_N. For example, jth (j is one of 1 to N
or anatural number) input terminal of alogic circuit 203__% (k
is one of 1 to M) is connected to the wiring 111_j or the
wiring 114_j. All the logic circuits 203_1 to 203_M have
different combinations of the input terminal and the wiring.
For example, 2N combinations can be given at a maximum.
However, input terminals in some logic circuits can have the
same connection relation. Accordingly, M<2N is preferable.
In addition, M=2N is more preferable.

[0170] Output terminals of the logic circuits 203_1 to
203 M are connected to control terminals of the switches
204_11 to 204_1M, respectively, and control terminals of the
switches 204_21 to 204_2M, respectively. For example, an
output terminal of the logic circuit 203__% is connected to a
control terminal of a switch 204_1% and the control terminal
of a switch 204_2k.

[0171] First terminals of the switches 204_11 to 204_1M
are connected to the wirings 112_11to 112_1M, respectively.
Second terminals of the switches 204 11 to 204_1M are all
connected to the wiring 113_1. For example, the first terminal
of the switch 204_1kis connected to awiring 112_1%, and the
second terminal of the switch 204 _1k is connected to the
wiring 113_1. However, the second terminals of the switches
204_11 to 204_1M can be connected to their respective wit-
ings.

[0172] First terminals of the switches 204_21 to 204_2M
are connected to the wirings 112_21to 112_2M, respectively.
Second terminals of the switches 204 21 to 204_2M are all
connected to the wiring 113_2. For example, the first terminal
of the switch 204_2kis connected to awiring 112_2%, and the
second terminal of the switch 204_2k is connected to the
wiring 113_2. However, the second terminals of the switches
204_21 to 204_2M can be connected to their respective wir-
ings.



US 2016/0005373 Al

[0173] Next, the operation of the digital-analog converter
portion 100 shown in FIG. 4A will be described.

[0174] Thedigital signal with N bits and the inverted digital
signal with N bits are input to the N input terminals of the
logic circuits 203_1 to 203_M. For example, the digital signal
with jth bit or the inverted digital signal with jth bit is input to
the jth input terminal of each of the logic circuits 203_1 to
203_M.

[0175] Thelogic circuits 203_1 to 203_M each output an H
signal or an L. signal in accordance with a combination of the
digital signal with N bits and the inverted digital signal with N
bits input to each of the logic circuit 203_1 to 203_M. The
output signals from these logic circuits 203_1 to 203_M
correspond to the digital signals with M bits described in FIG.
2A.

[0176] After that, the logic circuits 203_1 to 203_M input
the digital signals with M bits to the control terminals of the
switches 204_11 to 204_1M and the control terminals of the
switches 204_21 to 204_2M so that on and off of the switches
204 11 1o 204_1M and the switches 204 21 to 204 2M are
controlled. For example, the logic circuit 203_ % (k is one of
1 to M) inputs the digital signal to the control terminal of the
switch 204_1% and the control terminal of the switch 204_2k
so that on and off of the switches 204 1k and 204 2k are
controlled. Accordingly, the timings of turning on and off the
switches 204_1k and 204_2% are approximately the same.
[0177] In specific, when one of the switches 204_11 to
204_1M is turned on in accordance with the digital signal
with M bits, the switches 204_11 to 204_1M bring one ofthe
wiring group 112_1 and the wiring 113_1 into conduction so
that the potentials thereof are made to be the same. At the
same time, when one of the switches 204_21 to 204_2M is
turned on with respect to the digital signal with M bits, the
switches 204_21 to 204_2M bring one of the wiring group
112_2 and the wiring 113_2 into conduction so that the poten-
tials thereof are made to be the same.

[0178] Note that in the case where each of the switches is
turned on when an H signal is input to the control terminal, it
is preferable that one of the logic circuits 203_1 to 203_M
output the H signal in order to turn on one of the switches
204 11 to 204_1M and one of the switches 204 21 to 204_
2M on, and that the other logic circuits 203_1 to 203_M
output L signals.

[0179] On the other hand, in the case where each of the
switches is turned on when an L signal is input to the control
terminal, it is preferable that one of the logic circuits 203_1 to
203_M output the L signal in order to turn on one of the
switches 204 11 to 204_1M and one of the switches 204 21
to 204_2M on, and that the other logic circuits 203_1 to
203_M output H signals.

[0180] Note that the number of switches included in the
circuit 202_1 corresponds to the number of switches included
in the circuit 202_2 in many cases. However, the number of
switches included in the circuit 202_1 can be different from
that of switches included in the circuit 202_2.

[0181] Note that as the logic circuits 203_1 to 203_M, for
example, one of AND circuits, OR circuits, NAND circuits,
NOR circuits, XOR circuits, XNOR circuits, and the like, or
combinational logic circuits of some of them can be used.
[0182] Note that as the switches 204_11 to 204_1M and the
switches 204_21 to 204_2M, for example, p-channel transis-
tors, n-channel transistors, or CMOS switches in which
p-channel transistors and n-channel transistors are combined
can be used. Note that gate, a first terminal (one of source and
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drain), and a second terminal (the other of source and drain)
of each transistor correspond to the control terminal. the first
terminal, and the second terminal of each of the switches,
respectively, and have the same connection structure.

[0183] For example, the digital-analog converter portion
100 in the case where n-channel transistors are used as the
switches shown in FIG. 4A will be shown in FIG. 4B.
[0184] Transistors 204_11a to 204_1Ma correspond to the
switches 204_11 to 204_1M, respectively, and are n-channel
transistors. Transistors 204_21a to 204_2Ma correspond to
the switches 204_21to 204_2M and are n-channel transistors.
[0185] NOR circuits 203_1a to 203_Ma correspond to the
logic circuits 203_1 to 203_M, respectively. The NOR cir-
cuits are used because n-channel transistors are turned on
when H signals are input to gate, and also because the NOR
circuits output H signals when input signals are all L signals
and the logic circuits output L signals when one of input
signals is an H signal. However, this embodiment is not lim-
ited to this. For example, as the logic circuits 203_1 to 203_
M, AND circuits, circuits in which NAND circuits and invert-
ers are connected in series, a variety of combinational logic
circuits, or the like can be used.

[0186] In order to make switching noise of the first analog
signals approximately the same no matter which transistor is
turned on and which voltage is selected, for example, the
ratios of W/L (W is channel width and L is channel length) of
the transistors 204_11a to 204_1Ma are preferably the same.
Accordingly, in the case where the digital-analog converter
portion 100 shown in FIG. 4B is used for a display device, a
first subpixel expresses gray levels in accordance with the first
analog signal with approximately the same switching noise
no matter which transistor is turned on. Therefore, the adverse
effect due to the switching noise of the first analog signal can
be reduced. However, this embodiment is not limited to this.
For example, when the ratio of W/L of the transistor 204_1ka
is W/L1a(k), the following is possible: W/L1a(k-1)<W/L1a
(k)<W/L1la(k+1). At that time, when the potential of the first
terminal (the potential of the wiring 112_1k) is V1a(k), the
following is preferable: V1a(k-1)<V1a(k)<V1a(k+1).
[0187] Like the transistors 204_11a to 204_1Ma, for
example, the ratios of W/L (W is channel width and L is
channel length) of the transistors 204_21a to 204_2Ma are
preferably the same. However, this embodiment is not limited
to this. For example, when the ratio of W/L of the transistor
204_2ka is W/L2a(k), the following is possible: W/L.2a(k-1)
<W/L2a(k)<W/L2a(k+1). At that time, when the potential of
the first terminal (the potential of the wiring 112_1k) is V2a
(k), the following is preferable: V2a(k-1)<V2a(k)<V2a(k+
D).

[0188] In order to make switching noise of the first analog
signal approximately the same as that of the second analog
signal, for example, the ratio of W/L of the transistor 204_1ka
and the ratio of W/L of the transistor 204_2ka are preferably
the same. Accordingly, in the case where the digital-analog
converter portion 100 shown in FIG. 4B is used for a display
device, the first subpixel and a second subpixel express gray
levels in accordance with their respective signals with
approximately the same switching noise. Therefore, the
adverse effect due to the switching noise of the signals can be
reduced. However, this embodiment is not limited to this.
[0189] The value of an H signal which is an output signal
from the circuit 201 is preferably larger than the maximum
value of the first voltage group and the maximum value of the
second voltage group, for example, so that a voltage (Vgs)
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between gate and source becomes high when each transistor
is turned on. In this manner, the size of each transistor can be
small. On the other hand, for example, when each transistor is
turned off, the voltage (Vgs) between the gate and the source
may be equal to or lower than a threshold voltage. Accord-
ingly, the value of an L signal which is an output signal from
the circuit 201 is preferably equal to or smaller than the
minimum value of the first voltage group or the minimum
value of the second voltage group, whichever is smaller, so
that the amplitude of the output signal from the circuit 201 is
made to be small. In this manner, a reduction in power con-
sumption can be achieved.

[0190] For example, the digital-analog converter portion
100 in the case where p-channel transistors are used as the
switches shown in FIG. 4A will be shown in FIG. 5A.
[0191] Transistors 204_115 to 204_1Mb correspond to the
switches 204_11 to 204_1M and are p-channel transistors.
Transistors 204_215 to 204_2Mb correspond to the switches
204 _21 to 204_2M and are p-channel transistors.

[0192] NAND circuits 203_15 to 203_Mb correspond to
the logic circuits 203_1 to 203_M. The NAND circuits are
used because p-channel transistors are turned on when L
signals are input to gate, and also because the NAND circuit
output L signals when input signals are all H signals and the
NAND circuits output H signals when one of input signals is
an L signal. However, this embodiment is not limited to this.
For example, as the logic circuits 203_1 to 203_M, OR cir-
cuits, circuits in which NOR circuits and inverters are con-
nected in series, a variety of combinational logic circuits, or
the like can be used.

[0193] Like the transistors 204_11a to 204_1Ma shown in
FIG. 4B, the ratios of W/L (W is channel width and L is
channel length) of the transistors 204_215 to 204_2Mb are
preferably the same. However, this embodiment is not limited
to this. For example, when the ratio of W/L of the transistor
204_1kbis W/L1b(k), the following is preferable: W/L15(k-
1)<W/L1b(k)<W/L1b(k+1). At that time, when the potential
of the first terminal (the potential of the wiring 112_1k) of the
transistor 204_1kb is V1b(k), the following is preferable:
V1b(k-1)>V1b(k)>V1b(k+1).

[0194] Like the transistors 204_21a to 204_2Ma shown in
FIG. 4B, the ratios of W/L (W is channel width and L is
channel length) of the transistors 204_215 to 204_2Mb are
preferably the same. However, this embodiment is not limited
to this. For example, when the ratio of W/L of the transistor
204_2kb is W/L2b(k), the following is preferable: W/L2b(k-
1)<W/L2b(k)<W/L2b(k+1). At that time, when the potential
of the first terminal (the potential of the wiring 112_1k) of the
transistor 204_2kb is V2b(k), the following is preferable:
V2b(k-1)>V2b(k)>V2b(k+1).

[0195] As in FIG. 4B, the ratio of W/L of the transistor
204 1kb and the ratio of W/L of the transistor 204 2kb are
preferably the same. However, this embodiment is not limited
to this.

[0196] The value of an L signal which is an output signal
from the circuit 201 is preferably smaller than the minimum
value of the first voltage group and the minimum value of the
second voltage group, for example, so that the absolute value
of a voltage (Vgs) between gate and source becomes large
when each transistor is turned on. In this manner, the size of
each transistor can be small. On the other hand, for example,
when each transistor is turned off, the absolute value of the
voltage (Vgs) between the gate and the source may be equal
to or smaller than the absolute value of a threshold voltage.
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Accordingly, the value of an H signal which is an output
signal from the circuit 201 is preferably equal to or larger than
the maximum value of the first voltage group or the maximum
value of the second voltage group, whichever is larger, so that
the amplitude ofthe output signal from the circuit 201 is made
to be small. In this manner, a reduction in power consumption
can be achieved.

