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To reduce adverse effect of variations in threshold voltage.
A semiconductor device includes a transistor including a
gate connected to one electrode of a capacitor and one
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1
SEMICONDUCTOR DEVICE AND DRIVING
METHOD THEREOF

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

[This application is a continuation of U.S. application Ser.
No. 13/532,171, filed Jun. 25, 2012, now allowed, which
claims the benefit of a foreign priority application filed in
Japan as Serial No. 2011-145262 on Jun. 30, 2011, both of
which are incorporated by reference.]

This application is a Reissue application of U.S. appli-
cation Ser. No. 14/529,237, filed Oct. 31, 2014, now U.S.
Pat. No. 9,508,759, issued Nov. 29, 2016, which is a
continuation of U.S. application Ser. No. 13/532,171, filed
Jun. 25, 2012, now U.S. Pat. No. 8,878,589, issued Nov. 4,
2014, and claims the benefit of a foreign priority application
filed in Japan as Serial No. 2011-145262 on Jun. 30, 2011.
This application claims priority to each of these prior
applications, and the disclosures of the prior applications
are considered part of (and are incorporated by reference in)
the disclosure of this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to semiconductor devices,
display devices, light-emitting devices, methods for manu-
facturing these devices, and method for driving these
devices. In particular, the present invention relates to a
display device including a current-driving-type light-emit-
ting element which changes in luminance depending on
current. The present invention relates to an electronic device
including the display device.

2. Description of the Related Art

In recent years, flat panel displays such as liquid crystal
displays (LCDs) are becoming widespread. Researches on
the display (ELD) including an organic EL element, which
is not an LCD are actively carried out (Patent Document 1).
The organic EL is a current-driving-type light-emitting
element changing in luminance depending on current and
also referred to as an electroluminescent element, an organic
light-emitting diode, an OLED, or the like. For example,
methods for correcting variations in threshold voltage of
transistors have been examined (see Patent Document 1).

REFERENCE

[Patent Document 1] Japanese Published Patent Application
No. 2003-195810.

SUMMARY OF THE INVENTION

It is an object of one embodiment of the present invention
to provide a structure with which adverse effect of variations
in threshold voltage of transistors can be reduced. Alterna-
tively, it is an object of one embodiment of the present
invention to provide a novel structure with which adverse
effect of variations in mobility of transistors can be reduced.
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Alternatively, it is an object of one embodiment of the
present invention to provide a novel structure with which
adverse effect of deterioration of a transistor can be reduced.
Alternatively, it is an object of one embodiment of the
present invention to provide a novel structure with which
adverse effect of deterioration of a display element can be
reduced. Alternatively, it is an object of one embodiment of
the present invention to provide a novel structure with which
display unevenness can be reduced. Alternatively, it is an
object of one embodiment of the present invention to
provide a novel structure with which an image can be
displayed with high display quality. Alternatively, it is an
object of one embodiment of the present invention to
provide a structure which can achieve a desired circuit with
a small number of transistors. Alternatively, it is an object of
one embodiment of the present invention to provide a
structure which can achieve a desired circuit with a small
number of wirings.

Note that the descriptions of these problems do not disturb
the existence of other problems. Note that in one embodi-
ment of the present invention, there is no need to achieve all
the objects. Other objects will be apparent from and can be
derived from the description of the specification, the draw-
ings, the claims, and the like.

One embodiment of the present invention is a semicon-
ductor device which includes a transistor including a gate
electrically connected to one of electrodes of a capacitor and
one of terminals of a first switch, a source and a drain one
of which is electrically connected to one of terminals of a
second switch and one of terminals of a third switch and the
other of which is electrically connected to the other of the
terminals of the first switch and one of terminals of a fourth
switch; a first wiring electrically connected to the other of
the terminals of the second switch; a second wiring electri-
cally connected to the other of the terminals of the fourth
switch, a load including electrodes one of which is electri-
cally connected to the one of the electrodes of the capacitor
and the other of the terminals of the third switch; and a third
wiring connected to the other of the electrodes of the load.
The first wiring is electrically connected to a circuit having
a function of supplying a first potential and a second
potential. The second wiring is electrically connected to a
circuit having a function of supplying a third potential. The
third wiring is electrically connected to a circuit having a
function of supplying a fourth potential. The first potential is
lower than the fourth potential. The second potential is used
for controlling the amount of current flowing between the
second wiring supplied with the third potential and the third
wiring supplied with the fourth potential by the transistor.

One embodiment of the present invention is a semicon-
ductor device which includes a transistor including a gate
electrically connected to one of electrodes of a capacitor and
one of terminals of a first switch, a source and a drain one
of which is electrically connected to one of terminals of a
second switch and one of terminals of a third switch and the
other of which is electrically connected to the other of the
terminals of the first switch and one of terminals of a fourth
switch; a first wiring electrically connected to the other of
the terminals of the second switch; a second wiring electri-
cally connected to the other of the terminals of the fourth
switch, a load including electrodes one of which is electri-
cally connected to the one of the electrodes of the capacitor
and the other of the terminals of the third switch; and a third
wiring connected to the other of the electrodes of the load.
The first wiring is electrically connected to a circuit having
a function of supplying a first potential. The second wiring
is electrically connected to a circuit having a function of
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supplying a second potential and a third potential. The third
wiring is electrically connected to a circuit having a function
of supplying a fourth potential. The second potential is lower
than the fourth potential. The first potential is used for
controlling the amount of current flowing between the
second wiring supplied with the third potential and the third
wiring supplied with the fourth potential by the transistor.

One embodiment of the present invention is a semicon-
ductor device which includes a transistor including a gate
electrically connected to one of electrodes of a capacitor and
one of terminals of a first switch, a source and a drain one
of which is electrically connected to one of terminals of a
second switch, one of terminals of a third switch, and one of
terminals of a fourth switch and the other of which is
electrically connected to the other of the terminals of the first
switch and one of terminals of a fifth switch; a first wiring
electrically connected to the other of the terminals of the
second switch; a second wiring electrically connected to the
other of the terminals of the fourth switch; a third wiring
electrically connected to the other of the terminals of the
fifth switch; a load including electrodes one of which is
electrically connected to the one of the electrodes of the
capacitor and the other of the terminals of the third switch;
and a fourth wiring connected to the other of the electrodes
of the load. The first wiring is electrically connected to a
circuit having a function of supplying a first potential. The
second wiring is electrically connected to a circuit having a
function of supplying a second potential. The third wiring is
electrically connected to a circuit having a function of
supplying a third potential. The fourth wiring is electrically
connected to a circuit having a function of supplying a fourth
potential. The second potential is lower than the fourth
potential. The first potential is used for controlling the
amount of current flowing between the third wiring supply-
ing the third potential and the fourth wiring supplying the
fourth potential by the transistor.

In the semiconductor device according to one embodi-
ment of the present invention, the switches are transistors.

In the semiconductor device according to one embodi-
ment of the present invention, the switches are transistors
and the transistors have the same polarity.

In the semiconductor device according to one embodi-
ment of the present invention, the load is preferably the
display element with a rectification property.