[0197] Note that a CMOS switch can be used as each
switch. In the structure of each CMOS switch, a first terminal
of an n-channel transistor and a first terminal of a p-channel
transistor are connected to each other and a second terminal of
the n-channel transistor and a second terminal of the p-chan-
nel transistor are connected to each other. Gate of the p-chan-
nel transistor and gate of the n-channel transistor are con-
nected to their respective wirings. For example, the gate of the
p-channel transistor is connected to the output terminal of the
logic circuit 203__k and the gate of the n-channel transistor is
connected to the output terminal of the logic circuit 203 %
through a circuit such as an inverter, which has a function of
inverting an input signal. Alternatively, the gate of the p-chan-
nel transistor is connected to the output terminal of the logic
circuit 203_ £ through a circuit such as an inverter, which has
a function of inverting an input signal and the gate of the
n-channel transistor is connected to the output terminal of the
logic circuit 203__%.

[0198] In the case where the CMOS switch is used as each
switch, the value of the H signal which is an output signal
from the circuit 201 may be approximately equal to or larger
than the maximum value of the first voltage group or the
maximum value of the second voltage group, whichever is
larger. The value of the L signal which is an output signal from
the circuit 201 may be approximately equal to or smaller than
the minimum value of the first voltage group or the minimum
value of the second voltage group, whichever is smaller.
Accordingly, a reduction in power consumption can be
achieved because the amplitude voltage of the output signal
of the circuit 201 is decreased.

[0199] Note that although the case where the digital-analog
converter portion 100 includes the plurality of logic circuits
and the plurality of switches is described, this embodiment is
not limited thereto. The digital-analog converter portion 100
may include a logic circuit having a plurality of (e.g., N) input
terminals and one output terminal, a first switch, and a second
switch. In the logic circuit, one input terminal (e.g., a jth input
terminal) is connected to a first wiring or a second wiring and
an output terminal is connected to a control terminal of the
first switch and a control terminal of the second switch. A first
terminal of the first switch is connected to a third wiring and
a second terminal of the first switch is connected to a fourth
wiring. A first terminal of the second switch is connected to a
fifth wiring and a second terminal of the second switch is
connected to a sixth wiring.

[0200] Note that the first wiring, the second wiring, the
third wiring, the fourth wiring, the fifth wiring, and the sixth
wiring correspond to one of the wirings included in the wiring
group 111, one of the wirings included in the wiring group
114, one of the wirings included in the wiring group 112_1,
the wiring 113_1. one of the wiring group 112_2, and the
wiring 113_2, respectively. The first switch and the second
switch correspond to one of the switches 204_11 to 204_1M
and one of the switches 204_21 to 204_2M, respectively.
[0201] Note that as described in FIG. 1B and FIG. 3, the
digital-analog converter portion 100 can convert the digital
signal with N bits into n analog signals also in FIG. 4B. In this
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case, for example, the circuit 201 and the circuits 202_1 to
202 1 are used as shown in FIG. 5B.

[0202] The circuits 202_1 to 202_ » each include a plural-
ity of switches. For example, the circuit 202_ i includes
switches 204 _i1 to 204_iM. The switches 204_i1 to 204 _iM
correspond to the switches 204_11to 204_1M or the switches
204 21 t0 204 2M shown in FIG. 4A.

[0203] First terminals of the switches 204_i1 to 204_iM are
connected to the wiring group 112__i, second terminals of the
switches 204_il to 204_iM are all connected to the wiring
113_ i, and control terminals of the switches 204_i1 to 204_
iM are connected to the output terminals of the circuit 201.
[0204] As described above, since the digital-analog con-
verter portion of this embodiment can convert one digital
signal into a plurality of analog signals, a look-up table can be
unnecessary. Therefore, heat generation or an increase in
power consumption due to reading a look-up table from a
memory element can be prevented.

[0205] Further, for example, in the case where a video
signal is generated in a display device by using the digital-
analog converter portion of this embodiment, a portion for
generating the video signal and a pixel portion can be formed
over the same substrate. Accordingly, since the number of
connection between a panel and an external component can
be reduced, poor connection in the connection portion of the
panel and the external component can be suppressed,
whereby improvement in reliability, an increase in yield,
reduction in production cost high-definition, or thelike can be
achieved.

Embodiment 3

[0206] In this embodiment, one example of the digital-
analog converter portion 100 which can separately set the
polarity of each analog signal will be described with refer-
ence to FIG. 6A.

[0207] Inorder to separately set the polarity of each analog
signal, for example, the digital-analog converter portion 100
has a first mode and a second mode. Even when the digital
signals with N bits are input, the values (polarities) of the
analog signals are different from each other in the first mode
and the second mode in many cases.

[0208] For example, each analog signal has a positive
potential in the first mode and has a negative potential in the
second mode. Accordingly, the polarity of each analog signal
can be separately set. However, this embodiment is not lim-
ited to this. The values and the polarities of the analog signals
are the same in the first mode and the second mode in some
cases. Alternatively, the values of the analog signals can be
different from each other in the first mode and the second
mode.

[0209] In order to switch the first mode and the second
mode to each other, a selecting signal is input, for example.
Thus, the digital-analog converter portion 100 is connected to
awiring 115, for example. The selecting signal is input to the
wiring 115. The selecting signal is a digital signal and has a
function of selecting whether the digital-analog converter
portion 100 is operated with the first mode or the second
mode, for example. However, in the case where the digital
signal with N bits has the same function as the selecting
signal, the selecting signal can be omitted.

[0210] Note that an inverted signal of the selecting signal
(hereinafter such asignal is referred to as aninverted selecting
signal) can be input to the digital-analog converter portion
100. In this case, for example, a new wiring is connected to the

Jan. 7,2016

digital-analog converter portion 100 and the inverted select-
ing signal is input to the digital-analog converter portion 100
through this wiring. This wiring can function as a signal line,
for example. Note that the terms “a selecting signal” mean a
selecting signal and also an inverted selecting signal in some
cases.

[0211] Note that since the selecting signal and the inverted
selecting signal are input to the circuit which is the same as
that receives the digital signal with N bits, for example, the
amplitude voltage of the selecting signal and the amplitude
voltage of the inverted selecting signal are preferably the
same as that of the digital signal with N bits. However, this
embodiment is not limited to this.

[0212] Inorder to separately set the polarity of each analog
signal, a positive first voltage group, a negative first voltage
group, a positive second voltage group, and a negative second
voltage group are input to the digital-analog converter portion
100. In this embodiment, by increasing the number of wir-
ings, these voltage groups are input to the digital-analog
converter portion 100 at the same time. For example, the
positive first voltage group, the negative first voltage group,
the positive second voltage group, and the negative second
voltage group are input to a wiring group 112p_1, a wiring
group 112r_1, a wiring group 112p_2, and a wiring group
112n_2, respectively.

[0213] Note that the wiring group 112p_1 and the wiring
group 112x_1 canbe collectively denoted as the wiring group
112_1. Also, the wiring group 112p_2 and the wiring group
1127_2 can be collectively denoted as the wiring group 112_
2.

[0214] Note that the positive first voltage group and the
negative first voltage group can be collectively denoted as the
first voltage group. Also, the positive second voltage group
and the negative second voltage group can be collectively
denoted as the second voltage group.

[0215] Note that the minimum voltage of the positive first
voltage group and the maximum voltage of the negative first
voltage group are the same in some cases. Similarly, the
minimum voltage of the positive second voltage group and
the maximum voltage of the negative second voltage group
are the same in some cases.

[0216] Next, the operation of the digital-analog converter
portion 100 shown in FIG. 6 A will be described.

[0217] The digital signal with N bits, the positive first volt-
age group, the negative first voltage group, the positive sec-
ond voltage group, the negative second voltage group, and the
selecting signal are input to the digital-analog converter por-
tion 100.

[0218] In the first mode, in accordance with the digital
signal with N bits, the digital-analog converter portion 100
brings one of the wiring group 112p_1 and the wiring 113_1
into conduction so that the potentials thereof are the same. At
the same time, in accordance with the digital signal with N
bits, the digital-analog converter portion 100 brings one of the
wiring group 112p_2 and the wiring 113_2 into conduction so
that the potentials thereof are made to be the same.

[0219] In this manner, in the first mode, the digital-analog
converter portion 100 converts the digital signal with N bits
into a positive first analog signal and a positive second analog
signal. Alternatively, in accordance with the digital signal
with N bits, the digital-analog converter portion 100 outputs
one of the positive first voltage group to the wiring 113_1 as
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the positive first analog signal and outputs one of the positive
second voltage group to the wiring 113_2 as the positive
second analog signal.

[0220] On the other hand, in the second mode, in accor-
dance with the digital signal with N bits, the digital-analog
converter portion 100 brings one of the wiring group 112_1
and the wiring 113_1 into conduction so that the potentials
thereof are made to be the same. At the same time, in accor-
dance with the digital signal with N bits, the digital-analog
converter portion 100 brings one of the wiring group 112_2
and the wiring 113_2 into conduction so that the potentials
thereof are made to be the same.

[0221] In this manner, in the second mode, the digital-
analog converter portion 100 converts the digital signal with
N bits into a negative first analog signal and a negative second
analog signal. Alternatively, in accordance with the digital
signal with N bits, the digital-analog converter portion 100
outputs one of the positive first voltage group to the wiring
113_1 as the negative first analog signal and outputs one of
the negative second voltage group to the wiring 113_2 as the
negative second analog signal.

[0222] Note that in the digital-analog converter portion
100, the polarities of the first analog signal and the second
analog signal can be set to be different from each other in each
mode. Inorder to realize this, for example, the positive second
voltage group is input to the wiring group 1127_2 and the
negative second voltage group is input to the wiring group
112p_2.

[0223] Next, one example of the digital-analog converter
portion 100 shown in FIG. 6A will be described with refer-
ence to FI1G. 6B.

[0224] The digital-analog converter portion 100 includes a
circuit 201p, a circuit 201, a circuit 202p_1, a circuit 2027_
1, a circuit 202p_2, and a circuit 202r_2.

[0225] The circuit 201p and the circuit 201z correspond to
the circuit 201 shown in FIG. 4A. The circuit 202p_1 and the
circuit 202x_1 correspond to the circuit 202_1 shown in FIG.
4A. The circuit 202p_2 and the circuit 202x_2 correspond to
the circuit 202_2 shown in FIG. 4A.

[0226] Note thatthe circuit 201p and the circuit 201z can be
collectively denoted as a first circuit. The circuit 202p_1 and
the circuit 202»_1 can be collectively denoted as a second
circuit. The circuit 202p_2 and the circuit 202z_2 can be
collectively denoted as a third circuit.

[0227] The circuit 201p is connected to the wiring group
111, the wiring group 114, and the wiring 115. The circuit
201# is connected to the wiring group 111, the wiring group
114, and the wiring 116. The circuit 202p_1 is connected to
the wiring group 112p_1, the wiring 113_1, and an output
terminal of the circuit 201p. The circuit 2027_1 is connected
to the wiring group 1127_1, the wiring 113_1, and an output
terminal of the circuit 201x. The circuit 202p_2 is connected
to the wiring group 112p_2, the wiring 113_2, and the output
terminal of the circuit 201p. The circuit 20272_2 is connected
to the wiring group 112x_2, the wiring 113_2, and the output
terminal of the circuit 2017.

[0228] An inverted selecting signal is input to the wiring
116, for example. However, the wiring 115 and the wiring 116
are connected to each other through an inverter, so that a
selecting signal input to the wiring 115 is inverted by the
inverter and input to the wiring 116. In this manner, the
inverted selecting signal can be omitted.

[0229] Next, the operation of the digital-analog converter
portion 100 shown in FIG. 6B will be described.

Jan. 7,2016

[0230] The digital signal with N bits, the inverted digital
signal with N bits, and the selecting signal are input to the
circuit 201p and the digital signal with N bits, the inverted
digital signal with N bits, and the inverted selecting signal are
input to the circuit 2017

[0231] Like the circuit 201 shown in FIG. 2A, the circuit
201p converts the digital signal with N bits, the inverted
digital signal with N bits, and the selecting signal into digital
signals. The circuit 201» converts the digital signal with N
bits, the inverted digital signal with N bits, and the inverted
selecting signal into digital signals.

[0232] Likethe circuit 201in FIG. 2A, the number ofbits of
the digital signal generated in this circuit 201p and the num-
ber of bits of the digital signal generated in the circuit 2027
correspond to the number of the voltages in the positive first
voltage group, the number of the voltages in the negative first
voltage group, the number of the voltages in the positive
second voltage group, or the number of voltages in the nega-
tive second voltage group in many cases. Accordingly, for
example, in the case where the number of these voltages is M,
the number of bits of the digital signal generated in this circuit
201p and the number of bits of the digital signal generated in
the circuit 202» are M, like the circuit 201 shown in FIG. 2A.
Here, the digital signal generated in the circuit 201p is
denoted as a first digital signal with M bits and the digital
signal generated in the circuit 201z is denoted as a second
digital signal with M bits.

[0233] After that, the circuit 201p inputs the first digital
signal with M bits to the circuit 202p_1 and the circuit 202p_2
so that the circuit 202p_1 and the circuit 202p_2 are con-
trolled. The circuit 2017 inputs the second digital signal with
M bits to the circuit 2027_1 and the circuit 202x_2 so that the
circuit 202%_1 and the circuit 2027_2 are controlled.

[0234] In specific, in the first mode, the circuit 202p_1
brings one of the wiring group 112p_1 and the wiring 113_1
into conduction in accordance with the first digital signal with
M bits, so that the potentials thereof are the same. At the same
time, the circuit 202p_2 brings one of the wiring group
112p_2 and the wiring 113_2 into conduction in accordance
with the first digital signal with M bits, so that the potentials
thereof are made to be the same. At that time, the circuit
202n_1 brings the wiring group 112x_1 and the wiring 113_1
into non-conduction, and the circuit 2027_2 brings the wiring
group 112»_2 and the wiring 113_2 into non-conduction.
[0235] 1In this manner, in the first mode, the circuit 202p_1
converts the first digital signal with M bits into the positive
first analog signal and outputs the positive first analog signal
to the wiring 113_1. The circuit 202p_2 converts the first
digital signal with M bits into the positive second analog
signal and outputs the positive second analog signal to the
wiring 113_2. Alternatively, in the first mode, the circuit
202p_1 outputs one of the positive first voltage group to the
wiring 113_1 as the positive first analog signal in accordance
with the first digital signal with M bits. The circuit 202p_2
outputs one of the positive second voltage group to the wiring
113_2 as the positive second analog signal in accordance with
the first digital signal with M bits.

[0236] On the other hand, in the second mode, the circuit
202n_1 brings one of the wiring group 112r_1 and the wiring
113_1 into conduction in accordance with the second digital
signal with M bits, so that the potentials thereof are made to be
the same. At the same time, the circuit 2027_2 brings one of
the wiring group 112#_2 and the wiring 113_2 into conduc-
tion in accordance with the second digital signal with M bits,
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so that the potentials thereof are made to be the same. At that
time, the circuit 202p_1 brings the wiring group 112p_1 and
the wiring 113_1 into non-conduction, and the circuit 202p_2
brings the wiring group 112p_2 and the wiring 113_2 into
non-conduction.

[0237] In this manner, in the second mode, the circuit
202n_1 converts the second digital signal with M bits into the
negative first analog signal and outputs the negative first
analog signal to the wiring 113_1. The circuit 202»_2 con-
verts the second digital signal with M bits into the negative
second analog signal and outputs the negative second analog
signal to the wiring 113_2. Alternatively, in the second mode,
the circuit 202z_1 outputs one of the negative first voltage
group to the wiring 113_1 as the negative first analog signal in
accordance with the second digital signal with M bits. The
circuit 2027_2 outputs one of the negative second voltage
group to the wiring 113_2 as the negative second analog
signal with respect to the second digital signal with M bits.
[0238] Note that the first digital signal with M bits and the
second digital signal with M bits each correspond to the
digital signal with M bits described in FIG. 2A.

[0239] Note that the first digital signal with M bits and the
second digital signal with M bits can be collectively denoted
as a second digital signal.

[0240] Note that the selecting signal can be denoted as a
third digital signal. However, the selecting signal and the
inverted selecting signal can be collectively denoted as the
third digital signal.

[0241] No that the polarities of the first analog signal and
the second analog signal can be different from each other. For
example, in order to achieve this, the positive second voltage
group is input to the wiring group 112x_2 and the negative
second voltage group is input to the wiring group 112p_2.
[0242] Next, with reference to FIG. 7, specific examples of
the circuits 201p, 201n, 202p_1, 202n_1, 202p_2, and
202n_2 in FIG. 6B will be described.

[0243] Like the circuit 201 shown in FIG. 4A, the circuit
201p includes a plurality of logic circuits, for example, logic
circuits 203p_1to 203p_M. The circuit 201# includes a plu-
rality of logic circuits, for example, logic circuits 203z_1 to
203n_M.

[0244] Like the logic circuits 203_1 to 203_M shown in
FIG. 4A, the logic circuits 203p_1 to 203p_M and the logic
circuits 203x_1 to 203z_M each include a plurality of input
terminals. For example, since the circuit 201p is connected to
the wiring 115 as well as the wiring group 111 and the wiring
group 114 and the circuit 2017 is connected to the wiring 116,
the number of the input terminals is (N+1).

[0245] Like the circuit 202_1 shown in FIG. 4A, the circuit
202p_1 includes a plurality of switches, for example,
switches 204p_11 to 204p_1M. The circuit 202z_1 includes
a plurality of switches, for example, switches 2047_11 to
204n_1M.

[0246] Like the circuit 202_2 shown in FIG. 4A, the circuit
202p_2 includes a plurality of switches, for example,
switches 204p_21 to 204p_2M. The circuit 202z_2 includes
a plurality of switches, for example, switches 2047_21 to
204n_2M.

[0247] An output terminal of a logic circuit 203p_k is con-
nected to a control terminal of a switch 204p_1%and a control
terminal of a switch 204p_2k. An output terminal of a logic
circuit 203#_k is connected to a control terminal of a switch
2047_1k and a control terminal of a switch 204n_2k
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[0248] A first terminal of the switch 204p_1% is connected
to awiring 112p_1%. A second terminal of the switch 204p_1%
is connected to a wiring 113_1. A first terminal of the switch
204n_1kis connected to awiring 112z_1%. A second terminal
of the switch 204r_1k is connected to the wiring 113_1. A
first terminal of the switch 204p_2k is connected to a wiring
112p_2k. A second terminal of the switch 204p_2k is con-
nected to awiring 113_2. A first terminal of the switch 2047_
2kis connected to a wiring 112x_2k. A second terminal of the
switch 204n_2k is connected to a wiring 113_2.

[0249] Next, the operation of the digital-analog converter
portion 100 shown in FIG. 7 will be described.

[0250] The digital signal with N bits, the inverted digital
signal with N bits, and the selecting signal are input to the
logic circuits 203p_1t0203p_M, and the digital signal with N
bits, the inverted digital signal with N bits, and the inverted
selecting signal are input to the input terminals of the logic
circuits 2037z_1 to 203z_M.

[0251] Thelogic circuits 203p_1 to 203p_M each output an
H signal or an L signal in accordance with a combination of
the digital signal with N bits and the inverted digital signal
with N bits input. The logic circuits 2037_1 to 203z_M each
output an H signal or an L signal in accordance with a com-
bination of the digital signal with N bits and the inverted
digital signal with N bits input.

[0252] Forexample, in the case where each switch is turned
on when an H signal is input to the control terminal of the
switch, in the first mode, one of the logic circuits 203p_1 to
203p_M outputs an H signal, and the logic circuits 203z_1 to
2037_M and the other of the logic circuits 203p_1to 203p_M
all output L signals. On the other hand, in the second mode,
one of the logic circuits 203z_1 to 203z_M outputs an H
signal, and the logic circuits 203p_1 to 203p_M and the other
of the logic circuits 2037_1 to 203z_M all output L signals.

[0253] Inanother example, in the case where each switch is
turned on when an L signal is input to the control terminal of
the switch, in the first mode, one of the logic circuits 203p_1
to 203p_M outputs an L signal, and the logic circuits 203r_1
to 2037z_M and the other of the logic circuits 203p_1 to
203p_M all output H signals. On the other hand, in the second
mode, one of the logic circuits 2037_1 to 203z M outputs an
L signal, and the logic circuits 203p_1 to 203p_M and the
other of the logic circuits 2037_1 to 203z_M all output H
signals.

[0254] Note that output signals of the logic circuits 203p_1
to 203p_M correspond to the first digital signal with M bits in
FIG. 6B. Output signals of the logic circuits 203x_1 to
203»_M correspond to the second digital signal with M bits in
FIG. 6B.

[0255] After that, the logic circuits 203p_1 to 203p_M
input the first digital signals with M bits to control terminals
of the switches 204p_11to 204p_1M and control terminals of
switches the 204p_21 to 204p_2M, so that on and off of the
switches 204p_11 to 204p_1M and the switches 204p_21 to
204p_2M are controlled. For example, the logic circuit
203p_k (kis one of 1 to M) inputs the digital signal to the
control terminal of the switch 204p_1% and the control termi-
nal of the switch 204p_2£, so that on and off of the switches
204p_1kand 204p_2kis controlled. Accordingly, the timings
of on and off of the switch 204p_1k and the switch 204p_2k
are approximately the same in many cases.

[0256] At the same time, the logic circuits 203%_1 to
203»_M input the second digital signals with M bits to control
terminals of the switches 204z_11 to 204»_1M and control
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terminals of the switches 2047_21 to 204%_2M, so that on and
off of the switches 204z 11 to 204 1M and the switches
204n_21 to 2041_2M are controlled. For example, the logic
circuit 203z_k (k is one of 1 to M) inputs the digital signal to
the control terminal of the switch 204»_1% and the control
terminal of the switch 204n_2k, so that on and off of the
switches 204r_1k and 204n_2k is controlled. Accordingly,
the timings of on and off the switch 2047_1£ and the switch
204n_2k are approximately the same in many cases.

[0257] Specifically, in the first mode, when one of the
switches 204p_11 to 204p_1M is turned in response to the
first digital signal with M bits, the switches 204p_11 to 204p_
1M bring one of the wiring group 112p_1 and the wiring
113_1 into conduction, and the potentials thereof are made to
be equal, for example. At the same time, in the first mode,
when one of the switches 204p_21to 204p_2M is turned on in
response to the first digital signal with M bits, the switches
204p_21 to 204p_2M bring one of the wiring group 112p_2
and the wiring 113_2 into conduction, and the potentials
thereof are made to be the same, for example. At that time, the
switches 204x_11 to 204z_1M and the switches 2047_21 to
204#_2M are all turned off with respect to the second digital
signal with M bits.

[0258] On the other hand, in the second mode, when one of
the switches 2047._11 to 204»_1M is turned on in response to
the second digital signal with M bits, the switches 204_11 to
204n_1M bring one of the wiring group 1127_1 and the
wiring 113_1 into conduction, and the potentials thereof are
made to be the same, for example. At the same time, in the
second mode, when one of the switches 2047_1 to 204rn_2M
is turned on in response to the second digital signal with M
bits, the switches 204r_21 to 204r_2M bring one of the
wiring group 112»_2 and the wiring 113_2 into conduction,
and the potentials thereof are made to be the same, for
example. At that time, the switches 204p_11to 204p_1M and
the switches 204p_21 to 204p_2M are all turned off with
respect to the first digital signal with M bits.

[0259] No that the polarities of the first analog signal and
the second analog signal can be different from each other. For
example, in order to differentiate the potentials, the positive
second voltage group is input to the wiring group 112x_2 and
the negative second voltage group is input to the wiring group
112p_2.

[0260] Note that as the logic circuits 203p_1 to 203p_M
and the logic circuits 2037_1 to 203z_M, for example, one of
AND circuits, OR circuits, NAND circuits, NOR circuits,
XOR circuits, XNOR circuits, and the like, or combinational
circuits thereof can be used, like the logic circuits shown in
FIG. 4A.