In one embodiment of the present invention, adverse
effect of variations in threshold voltage of transistors can be
reduced. Alternatively, according to one embodiment of the
present invention, adverse effect of variations in mobility of
transistors can be reduced. Alternatively, according to one
embodiment of the present invention, adverse effect of
deterioration of a transistor can be reduced. Alternatively,
according to one embodiment of the present invention,
adverse effect of deterioration of a display element can be
reduced. Alternatively, according to one embodiment of the
present invention, display unevenness can be reduced. Alter-
natively, according to one embodiment of the present inven-
tion, an image can be displayed with high display quality.
Alternatively, according to one embodiment of the present
invention, a desired circuit with a small number of transis-
tors can be achieved. Alternatively, according to one
embodiment of the present invention, a desired circuit with
a small number of wirings can be achieved. Alternatively,
one embodiment of the present invention can be manufac-
tured through a small number of steps.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are circuit diagrams each illustrating an
example of a circuit of one embodiment of the present
invention.
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FIGS. 2A and 2B are circuit diagrams each illustrating an
example of a semiconductor device of one embodiment of
the present invention.

FIGS. 3A to 3C are circuit diagrams illustrating an
example of a semiconductor device of one embodiment of
the present invention.

FIGS. 4A to 4C are circuit diagrams illustrating an
example of a semiconductor device of one embodiment of
the present invention.

FIGS. 5A to 5D are circuit diagrams illustrating an
example of a semiconductor device of one embodiment of
the present invention.

FIGS. 6A to 6D are circuit diagrams each illustrating an
example of a semiconductor device of one embodiment of
the present invention.

FIG. 7 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 8 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 9 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 10 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIGS. 11A to 11D are circuit diagrams illustrating an
example of a semiconductor device of one embodiment of
the present invention.

FIGS. 12Ato 12D are circuit diagrams each illustrating an
example of a semiconductor device of one embodiment of
the present invention.

FIGS. 13A and 13B are circuit diagrams each illustrating
an example of a semiconductor device of one embodiment
of the present invention.

FIG. 14 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 15 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 16 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIGS. 17A to 17C are circuit diagrams illustrating an
example of a semiconductor device of one embodiment of
the present invention.

FIGS. 18A to 18C are circuit diagrams each illustrating an
example of a semiconductor device of one embodiment of
the present invention.

FIG. 19 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 20 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 21 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 22 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIGS. 23A to 23C are circuit diagrams illustrating an
example of a semiconductor device of one embodiment of
the present invention.
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FIG. 24 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 25 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 26 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 27 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIGS. 28A and 28B are circuit diagrams each illustrating
an example of a pixel of one embodiment of the present
invention.

FIGS. 29A and 29B are circuit diagrams each illustrating
an example of a pixel of one embodiment of the present
invention.

FIG. 30 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIGS. 31A to 31C are circuit diagrams illustrating an
example of a pixel of one embodiment of the present
invention.

FIGS. 32Ato 32C are circuit diagrams each illustrating an
example of a pixel of one embodiment of the present
invention.

FIGS. 33A to 33D are circuit diagrams illustrating an
example of a pixel of one embodiment of the present
invention.

FIGS. 34 A to 34D are circuit diagrams each illustrating an
example of a pixel of one embodiment of the present
invention.

FIG. 35 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 36 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 37 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 38 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 39 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIGS. 40A to 40D are circuit diagrams illustrating an
example of a pixel of one embodiment of the present
invention.

FIGS. 41Ato 41D are circuit diagrams each illustrating an
example of a pixel of one embodiment of the present
invention.

FIGS. 42A and 42B are circuit diagrams each illustrating
an example of a pixel of one embodiment of the present
invention.

FIG. 43 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 44 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 45 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 46 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIGS. 47A to 47C are circuit diagrams illustrating an
example of a pixel of one embodiment of the present
invention.

FIGS. 48A to 48C are circuit diagrams each illustrating an
example of a pixel of one embodiment of the present
invention.

FIG. 49 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.
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FIG. 50 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 51 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 52 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 53 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIGS. 54A to 54C are circuit diagrams illustrating an
example of a pixel of one embodiment of the present
invention.

FIG. 55 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 56 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 57 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 58 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 59 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 60 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 61 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 62 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 63 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 64 is a top view illustrating an example of a pixel of
one embodiment of the present invention.

FIG. 65 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 66 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 67 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 68 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 69 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 70 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIGS. 71A to 71E each illustrate a structure of an oxide
material of one embodiment of the present invention.

FIGS. 72A to 72C illustrate a structure of an oxide
material of one embodiment of the present invention.

FIGS. 73A to 73C are views illustrating a structure of an
oxide material of one embodiment of the present invention.

FIGS. 74A and 74B are views each illustrating a structure
of an oxide material of one embodiment of the present
invention.

FIG. 75A is a top view illustrating an example of a display
panel cell of one embodiment of the present invention and
FIG. 75B is a cross-sectional view illustrating an example of
a display panel cell of one embodiment of the present
invention.

FIGS. 76A to 76H are diagrams each illustrating an
electronic device to which a display device of one embodi-
ment of the present invention can be applied.

FIGS. 77A to 77H are diagrams each illustrating an
electronic device to which a display device of one embodi-
ment of the present invention can be applied.

FIG. 78 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.
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FIG. 79 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 80 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 81 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 82 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 83 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 84 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 85 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 86 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 87 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 88 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 89 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 90 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIGS. 91A and 91B are cross-sectional views each illus-
trating an example of a pixel of one embodiment of the
present invention.

FIGS. 92A and 92B are cross-sectional views each illus-
trating an example of a pixel of one embodiment of the
present invention.

FIG. 93 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 94 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 95 is a circuit diagram illustrating an example of a
semiconductor device of one embodiment of the present
invention.

FIG. 96 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 97 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 98 is a circuit diagram illustrating an example of a
pixel of one embodiment of the present invention.

FIG. 99 is a diagram of a display module of one embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying
drawings. Note that the present invention is not limited to
the description below, and it is easily understood by those
skilled in the art that a variety of changes and modifications
can be made without departing from the spirit and scope of
the present invention. Therefore, the present invention
should not be limited to the descriptions of the embodiments
below. Note that in the structures described below, the same
portions or portions having similar functions are denoted by
the same reference numerals in common in different draw-
ings and repetitive description thereof will be omitted.
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Note that what is described (or part thereof) in one
embodiment can be applied to, combined with, or exchanged
with another content in the same embodiment and/or what is
described (or part thereof) in another embodiment or other
embodiments.

Note that the structure of a diagram (or part of the
diagram) illustrated in one embodiment can be combined
with the structure of another part of the diagram, the
structure of a different diagram (or part of the different
diagram) illustrated in the embodiment, and/or the structure
of a diagram (or part of the diagram) illustrated in one or
more different embodiments.

Note that the size, the thickness, or regions in diagrams
are sometimes exaggerated for simplicity. Thus, one aspect
of one embodiment of the present invention is not limited to
such scales. Alternatively, the drawings are perspective
views of ideal examples. Thus, one aspect of one embodi-
ment of the present invention is not limited to shapes and the
like illustrated in the drawings. For example, the drawings
can include variations in shape due to a manufacturing
technique or dimensional deviation.