[0261] Note that as the switches 204p_11 to 204p_1M, the
switches 204r_11 to 204n_1M, the switches 204p_21 to
204p_2M, and the switches 204n_21 to 204n_2M, for
example, p-channel transistors, n-channel transistors, or
CMOS switches in which p-channel transistors and n-channel
transistors are combined can be used.

[0262] Note that although the case where the digital-analog
converter portion 100 includes the plurality of logic circuits
and the plurality of switches is described, this embodiment is
not limited thereto. The digital-analog converter portion 100
may include a first logic circuit having (N+1) input terminals
and one output terminal, a second logic circuit having (N+1)
input terminals and one output terminal, a first switch, a
second switch, a third switch, and a fourth switch. In the first
logic circuit, a jth (j is one of 1 to N) input terminal is
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connected to the first wiring or the second wiring, the (N+1)th
input terminal is connected to the third wiring, and the output
terminal is connected to a control terminal of the first switch
and a control terminal of the second switch. In the second
logic circuit, a jth input terminal is connected to the first
wiring or the second wiring, the (N+1)th input terminal is
connected to the fourth wiring, and the output terminal is
connected to a control terminal of the third switch and a
control terminal of the fourth switch. The first terminal of the
first switch is connected to the fifth wiring and a second
terminal of the first switch is connected to the sixth wiring. A
first terminal of the second switch is connected to a seventh
wiring and a second terminal of the second switch is con-
nected to an eighth wiring. A first terminal of the third switch
is connected to a ninth wiring, a second terminal of the third
switch is connected to a tenth wiring, a first terminal of the
fourth switch is connected to the tenth wiring, and the second
terminal of the fourth switch is connected to the eighth wir-
ing.

[0263] Note that the first wiring, the second wiring, the
third wiring, the fourth wiring, the fifth wiring, the sixth
wiring, the seventh wiring, the eighth wiring, the ninth wir-
ing, and the tenth wiring correspond to one of the wiring
group 111, one of the wiring group 114, the wiring 115, the
wiring 116, one of the wiring group 112p_1, the wiring 113_
1, one of the wiring group 112p_2, the wiring 113_2, one of
the wiring group 112#_1, and one of the wiring group 1127_
2, respectively.

[0264] Note that the first logic circuit, the second logic
circuit, the first switch, the second switch, the third switch,
and the fourth switch correspond to one of the plurality of
logic circuits 203p_1 to 203p_M, one of the logic circuits
203%_1 to 203#_M, one of the switches 204p_11 to 204p_
1M, one of the switches 204p_21 to 204p2M, one of the
switches 204r_11 to 204x_1M, and one of the switches
204n_21 to 204n_2M, respectively.

[0265] As described above, since the digital-analog con-
verter portion of this embodiment can convert one digital
signal into a plurality of analog signals, a look-up table can be
unnecessary. Therefore, heat generation or an increase in
power consumption, or the like due to reading a look-up table
from a memory element can be prevented.

[0266] Further, for example, in the case where a video
signal is generated in a display device by using the digital-
analog converter portion of this embodiment, a portion for
generating the video signal and a pixel portion can be formed
over the same substrate. Accordingly, since the number of
connection between a panel and an external component can
be reduced, poor connection in the connection portion of the
panel and the external component can be suppressed,
whereby improvement in reliability, an increase in yield,
reduction in production cost high-definition, or the like can be
achieved.

Embodiment 4

[0267] In this embodiment, one example of the digital-
analog converter portion 100 which can separately set the
polarities analog signals by a method different from that of
Embodiment 3 will be described with reference to FIG. 8A.

[0268] The digital-analog converter portion 100 in this
embodiment has a first mode and a second mode, as in
Embodiment 3.
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[0269] The digital-analog converter portion 100 includes
the circuit 201, the circuit 202p_1, the circuit 2027_1, the
circuit 202p_2, the circuit 202x_2, a circuit 400_1, and a
circuit 400 _2.

[0270] Thecircuit 201 is connected to the wiring group 111
and the wiring group 114.

[0271] Thecircuit 202p_1 is connected to the wiring group
112p_1, a wiring 411p_1, and the output terminal of the
circuit 201. The circuit 202%_1 is connected to the wiring
group 1121_1, awiring 411x_1, and the output terminal of the
circuit 201. The circuit 202p_2 is connected to the wiring
group 112p_2, a wiring 411p2, and the output terminal of the
circuit 201. The circuit 202x_2 is connected to the wiring
group 1125_2, awiring 411x_2, and the output terminal of the
circuit 201. The circuit 400_1 is connected to the wiring
411p_1, the wiring 4117_1, the wiring 113_1, the wiring 115,
and the wiring 116. The circuit 400_2 is connected to the
wiring 4112, the wiring 411x_2, the wiring 113_2, the wir-
ing 115, and the wiring 116.

[0272] Next, the operation of the digital-analog converter
portion 100 shown in FIG. 8A will be described.

[0273] A digital signal with N bits and an inverted digital
signal with N bits are input to the circuit 201.

[0274] As in FIG. 4A, the circuit 201 generates a digital
signal with M bits in accordance with the digital signal with N
bits and the inverted signal with N bits.

[0275]  After that, the circuit 201 input the digital signal
with M bits to the circuit 202p_1, the circuit 202z_1, the
circuit 202p_2, and the circuit 2027_2 to control the circuit
202p_1, the circuit 202x_1, the circuit 202p2, and the circuit
202,_2.

[0276] Inaccordance with the digital signal with M bits, the
circuit 202p_1 brings one of the wiring group 112p_1 and the
wiring 411p_1 into conduction, and the potentials thereof are
made to be approximately equal. With respect to the digital
signal with M bits, the circuit 202#_1 brings one of the wiring
group 112x_1 and the wiring 4117_1 into conduction, and the
potentials thereof are made to be approximately the same.
With respect to the digital signal with M bits, the circuit
202p_2 brings one of the wiring group 112p_2 and the wiring
411p_2 into conduction, and the potentials thereof are made
to be approximately the same. With respect to the digital
signal with M bits, the circuit 2027_2 brings one of the wiring
group 112x_2 and the wiring 411r_2 into conduction, and the
potentials thereof are made to be approximately the same.
[0277] Inthis mannet, oneofthe positive first voltage group
is input from the circuit 202p_1 to the circuit 400_1 through
the wiring 411p_1, and one of the negative first voltage group
is input from the circuit 2027_1 to the circuit 400_1 through
the wiring 4112_1. At the same time, one of the positive
second voltage group is input from the circuit 202p_2 to the
circuit 400_2 through the wiring 411p_2, and one of the
negative second voltage group is input from the circuit
202n_2 to the circuit 400_2 through the wiring 411»_2.
[0278] Then, in accordance with a selecting signal and an
inverted selecting signal, the circuit 400_1 outputs one of the
positive first voltage group or one of the negative first voltage
groupto the wiring 113_1 as a first analog signal. With respect
to the selecting signal and the inverted selecting signal, in the
first mode, the circuit 400_1 brings the wiring 411p_1 and the
wiring 113_1 into conduction, and the potentials thereof are
made to be the same, for example. In this manner, one of the
positive first voltage group is output to the wiring 113_1asa
positive first analog signal. On the other hand, with respect to
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the selecting signal and the inverted selecting signal, in the
second mode, the circuit 400_1 brings the wiring 411»_1 and
the wiring 113_1 into conduction, and the potentials thereof
are made to be the same, for example. In this manner, one of
the negative first voltage group is output to the wiring 113_1
as a negative first analog signal.

[0279] Further, with respect to a selecting signal and an
inverted selecting signal, the circuit 400_2 outputs one of the
positive second voltage group or one of the negative second
voltage group to the wiring 113_2 as a second analog signal.
With respect to the selecting signal and the inverted selecting
signal, in the first mode, the circuit 400_2 brings the wiring
411p_2 and the wiring 113_2 into conduction, and the poten-
tials thereof are made to be the same, for example. In this
manner, one of the positive second voltage group is output to
the wiring 113_2 as a positive second analog signal. On the
other hand, with respect to the selecting signal and the
inverted selecting signal, in the second mode, the circuit
400_2 brings the wiring 411#_2 and the wiring 113_2 into
conduction, and the potentials thereof are made to be approxi-
mately the same, for example. In this manner, one of the
negative second voltage group is output to the wiring 113_2
as a negative second analog signal.

[0280] Note that as specific examples of the circuit 400_1
and the circuit 400_2, circuits shown in FIG. 8B can be used.
The circuit 400_1 includes aswitch 401 and a switch 402, and
the circuit 400_2 includes a switch 403 and a switch 404. A
first terminal of the switch 401 is connected to the wiring
411p_1, a second terminal of the switch 401 is connected to
the wiring 113_1, and a control terminal of the switch 401 is
connected to the wiring 115. A first terminal of the switch 402
is connected to the wiring 4117_1, a second terminal of the
switch 402 is connected to the wiring 113_1, and a control
terminal of the switch 402 is connected to the wiring 116. A
first terminal of the switch 403 is connected to the wiring
411p_2, a second terminal of the switch 403 is connected to
the wiring 113_2, and a control terminal of the switch 403 is
connected to the wiring 115. A first terminal of the switch 404
is connected to the wiring 411z_2, a second terminal of the
switch 404 is connected to the wiring 113_2, and a control
terminal of the switch 404 is connected to the wiring 116.
[0281] The operation of the circuit 400_1 and the circuit
400_2 will be described.

[0282] In the first mode, the switch 401 is turned on in
response to the selecting signal and brings the wiring 411p_1
and the wiring 113_1 into conduction, and the potentials
thereof are made to be the same. At the same time, the switch
403 is turned on with respect to the selecting signal and brings
the wiring 411p_2 and the wiring 113_2 into conduction, and
the potentials thereof are made to be the same. At that time,
the switch 402 and the switch 404 are turned off with respect
to the inverted selecting signal.

[0283] On the other hand, in the second mode, the switch
402 is turned on with respect to the inverted selecting signal
and brings the wiring 4117_1 and the wiring 113_1 into
conduction, so that the potentials thereof are made to be the
same. At the same time, the switch 404 is turned on with
respect to the inverted selecting signal and brings the wiring
411%_2 and the wiring 113_2 into conduction, so that the
potentials thereof are made to be the same. At that time, the
switch 401 and the switch 403 are turned off with respect to
the selecting signal.

[0284] Note that in order to make the polarities of the first
analog signal and the second analog signal different from
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each other, the control terminal of the switch 403 can be
connected to the wiring 116 and the control terminal of the
switch 404 can be connected to the wiring 115.

[0285] Note that as the switches 401, 402, 403, and 404,
p-channel transistors, n-channel transistors, or CMOS
switches in which n-channel transistors and p-channel tran-
sistors are combined can be used. Note that gate, a first ter-
minal (one of source and drain), and a second terminal (the
other of source and drain) of each transistor correspond to the
control terminal, the first terminal, and the second terminal of
each of the switches, respectively, and have the same connec-
tion structure.

[0286] In specific, as shown in FIG. 8C, as the switches
401, 402, 403, and 404, a transistor 401a, a transistor 402a, a
transistor 403a, and a transistor 404a are preferably used,
respectively. The transistor 401a and the transistor 403a are
p-channel transistors and the transistor 402a and the transis-
tor 4044 are n-channel transistors. Further, control terminals
of the transistor 401a, 402a, 403a, and 404q are all connected
to the same wiring (the wiring 116 in FI1G. 8C). Accordingly,
one of the wiring 115 and the wiring 116 can be omitted.
[0287] Here, since a positive voltage is input to a first ter-
minal of the transistor 401a and a first terminal of the tran-
sistor 403a, the potentials thereof are high. Since the transis-
tor 401 and the transistor 403a are p-channel transistors, the
absolute value of a potential difference (Vgs) between gate
and source of each of the transistor 401a and the transistor
403a is large. Accordingly, the size (e.g., channel width W) of
each of the transistor 401a and the transistor 403« can be
small. On the other hand, since a negative voltage is input to
a first terminal of the transistor 402« and a first terminal of the
transistor 404a, the potentials thereof become low. Since the
transistor 402a and the transistor 404« are n-channel transis-
tors, a potential difference (Vgs) between gate and source of
each of the transistor 402a and the transistor 404a becomes
large. Accordingly, the size (e.g., channel width W) of each of
the transistor 402« and the transistor 404a can be small.

[0288] Note that in order to make switching noise of the
first analog signal approximately the same as that of the
second analog signal, for example, the ratio of W/L of the
transistor 401a and the ratio of W/L of the transistor 403a are
preferably the same. Accordingly, in the case where the digi-
tal-analog converter portion 100 shown in FIG. 8Cis used for
a display device, the first subpixel and a second subpixel
express gray levels in accordance with respective signals with
approximately the same switching noise. Therefore, the effect
due to the switching noise of the analog signals can be sup-
pressed. However, this embodiment is not limited to this.

[0289] Note that for example, the ratio of W/L of the tran-
sistor 402a and the ratio of W/L of the transistor 404a are
preferably the same, like the transistor 401¢ and the transistor
403a. However, this embodiment is not limited to this.

[0290] Note that in the case where the circuits 202p_1,
202n_1,202p_2, and 202r_2 each includes a transistor, the
ratio of W/L of the transistor is preferably lower than the
ratios of W/L of the transistors 401a to 404a. However, this
embodiment is not limited to this.

[0291] As described above, since the digital-analog con-
verter portion of this embodiment can convert one digital
signal into a plurality of analog signals, a look-up table can be
unnecessary. Therefore, heat generation or an increase in
power consumption, or the like due to reading a look-up table
from a memory element can be prevented.
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[0292] Further, for example, in the case where a video
signal is generated in a display device by using the digital-
analog converter portion of this embodiment, a portion for
generating the video signal and a pixel portion can be formed
over the same substrate. Accordingly, since the number of
connection between a panel and an external component can
be reduced, poor connection in the connection portion of the
panel and the external component can be suppressed,
whereby improvement in reliability, an increase in yield,
reduction in production cost, high-definition, or the like can
be achieved.

Embodiment 5

[0293] In this embodiment, the case where the digital-ana-
log converter portion 100 described in Embodiments 1 to 4 is
used for a display device will be described. Note that for
example, the case where a digital-analog converter portion
which converts one digital signal into two analog signals will
be described with reference to FIG. 9A.

[0294] The display device includes a pixel 502 which
includes the digital-analog converter portion 100, a circuit
501_1, a circuit 501_2, a first subpixel 502_1, and a second
subpixel 502_2.

[0295] The digital-analog converter portion 100 is con-
nected to the wiring group 111, the wiring group 112_1, the
wiring group 112_2, the wiring 113_1, and the wiring 113_2.
The circuit 501_1 is connected to the wiring group 112_1.
The circuit 501_2 is connected to the wiring group 112_2.
The first subpixel 502_1 is connected to the wiring 113_1.
The second subpixel 502_2 is connected to the wiring 113_2.
[0296] The circuit 501_1 generates a plurality of voltages
and inputs the plurality of voltages to the digital-analog con-
verter portion 100 through the wiring group 112_1. The cir-
cuit 501_2 generates a plurality of voltages and input the
plurality of voltages to the digital-analog converter portion
100 through the wiring group 1122.

[0297] Note that the plurality of voltages generated by the
circuit 501_1 corresponds to the first voltage group and the
plurality of voltages generated by the circuit 501_2 corre-
sponds to the second voltage group.

[0298] Note that the circuit 501_1 and the circuit 5012 can
function as a first reference driver and a second reference
driver, respectively.

[0299] As described in Embodiments 1 to 4, the digital-
analog converter portion 100 generates a first analog signal
and a second analog signal in accordance with a digital signal
with N bits, an output voltage (e.g., the first voltage group) of
the circuit 501_1, and an output voltage (e.g., the second
voltage group) of the circuit 5012. Then, the first analog
signal is input to the first subpixel 502_1 through the wiring
113_1, so that the gray level of the first subpixel 502_1 is
controlled. The second analog signal is input to the second
subpixel 502_2 through the wiring 113_2, so that the gray
level of the second subpixel 502_2 is controlled.

[0300] The first subpixel 502_1 expresses a gray level with
respect to the first analog signal and the second subpixel
502_2 expresses agray level withrespect to the second analog
signal. For example, in the case where the first subpixel 502_1
and the second subpixel 502_2 each include a liquid crystal
element, the orientation of the liquid crystal element included
in the first subpixel 502_1 is changed in accordance with the
first analog signal, whereby the transmittance of the liquid
crystal element is changed. Similarly, the orientation of the
liquid crystal element included in the second subpixel 502_2
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is changed in accordance with the second analog signal,
whereby the transmittance of the liquid crystal element is
changed. Forexample, in the case where the values of the first
analog signal and the second analog signal are different from
each other, the orientation state of the liquid crystal element
included in the first subpixel 502_1 and the orientation state
of the liquid crystal element included in the second subpixel
502_2 are different from each other. Accordingly, improve-
ment in viewing angle characteristics can be achieved.
[0301] Note that a variety of circuits can be used for the
circuit 501_1 and the circuit 501_2 as long as the circuit has
a structure which is capable of generating a plurality of volt-
ages. For example, a structure in which a plurality of resistor
elements is connected in series can be employed. In examples
shown in FIGS. 9B and 9C, the circuit 501_1 includes a
plurality of resistor elements of resistor elements 501_11 to
501_1M, and the circuit 501_2 includes a plurality of resistor
elements of resistor elements 501_21to 501_2M. The resistor
elements 501_11 to 501_1M are connected in series between
a power supply V1 and a power supply V2. The resistor
elements 501_21 to 501_2M are connected in series between
a power supply V3 and a power supply V4. The resistor
elements 501_11 to 501_1M generate a plurality of voltages
(the first voltage group) by dividing a voltage supplied from
the power supply V1 and a voltage supplied from the power
supply V2. The resistor elements 501_21to 501_2M generate
a plurality of voltages (the second voltage group) by dividing
a voltage supplied from the power supply V3 and a voltage
supplied from the power supply V4. The first voltage group
and the second voltage group depend on the resistance value
of a resistor element and a power supply voltage.

[0302] Note that in order to reduce the number of power
supply and wirings, the circuit 501_1 and the circuit 501_2
can share a power supplies, for example. In a specific
example, in the case where the power supply V1 and the
power supply V3 are shared, the resistor elements 501_11 to
501_1M are connected in series between the power supply V1
and the power supply V2. Then, the resistor element 501_21
to 501_2M are connected in series between the power supply
V1 and the power supply V4.

[0303] Note that in order to freely set the characteristics of
the first voltage group, one of the resistor elements 501_11 to
501_1M or some of them can be variable resistor elements,
for example. Similarly, in order to freely set the characteris-
tics of the second voltage group, one of the resistor elements
501_21 to 501_2M or some of them can be variable resistor
elements, for example.

[0304] Note that in order to freely set the characteristics of
the first voltage group and the second voltage group, a voltage
of the power supply V1, a voltage of the power supply V2, a
voltage of the power supply V3, or a voltage of the power
supply V4 can be a variable power supply. As an example, a
variable power supply which selects any one ofa plurality of
power supplies can be given. Each of the plurality of power
supplies is connected to a resistor element (e.g., the resistor
element 501_11) through a switch. Then, by controlling on
and off of each switch, a voltage to be supplied is controlled.
[0305] Note that in the case where the polarity of the first
analog signal and the polarity of the second analog signal are
separately set, a circuit 501p_1 which generates a positive
first voltage group, a circuit 501»_1 which generates a nega-
tive second voltage group, a circuit 501p_2 which generates a
positive first voltage group, and a circuit 501#_2 which gen-
erates a negative second voltage group are used, as shown in
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one example in FIG. 10A. For example, like the circuit 501_1
or the circuit 501_2 shown in FIGS. 9B and 9C, each of such
circuits has a structure in which a plurality of resistor ele-
ments is connected in series between two power supplies.
Note that in order to output a positive voltage group, for
example, at least one of power supply voltages used for the
circuit 501p_1 and the circuit 501p_2 is preferably made to be
higher than a common voltage. On the other hand, in order to
output a negative voltage group, for example, at least one of
power supply voltages used for the circuit 5012_1 and the
circuit 5017_2 is preferably made to be lower than the com-
mon voltage.

[0306] Note that the circuit 501p_1 and the circuit 501r_1
canbe collectively denoted as the circuit 501_1 and the circuit
501p_2 and the circuit 5017_2 can be collectively denoted as
the circuit 501_2. In this case, for example, the circuit 501_1
and the circuit 501_2 each generate both of the positive volt-
age group and the negative voltage group.

[0307] Note that in the case where a digital signal with N
bits is converted into n analog signals, the circuits 501_1 to
501 1 are used as shown in one example in FIG. 10B. The
circuits 501_1 to 501__» each generate a plurality of voltages
and output the plurality of voltages to the digital-analog con-
verter portion 100. For example, like the circuit 501_1 or the
circuit 501_2 shown in FIGS. 9B and 9C, each of the circuits
501_1t0501 #hasastructure in which a plurality of resistor
elements is connected in series between two power supplies.
The digital-analog converter portion 100 generates the n ana-
log signals inaccordance with n voltage groups and the digital
signal with N bits. Then, the digital-analog converter portion
100 input the n analog signals to n subpixels 502_11t0 502_».
For example, an ith (i is one of 1 to n) analog signal is output
to a subpixel 502_i.

[0308] Next, one example of a display device in more detail
than that shown in FIG. 9A will be described with reference to
FIG. 11A.

[0309] The display device includes a signal line driver cir-
cuit 601, a scanning line driver circuit 602, a pixel portion
603, the circuit 501_1, and the circuit 501_2. The signal line
driver circuit 601 includes a shift register 621, a first latch
portion 622, a second latch portion 623, a plurality of digital-
analog converter portions 100, and a buffer portion 625. The
pixel portion 603 includes a plurality of pixels 605. The
plurality of pixels 605 each includes a first subpixel 606a and
a second subpixel 6065.

[0310] The first subpixel 606a and the second subpixel
6065 each has means for storing a signal written.

[0311] First signal lines S1_1 to S1_m and second signal
lines S2_1to S2_ m are provided by being extended from the
signal line driver circuit 601 in column direction.

[0312] Scanning lines G1 to Gn are provided by being
extended from the scanning driver circuit 602 in row direc-
tion.

[0313] Note that the first signal lines S1_1 to S1_m, the
second signal lines S2_1 to S2__m, and the scanning lines G1
to Gn can function as first signal lines, second signal lines,
and third signal lines.

[0314] Note that a new wiring such as a capacitor line, a
power supply line, a new scanning line, or a new signal line
can be additionally provided, depending on the structure of
the pixel. For example, the capacitor line is provided in par-
allel with the scanning lines G1 to Gn and a certain level of
voltage is applied to the capacitor line in many cases. How-
ever, a signal is input to the capacitor line in some cases.
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[0315] The pixels 605 are provided in matrix correspond-
ing to the first signal lines S1_1 to S1_m, the second signal
lines S2_1t0 S2_m, and the scanning lines G1 to Gn, respec-
tively. The first subpixel 6064 is connected to a first signal line
S1_j (one of the first signal lines S1_1 to S1_m) and a
scanning line Gi (one of the scanning lines G1 to Gn). The
second subpixel 6065 is connected to a second signal line
S2_j(any one of the second signal lines S2_1to S2_ m) and
a scanning line Gi (any one of the scanning lines G1 to Gn).
[0316] A start pulse (SSP), a clock signal (SCK), and an
inverted clock signal (SCKB) are input to the shift register
621. The shiftregister 621 outputs a sampling pulse to the first
latch portion 622 in accordance with such a signal.

[0317] Note that as the shift register 621, for example, a
counter, a decoder, or the like can be used as long as it can
output a sampling pulse.