Note that an explicit description “X and Y are connected”
indicates the case where X and Y are electrically connected,
the case where X and Y are connected in terms of the
function, the case where X and Y are directly connected, or
the like. Here, each of X and Y denotes an object (e.g., a
device, an element, a circuit, a wiring, an electrode, a
terminal, a conductive film, a layer, or the like). Accordingly,
another connection relation shown in drawings and texts is
included without being limited to a predetermined connec-
tion relation, for example, the connection relation shown in
the drawings and the texts.

For example, in the case where X and Y are electrically
connected, one or more elements which enable electrical
connection between X and Y (e.g., a switch, a transistor, a
capacitor, an inductor, a resistor, a diode, a display element,
a light-emitting element, and a load) can be connected
between X and Y. Note that the switch is controlled to be
turned on or off. That is, the switch has a function of
determining whether current flows or not by being turning
on or off (becoming an on state and an off state). Alterna-
tively, the switch has a function of determining and changing
a current path. For example, the switch has a function of
determining whether current flows through a current path 1
or a current path 2 and switching the paths.

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

Note that an explicit expression “X and Y are electrically
connected” means that X and Y are electrically connected, X
and Y are functionally connected, and X and Y are directly
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connected. 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”.

Note that even when independent components are elec-
trically connected to each other in a circuit diagram, there is
the case where one conductive layer has functions of a
plurality of components (e.g., a wiring and an electrode),
such as the case where part of a wiring functions as an
electrode. The expression “electrically connected” in this
specification also means that one conductive layer has
functions of a plurality of components.

Note that it might be possible for those skilled in the art
to constitute one embodiment of the invention even when
portions to which all terminals of an active element (e.g., a
transistor or a diode), a passive element (e.g., a capacitor or
a resistor), or the like are connected are not specified. In
particular, in the case where the number of portions to which
the terminal is connected might be plural, it is not necessary
to specify the portions to which the terminal is connected.
Therefore, it might be possible to constitute one embodi-
ment of the invention by specifying only portions to which
some of terminals of an active element (e.g., a transistor or
a diode), a passive element (e.g., a capacitor or a resistor),
or the like are connected.

Note that it might be possible for those skilled in the art
to specify the invention when at least a connection portion
of'a circuit is specified. Alternatively, it might be possible for
those skilled in the art to specify the invention when at least
a function of a circuit is specified. Therefore, when a
connection portion of a circuit is specified, the circuit is
disclosed as one embodiment of the invention even when a
function is not specified, and one embodiment of the inven-
tion can be constituted. Alternatively, when a function of a
circuit is specified, the circuit is disclosed as one embodi-
ment of the invention even when a connection portion is not
specified, and one embodiment of the invention can be
constituted.

Note that various people can implement the present
invention described in this specification and the like. How-
ever, different people may implement the present invention
in a joint effort with each other. For example, when an
invention relating to a transmission/reception system is
impremented, Company A manufactures and sells transmit-
ting devices, and Company B manufactures and sells receiv-
ing devices, in some cases. As another example, when an
invention relating to a light emitting device including TFTs
and light-emitting elements is impremented, Company A
manufactures and sells semiconductor devices including
TFTs and Company B buys the semiconductor devices,
deposits light-emitting elements to the semiconductor
devices, and completes light emitting devices, in some
cases.

In such a case, with one embodiment of the present
invention, a person can file a patent infringement suit against
Company A and Company B. That is, one embodiment of the
present invention with which a person can file a patent
infringement suit against Company A and Company B is
clear and regarded as being described in this specification or
the like. For example, in the case of a transmission/reception
system, one embodiment of the present invention can be
constituted of only a transmitting device and can be consti-
tuted of only a receiving device. The embodiment of the
present invention is clear and regarded as being described in
this specification or the like. As another example, in the case
of a light emitting device including a TFT and a light-
emitting element, one embodiment of the present invention
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can be constituted of only a semiconductor device including
a TFT and can be constituted of only a light emitting device
including a TFT and a light-emitting element. The embodi-
ment of the present invention is clear and regarded as being
described in this specification or the like.

The invention excluding content which is not specified in
the drawings and texts in this specification can be consti-
tuted. Alternatively, when the range of a value (e.g., the
maximum and minimum values) is described, part of the
range is arbitrarily shortened and part of the range is
removed, so that an invention can be specified by a range
part of which is removed from the number range. In this
manner, it is possible to specify the scope of the present
invention so that a conventional technology is excluded, for
example.

As a specific example, a diagram of a circuit including a
first transistor to a fifth transistor is illustrated. In that case,
it can be specified that a circuit of an invention does not
include a sixth transistor. Alternatively, it can be specified
that a circuit of an invention does not include a capacitor.
Further alternatively, it can be specified that a circuit of an
invention does not include a sixth transistor with a particular
connection relation. Still alternatively, it can be specified
that a circuit of an invention does not include a capacitor
with a particular connection relation. For example, it can be
specified that a circuit of an invention does not include the
sixth transistor whose gate is connected to a gate of the third
transistor. Alternatively, it can be specified that a circuit of
an invention does not include the capacitor whose first
electrode is connected to the gate of the third transistor.

As another specific example, a description says that “a
voltage is preferably higher than or equal to 3 V and lower
than or equal to 10 V”. In that case, for example, it can be
specified that an invention excludes the case where the
voltage is higher than or equal to -2 V and lower than or
equal to 1 V. Alternatively, for example, it can be specified
that an invention excludes the case where the voltage is
higher than or equal to 13 V. Note that for example, it can
be specified that in an invention, the voltage is higher than
or equal to 5 V and lower than or equal to 8 V. Note that for
example, it can be specified that in an invention, the voltage
is approximately 9 V. Note that for example, it can be
specified that in an invention, the voltage is higher than or
equal to 3 V and lower than 9 V and higher than 9V and
lower than or equal to 10 V.

As another specific example, a description says that “a
voltage is preferably 10 V™. In that case, for example, it can
be specified that an invention excludes the case where the
voltage is higher than or equal to -2 V and lower than or
equal to 1 V. Alternatively, for example, it can be specified
that an invention excludes the case where the voltage is
higher than or equal to 13 V.

As another specific example, a description says about a
property of a film that “the film is an insulating film”. In that
case, for example, it can be specified that in an invention, the
insulating film is not an organic insulating film. Alterna-
tively, for example, it can be specified that in an invention,
the insulating film is not an organic insulating film.

As another specific example, a description says about a
stacked structure that “a film is provided between A and B”.
In that case, for example, it can be specified that in an
invention, the film is not a stacked film of four or more
layers. Alternatively, for example, it can be specified that in
an invention, a conductive film is not provided between A
and the film.

Embodiment 1

An embodiment of the present invention can be used for
not only a pixel including a light-emitting element but also
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a variety of analog circuits functioning as current sources.
First, in this embodiment, examples of a basic principle of
a circuit disclosed in the present invention is described.

First, FIG. 1A illustrates a circuit configuration of one
embodiment of the present invention. A semiconductor
device 10 functions as at least a current source, for example.
Accordingly, for example, the semiconductor device 10 has
a function of supplying a constant current even when the
level of voltage applied to a wiring 20 and terminals of a
load 16 is changed. For example, the semiconductor device
10 can supply a constant current to the load 16 even when
the potential of the load 16 is changed.