[0318] The sampling pulse and a video signal (Vdata) are
input to the first latch portion 622. The first latch portion 622
sequentially stores a video signal in each column in accor-
dance with the sampling pulse. When storing of a video signal
in the last column is finished, the first latch portion 622
outputs the stored video signals in respective columns to the
second latch portion 623 all at one time. Note that the video
signal (Vdata) corresponds to the digital signal with N bits
described in Embodiments 1 to 4.

[0319] Thevideo signals and alatch pulse (LAT_Pulse) are
input to the second latch portion 623 from the first latch
portion 622. The second latch portion 623 stores the video
signals input from the first latch portion 622 all at one time in
accordance with the latch pulse. After that, the second latch
portion 623 outputs the video signals to the plurality of digi-
tal-analog converter portion 100 all at one time.

[0320] Note that for example, by using an output signal, a
start pulse, or the like of the shift register as a latch pulse, the
latch pulse can be omitted.

[0321] Note thata video signal output from each column of
the second latch portion 623 in each column corresponds to,
for example, the digital signal with N bits described in
Embodiments 1 to 4.

[0322] The plurality of analog converter portion 100 each
convert a video signal into a first analog signal and a second
analog signal as described in Embodiments 1 to 4. Then, the
plurality of digital-analog converter portion 100 each write
the first analog signal to the first subpixel 502_1 through the
buffer portion 625 and the second analog signal to the second
subpixel 502_2 through the buffer portion 625.

[0323] Here, in order to make the amplitude voltage of the
video signal low, for example, the first latch portion 622
and/or the second latch portion 623 can have a level-shift
function or a level shifter. In this case, the amplitude voltage
of the video signal input to the first latch portion 622 is, for
example, lower than that of the video signal output from each
column of'the first latch portion 622 in each column or that of
the video signal output from the second latch portion 623 in
each column. Accordingly, for example, the driving voltage
of the shift register 621, the first latch portion 622, or the
second latch portion 623 can be low, whereby reduction in
power consumption can be achieved.

[0324] Next, one example of the operation of the display
device will be described with reference to FIG. 11B. One
example of a timing chart in FIG. 11B shows one frame
period corresponding to a period when an image of one screen
is displayed. In this one frame period, rows of pixels are
sequentially selected from first to nth rows. The cycle of one
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frame period is desirably equal to or less than Yeo sec. (equal
to or more than 60 Hz) so that flickering is not sensed by a
viewer of an image. The cycle of one frame period is more
desirably equal to or less than 20 sec. (frequency is equal to
or more than 120 Hz). The cycle of one frame period is still
more desirably equal to or less than Yiso sec. (frequency is
equal to or more than 180 Hz). However, in the case where a
frame frequency is high, a frame frequency in the display
device and the frame frequency of original image data do not
correspond to each other in some cases. Therefore, image data
needs to be compensated. For example, the image data is
compensated by detecting a motion vector. Thus, display with
ahigh frame frequency can be performed. In this manner, the
motion of the image is smoothly displayed and display with a
few afterimages can be performed.

[0325] The scanning line driver circuit 602 outputs scan-
ning signals to the scanning lines G1 to Gn in response to a
start pulse (GSP), a clock signal (GCK), and an inverted clock
signal (GCKB). The first to nth rows of the pixels are sequen-
tially selected in accordance with the scanning signals. A
video signal can be written to the pixels in the selected row.
Every time the row of these pixels is selected, the signal line
driver circuit 601 writes the first analog signal to the first
subpixel 606a and the second analog signal to the second
subpixel 6064. Note that a period when the pixels in one row
are selected is referred to as one gate selecting period.
[0326] As described above, since each of the digital-analog
converter portions 100 in the display device shown in FIG.
11A can convert one digital signal into a plurality of analog
signals, the amount of data of a video signal does not increase
even though the pixel is divided into a plurality of subpixels.
Accordingly, the scale of the circuits for processing a video
signal (e.g., the shift register, the first latch portion, and the
second latch portion) can be small.

[0327] Further, in the display device shown in FIG. 11A,
since a look-up table, that is, a memory portion is not neces-
sary for converting one digital signal into the plurality of
analog signals, the pixel portion and peripheral circuits
thereof (e.g., the signal line driver circuit, the scanning line
driver circuit, and the reference driver) can be easily formed
over the same substrate.

[0328] Note that the structure of the signal line driver cir-
cuit 601 is not limited to the structure in FIG. 11A. For
example, in the case where the current capability of the digi-
tal-analog converter portion 100 is high, the buffer portion
625 can be omitted. In another example, in the case where the
voltage groups generated in the circuit 501 __a and the circuit
501_2 are input to the digital-analog converter portion 100
through a buffer, the buffer portion 625 can be omitted. For
example, in the case where the number of voltages in the
voltage group is smaller than the number of the signal lines,
the number of buffers is reduced. Therefore, the voltage
groups generated in the circuit 501_1 and the circuit 501_2
are preferably input to the digital-analog converter portion
100 through the buffer.

[0329] Note that in order to realize dot inversion drive in
each pixel, one example of the signal line driver circuit shown
in FIG. 12A is used for the display device. For example, the
positive first voltage group, the positive second voltage
group, the negative first voltage group, and the negative sec-
ond voltage group output from the circuit 501p_1, the circuit
501p_2, the circuit 501z_1, and the circuit 5017_2, respec-
tively, which are described in FIG. 10A are input to the
plurality of digital-analog converter portion 100. Further, a
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selecting signal and an inverted selecting signal are input
alternately to each column. Then, in the selecting signal and
the inverted selecting signal, an H signal and an [ signal
alternate with each other in every single gate selecting period.
Accordingly, for example, by using a clock signal (GCK) and
an inverted clock signal (GCKB) as the selecting signal and
the inverted selecting signal, the selecting signal and the
inverted selecting signal can be omitted. In this manner, the
dot inversion drive can be realized.

[0330] Note that although one example of the signal line
driver circuit in the case where dot inversion drive in each
pixel is realized is described in FIG. 12A, this embodiment is
not limited to this. For example, dot inversion drive in each
subpixel may be realized. In this case, as described in
Embodiments 3 and 4, the polarities of the first video signal
and the second video signal can be made different from each
other by switching the positive first voltage group and the
negative second voltage group to each other and inputting
each of them to the digital-analog converter portions 100.
[0331] In another example, the selecting signal and the
inverted selecting signal can be alternately input to every n
columns. By switching an H signal and an [ signal to each
other in the selecting signal and the inverted selecting signal
in every n gate selecting periods, dot inversion drive in every
n pixels can be realized.

[0332] Inanother example, by switching an H signal and an
L signal to each other in the selecting signal and the inverted
selecting signal in every single frame period, source line
inversion drive can be realized.

[0333] Next, one example in which the pixel 605 includes a
liquid crystal element will be described with reference to FIG.
12B. The pixel 605 includes the first subpixel 606« including
atransistor 7014, a liquid crystal element 702a, and a capaci-
tor element 703a and the second subpixel 6065 having a
transistor 7015, a liquid crystal element 7025, and a capacitor
element 7035. A first terminal of the transistor 7014 is con-
nected to the signal line S1_j, a second terminal of the tran-
sistor 701a is connected to one electrode of the liquid crystal
element 7024, and gate of the transistor 701« is connected to
the scanning line Gi. The capacitor element 703« is connected
between the second terminal of the transistor 701a and a
capacitor line 705. The other electrode of the liquid crystal
element 702a corresponds to a common electrode 704. On the
other hand, a first terminal of the transistor 7014 is connected
to the signal line S2_J, a second terminal of the transistor
7015 is connected to one electrode of the liquid crystal ele-
ment 7024, and gate of the transistor 7015 is connected to the
scanning line Gi. The capacitor element 7035 is connected
between the second terminal of the transistor 7016 and a
capacitor line 705. The other electrode of the liquid crystal
element 7024 corresponds to the common electrode 704.
[0334] For example, when an ith row is selected, an H
signal is input to the scanning line Gi from the scanning line
driver circuit 602, whereby the transistor 701a and the tran-
sistor 7015 are turned on. Then, a first video signal is written
to the first subpixel 606a from the signal line driver circuit
601 through the signal line S1_j and a potential difference
between the first video signal and the capacitor line 705 is
stored in the capacitor element 703a. Then, the liquid crystal
element 7044 has a transmittance which is based on the first
video signal and expresses a gray level which is based on the
first video signal. At the same time, a second video signal is
written to the second subpixel 6065 from the signal line driver
circuit 601 through the signal line S2_j and a potential dif-
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ference between the second video signal and the capacitor
line 705 is stored in the capacitor element 7035. Then, the
liquid crystal element 7045 has a transmittance which is
based on the second video signal and expresses a gray level
which is based on the second video signal.

[0335] As described above, since the digital-analog con-
verter portion of this embodiment can convert one digital
signal into a plurality of analog signals by using the digital-
analog converter portion described in Embodiments 1 to 4, a
look-up table can be unnecessary. Therefore, heat generation,
an increase in power consumption, or the like due to reading
a look-up table from a memory element can be prevented.
[0336] Further, since a look-up table is not used, a portion
for generating a video signal and a pixel portion can be
formed over the same substrate. Accordingly, since the num-
ber of connection between a panel and an external component
can be reduced, poor connection in the connection portion of
the panel and the external component can be suppressed,
whereby improvement in reliability, an increase in yield,
reduction in production cost, high-definition, or the like can
be achieved.

[0337] Further, the portion for generating the video signal
and the pixel portion can be provided close together. Accord-
ingly, a pathway through which the video signal is input to the
pixel after the video signal is generated can be shortened.
Therefore, noise generated in the video signal can be sup-
pressed, so that display quality can be improved.

Embodiment 6

[0338] Embodiment 6 will describe a structure of a transis-
tor.
[0339] FIG. 13 is one example of cross-sectional view of

transistors. However, the structure of the transistor is not
limited to that shown in FIG. 13 and a variety of structures can
be employed.

[0340] Note that although FIG. 13 shows one example of
the cross-sectional view of the plurality of transistors juxta-
posed, this is representation for describing the structure of the
transistor. Therefore, the transistors are not needed to be
actually juxtaposed as shown in FIG. 13 and can be separately
formed as needed.

[0341] A transistor 5051 is one example of a single-drain
transistor. A transistor 5052 is one example of a transistor
having an angle which is tapered at a certain degrees or more
in a gate electrode 5063. A transistor 5053 is one example of
a transistor in which the gate electrode 5063 includes at least
two layers and a lower gate electrode is longer than an upper
gate electrode. A transistor 5054 is one example of a transistor
including side walls 5066 which are in contact with the side
surfaces of the gate electrode 5063. A transistor 5055 is one
example of a transistor in which an LDD (Loft) region is
formed in a semiconductor layer by doping with the use of a
mask.

[0342] Then, layers constituting a transistor are each
described.
[0343] As one example of a substrate 5057, a glass sub-

strate made of barium borosilicate glass, aluminoborosilicate
glass, or the like, a quartz substrate, a ceramic substrate, a
metal substrate such as a stainless steel substrate, and the like
can be given. Alternatively, a flexible synthetic resin such as
plastic typified by polyethylene terephthalate (PET), polyeth-
ylene naphthalate (PEN), polyether sulfone (PES), and
acrylic, or the like can be used.
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[0344] Aninsulating film 5058 serves as a base film. As one
example of the insulating film 5058, a single-layer structure
or a layered structure of an insulating film containing oxygen
or nitrogen, such as silicon oxide (SiOx), silicon nitride
(SiNx), silicon oxynitride (SiOxNy) (x>v), or silicon nitride
oxide (SiNxOy) (x>vy) can be given. In one example in the
case where the insulating film 5058 is formed to have a
two-layer structure, a silicon nitride oxide film and a silicon
oxynitride film can be formed as a first insulating film and a
second insulating film, respectively. In another example, in
the case where the insulating film 5058 has a three-layer
structure, a silicon oxynitride film, a siliconnitride oxide film,
and a silicon oxynitride film can be formed as a first insulating
film, a second insulating film, and a third insulating film,
respectively.