Note that there is a voltage source as a power source
different from a current source. The voltage source has a
function of supplying a constant voltage even when current
flowing through a circuit connected to the voltage source is
changed. Accordingly, the voltage source and the current
source both have a similar function. However, the voltage
source and the current source are different. Specifically, the
voltage source and the current source are different in what
they supply, which is voltage or current. Further, the voltage
source and the current source are different. Specifically, the
voltage source and the current source are different in param-
eter, change of which enables the voltage source or the
current source to supply voltage or current. The current
source has a function of supplying a constant current event
when voltage between both ends is changed. The voltage
source has a function of supplying a constant voltage even
when current is changed.

The circuit configuration illustrated in FIG. 1A has a
circuit for discharging electric charge held in a gate of a
transistor in order to correct variations in current character-
istics due to variations in threshold voltage of the transistor
or the like. In practice, the circuit has a connection relation
so that variations in current characteristics of the transistor
can be corrected by controlling the switching of a plurality
of switches provided between wirings.

The semiconductor device 10 illustrated in FIG. 1A
includes a switch 12, a switch 13, a switch 14, a switch 15,
a capacitor 17, and a transistor 11 which allows the semi-
conductor device 10 to operate as a current source. The
semiconductor device 10 is connected to the load 16, a
wiring 18, and the wiring 20. The load 16 is connected to a
wiring 19. Note that in this embodiment, the transistor 11
which allows the semiconductor device to operate as a
current source is an n-channel transistor, for example.

Next, a connection relation of components of the semi-
conductor device 10 is described.

A gate of the transistor 11 is connected to one of elec-
trodes (terminals) of the capacitor 17 and one of terminals of
the switch 13. A first terminal (one of a source and a drain)
of the transistor 11 is connected to one of terminals of the
switch 12 and one of terminals of the switch 14. A second
terminal (the other of the source and the drain) of the
transistor 11 is connected to the other of the terminals of the
switch 13 and one of terminals of the switch 15. Note that
one of terminals is also referred to as a first terminal and the
other of the terminals is also referred to as a second terminal.

The other of the terminals of the switch 12 is connected
to the wiring 18.

The other of the terminals of the switch 15 is connected
to the wiring 20.

One of terminals of the load 16 is connected to the other
of the terminals of the switch 14 and the other of the
electrodes (terminals) of the capacitor 17. The other of the
terminals of the load 16 is connected to the wiring 19.
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Note that in this specification, a semiconductor device
means any device which can function by utilizing semicon-
ductor characteristics; a light emitting device, a display
device, a semiconductor circuit, and an electronic device are
included as examples of the semiconductor device in some
cases.

Note that in this specification, a load means an object
having a rectifying property, an object having a capacitive
property, an object having a resistive property, a circuit
including a switch, a pixel circuit, or the like. For example,
the object having a rectifying property has current-voltage
characteristics showing different resistance values based on
the direction of an applied bias, and has an electric property
which allows current to flow only in one direction. In the
circuit configuration illustrated in FIG. 1A, for example, the
load 16 is provided so that current flows from the transistor
11 to the wiring 19.

Alternatively, other examples of the load 16 are a display
element (liquid crystal element), a light-emitting element
(an EL element), and part of a display element or a light-
emitting element (e.g., a pixel electrode, an anode electrode,
and a cathode electrode).

Note that a transistor is an element having at least three
terminals: a gate, a drain, and a source. In addition, the
transistor has a channel region between a drain (drain
terminal, a drain region, or a drain electrode) and a source
(source terminal, a source region, or a source electrode), and
current can flow through the drain, the channel region, and
the source. Here, since the source and the drain of the
transistor may change depending on the structure, the oper-
ating condition, and the like of the transistor, it is difficult to
define which is a source or a drain. Therefore, in this
document (the specification, the claims, the drawings, and
the like), a region functioning as a source and a drain is not
called the source or the drain in some cases. In such a case,
for example, 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. 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 first region and the other thereof may be referred to
as a second region. Still alternatively, one of the source and
the drain may be referred to as a source region and the other
thereof may be called a drain region.

Note that terms such as “first”, “second”, “third”, and the
like are used for distinguishing various elements, members,
regions, layers, and areas from others. Therefore, the terms
such as “first”, “second”, “third”, and the like do not limit
the number of the elements, members, regions, layers, areas,
or the like. Further, for example, “first” can be replaced with
“second”, “third”, or the like.

Note that the switch has a function of operating by
bringing terminals into a conduction state (ON) or a non-
conduction state (OFF) and a function of determining
whether or not current flows. The switch can be an electrical
switch, a mechanical switch, or the like. For example, the
switch can be formed using a transistor, a diode, and a micro
electro mechanical system (MEMS) technology similarly to
a digital micromirror device (DMD). Alternatively, the
switch may be a logic circuit in which transistors are
combined. Note that in the case of using a transistor, a
polarity (conductivity type) thereof is not particularly lim-
ited. Note that a transistor having a low off-state current is
preferably used and a configuration in which the transistor
has an appropriate polarity in accordance with an input
potential is preferable.
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Examples of a transistor with lower off-state current are a
transistor provided with an LDD region, a transistor with a
multi-gate structure, and a transistor including an oxide
semiconductor in a semiconductor layer. Alternatively in the
case where a combination of transistors functions as a
switch, a complementary switch may be employed by using
both re-channel and p-channel transistors. A complementary
switch achieves an appropriate operation even when a
potential input to the switch is relatively changed in com-
parison with an output potential.

Note that when a transistor is used as a switch, the switch
includes an input terminal (one of a source and a drain), an
output terminal (the other of the source and the drain), and
a terminal for controlling conduction (gate) in some cases.
On the other hand, when a diode is used as a switch, the
switch does not have a terminal for controlling electrical
conduction in some cases. Therefore, when a diode is used
as a switch, the number of wirings for controlling terminals
can be reduced as compared to the case of using a transistor.

Note that for example, a transistor with a structure where
gate electrodes are formed above and below a channel can
be used as a transistor. With the structure where the gate
electrodes are formed above and below the channel, a circuit
structure where a plurality of transistors are connected in
parallel is provided. Thus, a channel region is increased, so
that the amount of current can be increased. Alternatively, by
employing the structure where gate electrodes are formed
above and below the channel, a depletion layer is easily
formed; thus, a subthreshold swing (an S value) can be
reduced.

Note that for example, a transistor with a structure where
a source electrode or a drain electrode overlaps with a
channel region (or part of it) can be used as a transistor. By
using the structure where the source electrode or the drain
electrode may overlap with the channel region (or part of it),
an unstable operation due to electric charge accumulated in
part of the channel region can be prevented.

Note that the capacitor 17 may have a structure in which
an insulating film is sandwiched between wirings, semicon-
ductor layers, electrodes, or the like, for example. The
capacitor 17 has a function of capable of holding voltage in
accordance with characteristics of the transistor 11 (e.g.,
voltage in accordance with a threshold voltage and a voltage
in accordance with mobility). Alternatively, the capacitor 17
has a function of capable of holding voltage (e.g., a video
signal) in accordance with the amount of current supplied to
the load 16.