[0345] As an example of each of a semiconductor layer
5059, a semiconductor layer 5060, and a semiconductor layer
5061, an amorphous semiconductor, a microcrystalline semi-
conductor, a semi-amorphous semiconductor (SAS), a poly-
crystalline semiconductor, a single-crystal semiconductor, or
the like can be given.

[0346] Note that the semiconductor layer 5059, the semi-
conductor layer 5060, and the semiconductor layer 5061 pref-
erably have impurity concentrations which are different from
each other. For example, the semiconductor layer 5059, the
semiconductor layer 5060, and the semiconductor layer 5061
function as a channel region, a lightly doped drain (LDD)
region, and source and drain regions, respectively.

[0347] Like the insulating film 5058, the insulating film
5062 has, for example, a single-layer structure or a layered
structure of an insulating film containing oxygen or nitrogen,
such as silicon oxide (Si0x), silicon nitride (SiNx), silicon
oxynitride (SiOxNy) (x>y), or silicon nitride oxide (SiNxQOy)
(x>y).

[0348] As one example of the gate electrode 5063, a single-
layer conductive film or an accumulated structure of a multi-
layer (e.g., two-layer or three-layer) conductive film can be
given. As one example of a conductive film used for the gate
electrode 5063, a single film of an element such as tantalum
(Ta), titanium (Ti), molybdenum (Mo), tungsten (W), chro-
mium (Cr), silicon (Si), or the like; a nitride film containing
the aforementioned element (typically, a tantalum nitride
film, a tungsten nitride film, or a titanium nitride film); an
alloy film in which the aforementioned elements are com-
bined (typically, a Mo—W alloy or a Mo—Ta alloy); a sili-
cide film containing the aforementioned element (typically, a
tungsten silicide film or a titanium silicide film); and the like
can be used.

[0349] Note that the aforementioned single element film,
nitride film, alloy film, silicide film, or the like can have a
single-layer structure or a layered structure.

[0350] As one example of an insulating film 5064, a single-
layer structure or a layered structure of an insulating film
containing oxygen or nitrogen, such as silicon oxide ($i0x),
silicon nitride (SiNx), silicon oxynitride (SiOxNy) (x>v), or
silicon nitride oxide (SiNxQy) (x>y); or a film containing
carbon, such as DLC (diamond like carbon) can be given.
[0351] As one example of an insulating film 5065, a silox-
ane resin is given. Alternatively, 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) is given. Alternatively, a film
containing carbon, such as DLC (Diamond Like Carbon) is
given. Alternatively, an organic material such as epoxy, poly-
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imide, polyamide, polyvinylphenol, benzocyclobutene, or
acrylic is given. Alternatively, a single-layer structure or a
layered structure thereof is given.

[0352] As one example ofa siloxane resin, a resin including
a Si—O—Si bond is given. For example, siloxane includes a
skeleton structure of a bond between silicon (Si) and oxygen
(0). An organic group containing at least hydrogen (for
example, an alkyl group and aromatic hydrocarbon) is used as
a substituent. A fluoro group may be included in the organic
group.

[0353] Note that the insulating film 5065 can be provided to
cover the gate electrode 5063 directly without providing the
insulating film 5064.

[0354] As one example of a conductive film 5067, a single-
layer conductive film or an accumulated structure of a multi-
layer (e.g., two-layer or three-layer) conductive film can be
given. Examples of a material for the conductive film 5067
include a single element film of an element such as Al, Ni, C,
W, Mo, Ti, Pt, Cu, Ta, Au, or Mn, a nitride film of any of the
elements, an alloy film in which any of the elements are
combined, a silicide film of any of the elements, and the like.
As one example of an alloy film in which any of the elements
are combined, an Al alloy containing C and Ti, an Al alloy
containing Ni, an Al alloy containing C and Ni, an Al alloy
containing C and Mn, or the like is given.

[0355] Note that in the case where the above-described
conductive film is formed to have a layered structure, for
example, a structure in which Al is sandwiched between Mo,
Ti, or the like is preferable. Accordingly, the resistance of Al
to heat or a chemical reaction can be enhanced.

[0356] As one example of the sidewalls 5066, silicon oxide
(810x) or silicon nitride (SiNx) can be used.

[0357] In this manner, the structure of the transistor
described in this embodiment can be employed for the tran-
sistor included in the digital-analog converter portion
described in Embodiments 1 to 4. The digital-analog con-
verter portion described in Embodiments 1 to 4 can generate
signals corresponding to respective subpixels without using a
look-up table. Therefore, heat generation, an increase in
power consumption, or the like due to reading a look-up table
from a memory element can be prevented.

[0358] Further, since a look-up table is not used, a portion
for generating a video signal and a pixel portion can be
formed over the same substrate. Accordingly, since the num-
ber of connection between a panel and an external component
can be reduced, improvement in reliability, an increase in
yield, reduction in cost, high-definition, or the like can be
achieved.

Embodiment 7

[0359] In this embodiment, one example of a formation
method of a semiconductor layer will be described. The for-
mation method of the semiconductor layer in this embodi-
ment can be employed for the structure and the manufacturing
method of the transistor described in Embodiment 4.

[0360] FIG. 14A shows an SOI substrate of this invention.
In FIG. 14A, a base substrate 9200 is a substrate having an
insulating surface or an insulating substrate, and a variety of
glass substrates that are used in the electronics industry, such
as aluminosilicate glass, aluminoborosilicate glass, or barium
borosilicate glass, can be used. Alternatively, a quartz glass
substrate or a semiconductor substrate such as a silicon wafer
can be used. An SOI layer 9202 is a single-crystal semicon-
ductor, and single-crystal silicon is typically applied thereto.
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Alternatively, a crystalline semiconductor layer which is
formed using silicon, germanium, or a compound semicon-
ductor such as indium phosphide or gallium arsenide, which
can be separated from a single-crystal semiconductor sub-
strate or a polycrystalline semiconductor substrate using a
hydrogen ion implantation separation method, may be
applied.

[0361] Between the base substrate 9200 and the SOI layer
9202 described above, a bonding layer 9204 which has a
smooth surface and forms a hydrophilic surface is provided. A
silicon oxide film is suitable for the bonding layer 9204. In
particular, a silicon oxide film formed by a chemical vapor
deposition method using an organosilane gas is preferable. As
an organosilane gas, a silicon-containing compound such as
tetraethoxysilane (TEOS) (chemical formula: Si(OC,Hy),),
tetramethylsilane (TMS) (chemical formula: Si(CH,),), tet-
ramethylcyclotetrasiloxane (TMCTS), octamethylcyclotet-
rasiloxane (OMCTS), hexamethyldisilazane (HMDS), tri-
ethoxysilane (chemical formula: SiH(OC,H;);), or
trisdimethylaminosilane (chemical formula: SIH(N(CH,),)5)
can be used.

[0362] Thebonding layer 9204 which has a smooth surface
and forms a hydrophilic surface is provided with a thickness
of 5 to 500 nm. With such a thickness, roughness of a surface
on which the bonding layer 9204 is formed can be smoothed
and smoothness of a growth surface of the film can be
ensured. Inaddition, distortion between the bonding substrate
9204 and a substrate to be bonded to the bonding substrate
9204 can be reduced. The base substrate 9200 may be pro-
vided with a similar silicon oxide film. That is, when the SOI
layer 9202 is bonded to a substrate having an insulating
surface or the insulating base substrate 9200, the base sub-
strate 9200 and the SOI layer 9202 can be firmly bonded to
each other when the bonding layer 9204 formed of a silicon
oxide film which is preferably formed using organosilane as
a material is provided on either one or both surfaces of the
base substrate 9200 and the SOI layer 9202 which are to be
bonded.

[0363] A method for manufacturing such an SOI substrate
is described with reference to FIGS. 14B to 14E.

[0364] A semiconductor substrate 9201 shown in FIG. 14B
is cleaned, and ions which are accelerated by an electric field
are introduced to reach a predetermined depth from the sur-
face of the semiconductor substrate 9201 to form aion doping
layer 9203. Introduction of ions is conducted in consideration
of the thickness of an SOI layer which is to be transferred to
abasesubstrate. The thickness ofthe SOl layeris 5 to 500 nm,
preferably 10to 200 nm. Accelerating voltage for introducing
ions into the semiconductor substrate 9201 is set in consid-
eration of such a thickness. The ion doping layer 9203 is
formed by introducing ions of hydrogen, helium, or halogen
typified by fluorine. In this case, it is preferable to use one ion
or plural ions formed of the same atoms which have different
mass. In the case of introducing hydrogen ions, the hydrogen
ions preferably include H*, H,*, and H,* ions with a high
percentage of Hy* ions. In the case of introducing hydrogen
ions, introducing efficiency can be increased and introducing
time can be shortened by making H*, H,*, and H;" ions
contained and increasing the percentage of H,* ions. With
such a structure, separation can be easily performed.

[0365] In the case of introducing ions at a high dose, the
surface of the semiconductor substrate 9201 is roughened in
some cases. Therefore, a protective film against introduction
of ions, such as a silicon nitride film, a silicon nitride oxide
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film, or the like with a thickness of 50 to 200 nm may be
provided on a surface to which ions are introduced.

[0366] Next, as shown in FIG. 14C, a silicon oxide film is
formed over a surface to which the base substrate is bonded as
abonding layer 9204. As the silicon oxide film, a siliconoxide
film formed by a chemical vapor deposition method using an
organiosilane gas as described above is preferably used.
Alternatively, a silicon oxide film formed by a chemical vapor
deposition method using a silane gas can be used. In film
formation by a chemical vapor deposition method, film for-
mation temperature at, for example, 350° C. or lower, at
which degassing of the ion doping layer 9203 formed in a
single-crystal semiconductor substrate does not occur, is
used. Heat treatment for separating an SOI layer from a
single-crystal or polycrystalline semiconductor substrate is
performed at a higher temperature than the film formation
temperature.

[0367] FIG. 14D shows a mode in which a surface of the
base substrate 9200 and a surface of the semiconductor sub-
strate 9201, on which the bonding layer 9204 is formed are
disposed in contact to be bonded to each other. The surfaces
which are to be bonded are cleaned sufficiently. Then, when
the base substrate 9200 and the bonding layer 9204 are dis-
posed in contact, a bond is formed. This bond is formed by
Van der Waals forces. When the base substrate 9200 and the
semiconductor substrate 9201 are pressed against each other,
a stronger bond can be formed by hydrogen bonding.

[0368] In order to form a favorable bond, the surfaces may
be activated. For example, the surfaces which are to form a
bond are irradiated with an atomic beam or an ion beam.
When an atomic beam or an ion beam is used, an inert gas
neutral atom beam or inert gas ion beam of argon or the like
can be used. Alternatively, plasma irradiation or radical treat-
ment is performed. With such a surface treatment, a bond
between different kinds of materials can be easily formed
even at a temperature of 200 to 400° C.

[0369] Afterthe base substrate 9200 and the semiconductor
substrate 9201 are bonded to each other with the bonding
layer 9204 interposed therebetween, heat treatment or pres-
sure treatment is preferably performed. When heat treatment
or pressure treatment is performed, bonding strength can be
increased. Temperature of heat treatment is preferably lower
than or equal to the upper temperature limit of the base sub-
strate 9200. Pressure treatment is performed so that pressure
is applied in a perpendicular direction to the bonded surface,
in consideration of pressure resistance of the base substrate
9200 and the semiconductor substrate 9201.

[0370] In FIG. 14E, after the base substrate 9200 and the
semiconductor substrate 9201 are bonded to each other, heat
treatment is performed to separate the semiconductor sub-
strate 9201 from the base substrate 9200 with the ion doping
layer 9203 used as a cleavage surface. The heat treatment is
preferably performed at a temperature higher than or equal to
the film formation temperature of the bonding layer 9204 and
lower than or equal to the upper temperature limit of the base
substrate 9200. When the heat treatment is performed at, for
example, 400 to 600° C., the volume of fine voids formed in
the ion doping layer 9203 is changed, so that separation can
be performed along the ion doping layer 9203. Since the
bonding layer 9204 is bonded to the base substrate 9200, the
SOI layer 9202 having the same crystallinity as the semicon-
ductor substrate 9201 remains over the base substrate 9200.