Note that as illustrated in FIG. 1B, the wiring 18 is
connected to a circuit 21 having at least a function of
supplying Vinit or Vsig by switching Vinit and Vsig, for
example. An example of the circuit 21 is a source driver
(signal line driver circuit). Accordingly, the wiring 18 has a
function of capable of transmitting or supplying Vinit and/or
Vsig.

The potential Vinit initializes the potential of each node in
the semiconductor device, for example. For example, Vinit
is supplied before Vsig which is a signal for making current
flow to the load 16.

An example of Vsig is a signal for controlling the amount
of current flowing to the load 16. Therefore, a potential to be
supplied depends on the amount of current to be supplied to
the load 16. For example, when current supplied to the load
16 is constant, Vsig is a signal with a constant potential.
When current supplied to the load 16 is not constant, Vsig
is a signal with a potential which changes over time depend-
ing on the amount of current to be supplied to the load 16.
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Note that as illustrated in FIG. 1B, the wiring 19 is
connected to a circuit 22 having at least a function of
supplying Vcat, for example. An example of the circuit 22
is a power supply circuit. Accordingly, the wiring 19 has a
function of capable of transmitting or supplying Vcat.

The potential Vcat is set to make current flow from the
first electrode side of the load 16 to the second electrode side
of the load 16 in a period in which current flows to the load
16.

Note that as illustrated in FIG. 1B, the wiring 20 is
connected to at least a circuit 23 for supplying VDD. An
example of the circuit 23 is a power supply circuit. Accord-
ingly, the wiring 20 has a function of capable of transmitting
or supplying VDD. Alternatively, the wiring 20 has a func-
tion of capable of supplying current to the transistor 11.
Alternatively, the wiring 20 has a function of capable of
supplying current to the load 16.

The potential VDD is set to make current flow from the
first electrode side of the load 16 to the second electrode side
of the load 16 through the transistor 11. Therefore, for
example, VDD is higher than Vcat.

Note that each of the switch 12, the switch 13, the switch
14, and the switch 15 which are illustrated in FIG. 1A can
be a transistor. Thus, as an example, FIG. 2A illustrates the
case where an n-channel transistor is used as each of the
switch 12, the switch 13, the switch 14, and the switch 15.
Note that components in common with those in FIG. 1A are
denoted by common reference numerals, and the description
thereof is omitted. All of the transistors have the same
polarity as illustrated in FIG. 2A, whereby the semiconduc-
tor device can be manufactured in a small number of steps.
Thus, the manufacturing cost can be reduced.

In FIG. 2A, a transistor 12T corresponds to the switch 12,
a transistor 13T corresponds to the switch 13, a transistor
14T corresponds to the switch 14, and a transistor 15T
corresponds to the switch 15.

A gate of the transistor 12T is connected to a wiring 31.
A first terminal of the transistor 12T is connected to the first
terminal of the transistor 11 and a first terminal of the
transistor 14T. A second terminal of the transistor 12T is
connected to the wiring 18. Therefore, the transistor 12T is
in a conduction state when the potential of the wiring 31 is
at an H level, and the transistor 12T is in a non-conduction
state when the potential of the wiring 31 is at an L level.

Further, a gate of the transistor 13T is connected to a
wiring 32. A first terminal of the transistor 13T is connected
to the gate of the transistor 11 and the one of the electrodes
of the capacitor 17. A second terminal of the transistor 13T
is connected to a first terminal of the transistor 15T and the
second terminal of the transistor 11. Therefore, the transistor
13T is in a conduction state when the potential of the wiring
32 is at an H level, and the transistor 13T is in a non-
conduction state when the potential of the wiring 32 is at an
L level.

Furthermore, a gate of the transistor 14T is connected to
a wiring 33. A first terminal of the transistor 14T is con-
nected to the first terminal of the transistor 11 and the first
terminal of the transistor 12T. A second terminal of the
transistor 14T is connected to the first electrode of the load
16 and the other electrode of the capacitor 17. Therefore, the
transistor 14T is in a conduction state when the potential of
the wiring 33 is at an H level, and the transistor 14T is in a
non-conduction state when the potential of the wiring 33 is
at an L level.

In addition, a gate of the transistor 15T is connected to a
wiring 34. The first terminal of the transistor 15T is con-
nected to the second terminal of the transistor 11 and the
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second terminal of the transistor 13T. A second terminal of
the transistor 15T is connected to the wiring 20. Therefore,
the transistor 15T is in a conduction state when the potential
of the wiring 34 is at an H level, and the transistor 15T is in
a non-conduction state when the potential of the wiring 34
is at an L level.

Note that for example, the wiring 31 is connected to a
circuit 24A, the wiring 32 is connected to a circuit 24B, the
wiring 33 is connected to a circuit 24C, and the wiring 34 is
connected to a circuit 24D. The circuits 24A to 24D each
have a function of supplying a signal at an H level or an L
level, for example. An example of each of the circuits 24A
to 24D is a gate driver (scan line driver circuit) or the like.
Accordingly, the wiring 31 has a function of capable of
transmitting or supplying a signal at an H level or an L level.
Alternatively, the wiring 31 has a function of capable of
controlling a conduction state of the switch 12 or the
transistor 12T. The wiring 32 has a function of capable of
controlling a conduction state of the switch 13 or the
transistor 13T. The wiring 33 has a function of capable of
controlling a conduction state of the switch 14 or the
transistor 14T. The wiring 34 has a function of capable of
controlling a conduction state of the switch 15 or the
transistor 15T.

Note that the wiring 31, the wiring 32, the wiring 33, and
the wiring 34 can function as different wirings. However,
one embodiment of the present invention is not limited
thereto. The wirings 31 to 34 can be combined into one
wiring; therefore, it is possible to form a circuit with a small
number of wirings.

For example, the wiring 31 and the wiring 32 can be
combined into one wiring. Therefore, the wiring 31 can be
connected to the wiring 32 to be one wiring. At this time, the
transistor 12T and the transistor 13T preferably have the
same polarity. FIG. 93 shows a circuit diagram of this case.

For example, the wiring 33 and the wiring 34 can be
combined into one wiring. Therefore, the wiring 33 can be
connected to the wiring 34 to be one wiring. At this time, the
transistor 14T and the transistor 15T preferably have the
same polarity. FIG. 94 shows a circuit diagram of this case.

Note that the wiring 31 and the wiring 32 can be com-
bined into one wiring and the wiring 33 and the wiring 34
can be combined into one wiring. FIG. 95 shows a circuit
diagram in that case.

In many cases, the transistor 11 operates in a saturation
region at the time of passing current. Therefore, the transis-
tor 11 preferably has a longer channel length or gate length
than the transistor 12T, the transistor 13T, the transistor 14T,
or the transistor 15T. When the channel length or the gate
length is longer, characteristics in a saturation region have a
flat slope; accordingly, a kink effect can be reduced. Note
that one embodiment of the present invention is not limited
to these examples.

In many cases, the transistor 11 operates in a saturation
region at the time of passing current. Therefore, the transis-
tor 11 preferably has a larger channel width or gate width
than the transistor 12T, the transistor 13T, the transistor 14T,
or the transistor 15T. When the channel width or the gate
width is larger, a large amount of current can flow even in
a saturation region. Note that one embodiment of the present
invention is not limited to these examples.

Next, the operation of the semiconductor device 10 illus-
trated in FIG. 1A is described. The operation of the semi-
conductor device 10 illustrated in FIG. 1A can be mainly
divided into a first operation, a second operation, and a third
operation. Note that one embodiment of the present inven-
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tion is not limited thereto, and another operation can be
added or part of the operation can be skipped.

Note that in order to explain the operation of the circuit
configuration illustrated in FIG. 1A, FIG. 2B shows symbols
representing the potentials of nodes between elements and
the potentials of wirings. FIG. 2B also shows Vgs between
the one of the terminals (mainly serving as a source) and the
gate of the transistor 11 and V¢ between the electrodes of the
capacitor 17.

A nodeA, a nodeB, a nodeC, a nodeD, a nodeE, a nodeF,
and a nodeG correspond to nodes and wirings illustrated in
FIG. 2B. The potential of the nodeA corresponds to the
potential of the wiring 18. The potential of the nodeB
corresponds to the potential of a wiring connecting the first
terminal of the transistor 11, the first terminal of the switch
12, and the first terminal of the switch 14. The potential of
the nodeC corresponds to the potential of a wiring connect-
ing the second terminal of the switch 14, the one of the
terminals of the load 16, and the other of the electrodes of
the capacitor 17. The potential of the nodeD corresponds to
the potential of the wiring 19. The potential of the nodeE
corresponds to the potential of a wiring connecting the gate
of the transistor 11, the one of electrodes of the capacitor 17,
and the first terminal of the switch 13. The potential of the
nodeF corresponds to the potential of a wiring connecting
the second terminal of the transistor 11, the second terminal
of the switch 13, and the first terminal of the switch 15. The
potential of the nodeG corresponds to the potential of the
wiring 20.

First, the first operation is described with reference to
FIG. 3A. Note that reference numerals of elements in FIG.
3 A are omitted. Note that in the drawings, a conduction state
and a non-conduction state of the switches are denoted by
ON and OFF. In addition, how Vgs, Ve, the potential of the
nodeA, the potential of the nodeB, the potential of the
nodeC, the potential of the nodeD, the potential of the
nodeE, the potential of the nodeF, and the potential of the
nodeG, which are illustrated in FIG. 2B, are applied is
described.

The first operation initializes the potential of each node.
Specifically, the nodeA is set at Vinit, the nodeD is set at
Vcat, and the nodeG is set at VDD. Then, the switch 12, the
switch 13, the switch 14, and the switch 15 are turned on.
Thus, the nodeB is set at Vinit, the nodeC is set at Vinit, the
nodeE is set at VDD, and the nodeF is set at VDD. Further,
Vgs becomes (VDD-Vinit), and Ve becomes (VDD-Vinit).

As described above, in the first operation, Vinit at the
nodeB and the nodeC is equal to or lower than Vcat at the
nodeD, for example. With this structure, current is prevented
from flowing to the load 16 in the first operation. Accord-
ingly, problems caused by current flowing to the load 16 can
be reduced. Further, when Vinit is lower than Vcat, the load
16 can be reverse biased. In that case, deterioration of the
load 16 can be reduced and the load 16 can be repaired.

In the first operation, VDD at the nodeE and the nodeF is
higher than Vcat at the nodeD. With this structure, Vgs can
be higher than the threshold voltage of the transistor 11 in
the first operation. Alternatively, electric charge can be
charged in the capacitor 17.

Next, the second operation is described with reference to
FIG. 3B, as in FIG. 3A.

The second operation is the operation for obtaining the
threshold voltage of the transistor 11 as Vgs by discharging
the potential of the gate of the transistor 11 (or the electric
charge charged in the capacitor 17). Specifically, the nodeA
is set at Vsig, the nodeD is set at Vcat, and the nodeG is set
at VDD. Then, the switch 12 and the switch 13 are turned on,
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and the switch 14 and the switch 15 are turned off. Accord-
ingly, the potential of the nodeB becomes Vsig, the potential
of'the nodeC becomes (Vinit-Vx), the potential of the nodeE
becomes (Vsig+Vth), and the potential of the nodeF
becomes (Vsig+Vth). Further, Vgs becomes Vth and Vc
becomes (Vsig+Vth-Vinit+Vx).

As described above, Vsig at the nodeB in the second
operation is the potential used for controlling the amount of
current flowing between the wiring 20 and the wiring 19
with the use of the transistor 11 in the third operation. By the
second operation, the potential of the nodeE corresponding
to the potential of the gate of the transistor 11 can be
(Vsig+Vth) which includes the threshold voltage of the
transistor 11.

In the second operation, Vx of the potential of the nodeC
(Vinit-Vx) changes when the nodeC is set in an electrically
floating state. In this case, the amount of changes in Vx
depends on a ratio of parasitic capacitance of the load 16 to
the capacitance of the capacitor 17. Note that Vx is prefer-
ably set to a low potential in advance. Specifically, the
parasitic capacitance of the load 16 is set to be sufficiently
larger than the capacitance of the capacitor 17, whereby Vx
can be low. It is preferable that the parasitic capacitance of
the load 16 be two times or more, more preferably four times
or more the capacitance of the capacitor 17.

Further, VDD at the nodeD and the nodeE in the first
operation is discharged by the second operation. By the
discharging, Vgs is decreased to the threshold voltage Vth of
the transistor 11 and is set in a steady state. Therefore, the
discharging makes the nodeD and the nodeE are set in a
steady state at (Vsig+Vth). In addition, at the time of
terminating the second operation, (Vsig+Vth-Vinit+VXx) is
held as Vc.

Note that in some cases, it takes a very long time until Vgs
becomes equal to the threshold voltage Vth of the transistor
11. Accordingly, in many case, the semiconductor device is
driven while Vgs is not completely decreased to the thresh-
old voltage Vth. That is, in many cases, the second operation
is terminated while Vgs is slightly higher than the threshold
voltage Vth. In other words, at the time of terminating the
second operation, Vgs is based on the threshold voltage.

Note that in the second operation, the switch 14 and the
switch 15 are turned off and the potential of the nodeB is set
to Vsig. These operations can be performed at the same time
or at different timings.

It is preferable that, for example, the potential of the
nodeB be changed from Vinit to Vsig at the same time as or
after the switch 14 is turned off. This is because the potential
of the nodeC can be easily held at an appropriate potential.

Alternatively, it is preferable that, for example, the poten-
tial of the nodeB be changed from Vinit to Vsig before or at
the same time as the switch 15 is turned off. This is because
the gate potential of the transistor 101 can be quickly
lowered.

Next, the third operation is described with reference to
FIG. 3C, as in FIGS. 3A and 3B.

The third operation is the operation for outputting current
to the load 16 with the use of the transistor 11 as part of a
current source. Specifically, the nodeA is set at Vsig, for
example, though it can be any potential, the nodeD is set at
Vcat, and the nodeG is set at VDD. Then, the switch 14 and
the switch 15 are turned on, and the switch 12 and the switch
13 are turned off. Accordingly, the nodeB and the nodeC
become Vel, the nodeE becomes (Vsig+Vth-Vinit+Vx+Vel),
and the nodeF becomes VDD. In addition, Vgs becomes
(Vsig+Vth-Vinit+Vx) and Vc becomes (Vsig+Vth-Vinit+
VX).
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Note that in the third operation, the potentials of the
nodeB, the nodeC, and the nodeF are increased while the
nodeE is kept in an electrically floating state. Accordingly,
the potential of the nodeE is increased by capacitive cou-
pling while (Vsig+Vth-Vinit+VXx) is held as Vc, thereby
becoming (Vsig+Vth-Vinit+Vx+Vel). That is, an increase in
the potential of the nodeC leads to an increase in the
potential of the nodeE by bootstrap operation.