[0371] Inthis manner, in accordance with this mode, even if
a substrate with an upper temperature limit of 700° C. or
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lower, such as a glass substrate, is used as the base substrate
9200, the SOI layer 9202 having strong adhesiveness of a
bonded portion can be obtained. As the base substrate 9200,
various glass substrates which are used in the electronics
industry and are referred to as non-alkali glass substrates,
such as aluminosilicate glass substrates, aluminoborosilicate
glass substrates, and barium borosilicate glass substrates can
be used. That is, a single-crystal semiconductor layer can be
formed over a substrate which is longer than one meter on a
side. When such a large-area substrate is used, not only a
display device such as a liquid crystal display but also a
semiconductor integrated circuit can be manufactured.
[0372] The transistor formed using the above-described
semiconductor layer can be formed over a substrate which
transmits light, such as a glass substrate. Accordingly, the
pixel portion of the display device and the digital-analog
converter portion described in Embodiment 1 can be formed
over the same substrate.

[0373] The transistor formed using the above-described
semiconductor layer has high mobility and small variations in
characteristics. Therefore, by manufacturing the digital-ana-
log converter portion described in Embodiment 1 with theuse
of the transistor, the layout area of the digital-analog con-
verter portion can be made to be small.

[0374] In this manner, the structure of the transistor
described in this embodiment can be employed for the tran-
sistor included in the digital-analog converter portion
described in Embodiments 1 to 4. The digital-analog con-
verter portion described in Embodiments 1 to 4 can generate
signals corresponding to respective subpixels without using a
look-up table. Therefore, heat generation, an increase in
power consumption, or the like due to reading a look-up table
from a memory element can be prevented.

[0375] Further, since a look-up table is not used, a portion
for generating a video signal and a pixel portion can be
formed over the same substrate. Accordingly, since the num-
ber of connection between a panel and an external component
can be reduced, improvement in reliability, an increase in
yield, reduction in cost, high-definition, or the like can be
achieved.

Embodiment 8

[0376] Inthis embodiment, examples of electronic devices
will be described.

[0377] FIGS. 15A to 15H and FIGS. 16A to 16D are dia-
grams illustrating electronic devices. These electronic
devices can each include a housing 5000, a display portion
5001, a speaker 5003, an LED lamp 5004, an operation key
5005, a connecting terminal 5006, a sensor 5007 (a sensor
having a function of measuring force, displacement, position,
speed, acceleration, angular velocity, rotational frequency,
distance, light, liquid, magnetism, temperature, chemical
substance, sound, time, hardness, electric field, current, volt-
age, electric power, radiation, flow rate, humidity, gradient,
oscillation, odor, or infrared rays), a microphone 5008, and
the like.

[0378] FIG. 15A is a mobile computer which can include a
switch 5009, an infrared rays port 5010, and the like in addi-
tion to the above-described objects. FIG. 15B is a portable
image reproducing device (e.g., a DVD reproducing device)
provided with a memory medium which can include a second
display portion 5002, a memory medium reading portion
5011, and the like in addition to the above-described objects.
FIG. 15C is a goggle-type display which can include a second
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display portion 5002, a supporting portion 5012, an earphone
5013, and the like in addition to the above-described objects.
FIG. 15D is a portable game machine which can include a
memory medium reading portion 5011 and the like in addi-
tion to the above-described objects. FIG. 15E is a projector
which can include a light source 5033, a projecting lens 5034,
and the like in addition to the above-described objects. FIG.
15F is a portable game machine which can include a second
display portion 5002, a memory medium reading portion
5011, and the like in addition to the above-described objects.
FIG. 15G is a television receiver which caninclude a tuner, an
image processing portion, and the like in addition to the
above-described objects. FIG. 15H is a portable television
receiver which can include a charger 5017 which can transmit
and receive signals and the like in addition to the above-
described objects. FIG. 16A is a display which can include a
supporting board 5018 and the like in addition to the above-
described objects. FIG. 16B is a camera which can include an
external connecting port 5019, a shutter button 5015, an
image receiver portion 5016, and the like in addition to the
above-described objects. FIG. 16C is a computer which can
include a pointing device 5020, an external connecting port
5019, a reader/writer 5021, and the like in addition to the
above-described objects. FIG. 16D is a mobile phone which
can include an antenna 5014, a tuner of one-segment partial
reception service for mobile phones and mobile stations, and
the like in addition to the above-described objects.

[0379] The electronic devices shown in FIGS. 15A to 15H
and FIGS. 16A to 16D can have a variety of functions. For
example, a function of displaying a variety of information (a
still image, a moving image, a text image, and the like) on a
display portion, a touch panel function, a function of display-
ing a calendar, date, time, and the like, a function for control-
ling a process with a variety of software (programs), a wire-
less communication function, a function of being connected
to a variety of computer networks with a wireless communi-
cation function, a function of transmitting and receiving a
variety of data with a wireless communication function, a
function of reading program or data stored in a memory
medium and displaying the program or data on a display
portion, and the like can be given. Further, the electronic
device including a plurality of display portions can have a
function of displaying image information mainly on one dis-
play 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 receiver portion can
have a function of shooting a still image, a function of shoot-
ing a moving image, a function of automatically or manually
correcting a shot image, a function of storing a shot image in
a memory medium (an external memory medium or a
memory medium incorporated in the camera), a function of
displaying a shot image on the display portion, or the like.
Note that functions which can be provided for the electronic
devices shown in FIGS. 15A to 15H and FIGS. 16A to 16D
are not limited thereto, and the electronic devices can have a
variety of functions.

[0380] The electronic devices described in this embodi-
ment each include the display portion for displaying some
sort of information. By using the display device described in
Embodiment 5 for a display portion of an electronic device,
improvement in viewing angle characteristics can be
achieved. Since the display device described in Embodiment
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5 can be driven with the small number of signals, the number
of components of an electronic device can be reduced. Fur-
ther, since the display device described in Embodiment 5 does
not need a look-up table, an electronic device can be manu-
factured at low cost.

[0381] Next, applications ofa semiconductor device will be
described.
[0382] FIG.16E shows anexample in whicha semiconduc-

tor device is provided so as to be integrated with a building. In
FIG. 16E, a housing 5022, a display portion 5023, a remote
controller device 5024 which is an operation portion, a
speaker 5025, and the like are included. The semiconductor
device is integrated with the building as a hung-on-wall type
and can be provided without a large space for provision.
[0383] FIG. 16F shows another example in which a semi-
conductor device is provided so as to be integrated within a
building. The display panel 5026 is integrated with a prefab-
ricated bath 5027, so that a person who takes a bath can watch
the display panel 5026.

[0384] Note that although this embodiment gives the wall
and the prefabricated bath as examples of the building, this
embodiment is not limited to them and the semiconductor
device can be provided in a variety of buildings.

[0385] Next, an example in which the semiconductor
device is provided so as to be integrated with a moving body
will be shown.

[0386] FIG. 16G shows an example in which the semicon-
ductor device is provided in a vehicle. A display panel 5028 is
provided in a body 5029 of the vehicle and can display infor-
mation input from the operation of the body or the outside of
the body on demand. Note that the display panel 5028 may
have a navigation function.

[0387] FIG. 16H shows an example in which the semicon-
ductor device is provided so as to be integrated with a pas-
senger airplane. FIG. 16H shows a usage pattern when a
display panel 5031 is provided on a ceiling 5030 above a seat
in the passenger airplane. The display panel 5031 is integrated
with the ceiling 5030 through a hinge portion 5032, and a
passenger can watch the display panel 5031 by extending and
contracting the hinge portion 5032. The display panel 5031
has a function of displaying information when operated by
the passenger.

[0388] Note that although this embodiment gives the body
of the vehicle and the body of the plane as examples of the
moving body, this embodiment is not limited thereto. The
semiconductor device can be provided to a variety of moving
bodies such as a two-wheel motor vehicle, a four-wheel
vehicle (including a car, bus, and the like), a train (including
a monorail, a railway, and the like), and a ship.

[0389] Inthis manner, the structure of the display device in
the electronic device and the semiconductor device which are
described in this embodiment can be employed for the display
device provided with the digital-analog converter portion
described in Embodiment 5. The digital-analog converter
portion described in Embodiments 1 to 4 can generate signals
corresponding to respective subpixels without using a look-
up table. Therefore, heat generation or an increase in power
consumption, or the like due to reading a look-up table from
a memory element can be prevented.

[0390] Further, since a look-up table is not used, a portion
for generating a video signal and a pixel portion can be
formed over the same substrate. Accordingly, since the num-
ber of connection between a panel and an external component
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can be reduced, improvement in reliability, an increase in
vield, reduction in cost, or high-definition can be achieved.
[0391] This application is based on Japanese Patent Appli-
cation serial no. 2008-150608 filed with Japan Patent Office
on Jun. 9, 2008, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A liquid crystal display device comprising:

a first to nth (n is a natural number of 2 or more) subpixels
each provided with an electrode for driving a liquid
crystal element; and

a circuit having a function of converting a digital signal
with N (N is a natural number of 2 or more) bits into n
analog signals by using M (M is a natural number of 2 or
more) different voltages supplied from first to nth wiring
groups, and a function of inputting the n analog signals
to the first to nth subpixels, respectively.

2. The liquid crystal display device according to claim 1,
wherein a wiring group electrically connected to the circuit
supplies the M voltages which are different between the first
to nth wiring groups.

3. A liquid crystal display device comprising:

a first to nth (n is a natural number of 2 or more) subpixels
each provided with an electrode for driving a liquid
crystal element; and

first to nth circuits each having a function of converting a
digital signal with N (N is a natural number of 2 or more)
bits into an analog signal by using M (M is a natural
number of 2 or more) different voltages supplied from a
wiring group, and a function of inputting the analog
signal to any one of the first to nth subpixels.

4. The liquid crystal display device according to claim 3,
wherein a wiring group electrically connected to the first to
nth circuits applies the M voltages which are different
between the first to nth circuits.

5. A liquid crystal display device comprising:

a first subpixel and a second subpixel each provided with

an electrode for driving a liquid crystal element; and

a circuit having a function of converting a digital signal
with N (N is a natural number of 2 or more) bits into a
first analog signal and a second analog signal by using M
(M is a natural number of 2 or more) different voltages
supplied from a first wiring group and a second wiring
group, and a function of inputting the first analog signal
to the first subpixel and the second analog signal to the
second subpixel.

6. The liquid crystal display device according to claim 5,
wherein a wiring group electrically connected to the circuit
supplies M voltages which are different between the first
wiring group and the second wiring group.

7. A liquid crystal display device comprising:

a first to nth (n is a natural number of 2 or more) subpixels
each provided with an electrode for driving a liquid
crystal element;

a first circuit having a function of decoding a first digital
signal with N (N is a natural number of 2 or more) bits
and converting the first digital signal into a second digi-
tal signal; and

n second circuits each having a function of converting the
second digital signal into an analog signal by using M
(M is a natural number of 2 or more) different voltages
supplied from awiring group, and a function of inputting
the analog signal to any one of the first to nth subpixels.
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8. The liquid crystal display device according to claim 7,
wherein the wiring group electrically connected to each of the
n second circuits supplies M voltages which are different
between the n second circuits.

9. A liquid crystal display device comprising:

a first subpixel and a second subpixel each provided with

an electrode for driving a liquid crystal element;

a first circuit having a function of decoding a first digital
signal with N (N is a natural number of 2 or more) bits
and converting the first digital signal into a second digi-
tal signal; and

two second circuits each having a function of converting
the second digital signal into an analog signal by using
M (Mis a natural number of 2 or more) different voltages
supplied from a wiring group, and a function of inputting
the analog signal to the first subpixel or the second
subpixel.

10. The liquid crystal display device according to claim 9,
wherein a wiring group electrically connected to each of the
two second circuits supplies M voltages which are different
with respect to each of the two second circuits.

I I T T
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