The semiconductor device can operate even when the
potential of the nodeC is increased; therefore, adverse effect
of deterioration in voltage current characteristics of the load
(e.g., a display element and a light-emitting element) can be
reduced even when the deterioration is caused.

The potential Vel which is the potentials of the nodeB and
the nodeC is set when the potential of the nodeF is increased
to VDD and current flows to the load 16 through the
transistor 11 which allows the semiconductor device to
operate as a current source by the third operation. Specifi-
cally, the potential ranges from VDD to Vcat.

In the third operation, Vgs of the transistor 11 becomes
(Vsig+Vth-Vinit+Vx), which includes the threshold voltage
of the transistor 11. The amount of current of the transistor
11 depends on (Vgs—Vth). Accordingly, through the above
operations, adverse effect of variations in the threshold
voltage of the transistor on the amount of current supplied to
the load can be reduced. Alternatively, even when the
threshold voltage is changed by deterioration of the transis-
tor, adverse effect of the change can be reduced. Therefore,
in the case of a display element, display unevenness can be
reduced and display can be performed with high quality.

Note that in the third operation, the switch 12 and the
switch 13 are turned off and the switch 14 and the switch 15
are turned on. These operations can be performed at the
same time or at different timings.

For example, it is preferable that the switch 14 and the
switch 15 be turned on after the switch 12 and the switch 13
are turned off. This is because Vc can be easily held at an
appropriate potential.

Alternatively, for example, it is preferable that the switch
12 be turned off after the switch 13 is turned off. This is
because Ve can be easily held at an appropriate potential.

Note that FIG. 1A illustrates the circuit configuration of
this embodiment but one embodiment of the present inven-
tion is not limited thereto. The locations of the switches or
the number of switches can be changed and/or appropriate
voltage can be supplied so that the operations become
similar to the operations described in FIGS. 3A to 3C in
which the threshold voltage of the transistor is corrected. In
such a manner, a variety of circuits can be employed.

For example, specifically, the switch 12, the switch 13, the
switch 14, and the switch 15 can be provided at any place
and the number of switches is not limited as long as the
switches can control a conduction state and a non-conduc-
tion state between nodes. In the case of the first operation
described with reference to FIG. 3A, a connection relation
illustrated in FIG. 4A may be employed. In the case of the
second operation described with reference to FIG. 3B, a
connection relation illustrated in FIG. 4B can be employed.
In the case of the third operation described with reference to
FIG. 3C, a connection relation illustrated in FIG. 4C can be
employed. The potential of each node can have any level
unless the node affects the operations.

Note that the operation for correcting the threshold volt-
age of the transistor is described with reference to FIGS. 3A
to 3C but one embodiment of the present invention is not
limited thereto. For example, the operation for correcting
variations in the mobility of the transistor 11 may be
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performed between the second operation in FIG. 3B and the
third operation in FIG. 3C. FIGS. 5A to 5D illustrate the case
where the operation for correcting variations in the mobility
of the transistor 11 is added to the first to third operations
which are described with reference to FIGS. 3A to 3C.

Note that a first operation illustrated in FIG. 5A is the
same as the first operation described with reference to FIG.
3A; therefore, the description thereof is omitted. A second
operation illustrated in FIG. 5B is the same as the second
operation described with reference to FIG. 3B; therefore, the
description thereof is omitted.

Next, a third operation is described with reference to FIG.
5C, as in FIGS. 3A and 3B.

In the third operation, the transistor 11 is turned on with
the use of the potential held in the gate of the transistor 11
(electric charge stored in the capacitor 17), and the mobility
of the transistor 11 is corrected with the use of the amount
of current flowing therethrough. Specifically, the nodeA is
set at Vsig though it can be any potential, the nodeD is set
at Vcat, and the nodeG is set at VDD though it can be any
potential. Then, the switch 13 and the switch 14 are turned
on, and the switch 12 and the switch 15 are turned off. Then,
the amount of change in potentials of the nodeB and the
nodeC is —AVel, the nodeE and the nodeF become (Vsig+
Vth-AVel). In addition, Vgs becomes (Vth+AVel) and Vc
becomes (Vsig+Vth—Vinit+Vx-AVel).

Note that in the third operation, the potentials of the
nodeB and the nodeC are changed by turning on the switch
14. The amount of changes in the potentials corresponds to
—AVel. When the amount of change in the potentials of the
nodeB and the nodeC becomes —AVel, Vgs becomes (Vth+
AVel) and higher than the threshold voltage Vth; as a result,
current flows through the transistor 11. When current flows
through the transistor 11, each of the potentials of the nodeE
and the nodeF is decreased to (Vsig+Vth-AVel) and Vc
becomes (Vsig+Vth—Vinit+Vx-AVel).

The amount of current flowing to the transistor 11 changes
depending on the mobility of the transistor 11. Accordingly,
the potential of the nodeE corresponding to the gate of the
transistor 11 can be set so as to include the amount of change
in potential corresponding to the mobility of the transistor
11.

In the third operation, the potential of the gate of the
transistor 11 becomes (Vsig+Vth-AVel) which is set in
consideration of the mobility of the transistor 11. Accord-
ingly, through the above operations, adverse effect of varia-
tions in the mobility of the transistor on the amount of
current supplied to the load can be reduced. Alternatively,
even when mobility is changed by deterioration of the
transistor, adverse effect of the change can be reduced.

Next, a fourth operation is described with reference to
FIG. 5D, as in FIGS. 3A and 3B. Note that the fourth
operation illustrated in FIG. 5D is similar to the third
operation described with reference to FIG. 3C; therefore,
only an aspect different from the third operation with ref-
erence to FIG. 3C is described.

By the fourth operation, the nodeB and the nodeC are set
at Vel, the nodeE is set at (Vsig+Vth-Vinit+Vx-AVel+Vel),
and the nodeF is set at VDD. The potential Vgs becomes
(Vsig+Vth-Vinit+Vx-AVel) and Vc becomes (Vsig+Vth-
Vinit+Vx).

In the fourth operation, Vgs of the transistor 11 becomes
(Vsig+Vth-Vinit+Vx+AVel), which can be set in consider-
ation of the threshold voltage and the mobility of the
transistor 11. Accordingly, through the above operations,
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adverse effect of variations in the threshold voltage and the
mobility of the transistor on the amount of current supplied
to the load can be reduced.

The location of the switch or the number of switches can
be changed and appropriate voltage can be supplied so as to
achieve the similar operation to the operation described in
FIGS. 5A to 5D in which the threshold voltage of the
transistor is corrected. In such a manner, a variety of circuits
can be employed.

For example, specifically, the switch 12, the switch 13, the
switch 14, and the switch 15 can be provided any place and
the numbers thereof is not limited as long as the switches can
control a conduction state and a non-conduction state
between nodes. In the case of the first operation described
with reference to FIG. 5A, a connection relation illustrated
in FIG. 6A can be employed. In the case of the second
operation described with reference to FIG. 5B, a connection
relation illustrated in FIG. 6B can be employed. In the case
of the third operation described with reference to FIG. 5C,
a connection relation illustrated in FIG. 6C can be
employed. In the case of the fourth operation described with
reference to FIG. 5D, a connection relation illustrated in
FIG. 6D can be employed. The potential of each node can
have any level unless the node affects the operations.

Note that FIG. 1A illustrates the circuit configuration of
this embodiment but one embodiment of the present inven-
tion is not limited thereto. The number of switches or the
locations of the switches can be changed and a variety of
circuits can be employed.

For example, as in a semiconductor device 10A illustrated
in FIG. 7, the transistor 11A and the transistor 11B which
have gates connected to each other and which are connected
in series can be used as transistors which allow the semi-
conductor device to serve as a current source. Note that
components in common with those in FIG. 1A are denoted
by common reference numerals, and the description thereof
is omitted.

As another example, as in a semiconductor device 10B
illustrated in FIG. 8, the transistor 11 A and the transistor 11B
which have gates connected to each other and which are
connected in parallel can be used as transistors which allow
the semiconductor device to serve as a current source. Note
that components in common with those in FIG. 1A are
denoted by common reference numerals, and the description
thereof is omitted.

As another example, as in a semiconductor device 10C
illustrated in FIG. 9, the transistor 11A, the transistor 11B,
the transistor 11C, and the transistor 11D which have gates
connected to each other and which are connected in series
and parallel can be used as transistors which allow the
semiconductor device to serve as a current source. Note that
components in common with those in FIG. 1A are denoted
by common reference numerals, and the description thereof
is omitted.

The channel width and/or the channel length of the
transistor 11 can be changed by application of the structures
illustrated in FIG. 7, FIG. 8, and FIG. 9. With the structures
illustrated in FIG. 7, FIG. 8, and FIG. 9 in which channel
widths and/or channel lengths of a plurality of transistors
can be changed after the transistors are combined, adverse
effect of variations in characteristics of the transistors can be
smaller in comparison with the structure in which transistors
each having a large channel width and/or a large channel
length is provided in advance.

Note that FIG. 1A, FIG. 2A, or the like illustrates an
example of a circuit configuration; accordingly, a transistor
can be provided additionally. On the other hand, in each
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node in FIG. 1A, FIG. 2A, or the like, it is also possible not
to provide an additional transistor, switch, passive element,
or the like. For example, it is possible not to increase the
number of transistors directly connected to the nodeA, the
nodeB, the nodeC, the nodeD, the nodeE, the nodeF, or/and
the nodeG. Accordingly, for example, the following struc-
ture can be used: only the transistor 14T is directly con-
nected to the nodeC and the other transistors are not directly
connected to the nodeC.

Therefore, a circuit can be formed with a small number of
transistors in the case where a transistor is not added.

Note that variations in the threshold voltage or the like of
a transistor is corrected in this embodiment, but one embodi-
ment of the present invention is not limited thereto. For
example, current can be supplied to the load 16 and the
semiconductor device can be driven without performing the
operation for correcting variations in threshold voltage.

This embodiment shows an example of a basic principle.
Thus, part of or the whole of this embodiment can be freely
combined with, applied to, or replaced with part of or the
whole of another embodiment.

Embodiment 2

In this embodiment, an example of a configuration dif-
ferent from the circuit configuration of the semiconductor
device described in Embodiment 1 is described.

FIG. 10 illustrates a semiconductor device 10h having a
circuit configuration similar to the semiconductor device 10
illustrated in FIG. 1A. The semiconductor device 10h illus-
trated in FIG. 10 is different from the semiconductor device
10 illustrated in FIG. 1A in that the semiconductor device
10h is connected to a circuit 21h and a circuit 23h. The
circuit 21h has at least a function of supplying Vsig and Vinit
to the wiring 18, and the circuit 23h has at least a function
of supplying Vinit or VDD to the wiring 20, switching them
as necessary. Note that components in common with those
in FIG. 1A are denoted by common reference numerals, and
the description thereof is omitted. An example of the circuit
21h is a source driver (signal line driver circuit). Examples
of the circuit 23h are a gate driver (scan line driver circuit)
and a power supply circuit.

Next, the operation of the semiconductor device 10h
illustrated in FIG. 10 is described. The operation of the
semiconductor device 10h illustrated in FIG. 10 can be
mainly divided into a first operation, a second operation, a
third operation, and a fourth operation. One operation is
added to the operations of the semiconductor device 10
illustrated in FIG. 1A or the like. The second operation, the
third operation, and the fourth operation of the semiconduc-
tor device 10h illustrated in FIG. 10 correspond to the first
operation, the second operation, and the third operation of
the semiconductor device 10 illustrated in FIG. 1A, respec-
tively.

Note that in order to explain the operation of the circuit
configuration illustrated in FIG. 10, FIG. 10 shows symbols
representing the potentials of nodes between elements and
the potentials of wirings, as FIG. 2B does. The operation of
the circuit configuration illustrated in FIG. 10 is explained
with symbols of Vgs and Ve, as in FIG. 2B.

In the first operation, a potential for initialization is
applied to some extent at each node before initialization of
the potential of each node (initialization before initializa-
tion). Specifically, the nodeG is set at Vinit and the nodeD
is set at Vcat. The nodeA can be set at any potential. In
addition, the switch 14 and the switch 15 are turned on, and
the switch 12 and the switch 13 are turned off. The nodeB
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and the nodeC are then set at Vinit or the potential AVinit
which is close to Vinit. The nodeE is set at Vy and the nodeF
is set at Vinit. Note that Vgs and V¢ are omitted because the
first operation uses Vy which is a signal of an operation
before the first operation.

The potential Vy is input before the first operation. The
case where Vy enables the transistor 11 to operate as part of
a current source is explained. The potential Vy is set so that
current flows between the first terminal and the second
terminal of the transistor 11 in the first operation. Usually,
Vinit is very low and accordingly the transistor 11 is turned
on because of Vy in many cases.

Therefore, in the first operation, the nodeF is set at Vinit
and current flows between the first terminal and the second
terminal of the transistor 11; as a result, the nodeB and the
nodeC are set at Vinit or the potential AVinit which is close
to Vinit.

That is, the first operation decreases the potentials of the
nodeB and the nodeC. By the decrease in the potentials of
the nodeB and the nodeC in the first operation, the following
second operation can initialize the potential of each node at
high speed. In particular, when the load 16 has large capaci-
tance, the following operation can be performed smoothly
by the decrease in the potentials of the nodeB and the nodeC
in advance. Note that even if the potentials of the nodeB and
the nodeC cannot be sufficiently decreased, it is not a
problem unless subsequent operations are adversely
affected.

The second operation is the same as the first operation
described with reference to FIG. 3A and therefore the
description thereof is omitted.

In the second operation, the switch 12 and the switch 13
are turned on and the potential of the nodeG is set to VDD,
and these operations can be performed at the same time or
at different timings.

It is preferable that, for example, the potential of the
nodeG be changed from Vinit to VDD before or at the same
time as the switch 13 is turned on. This is because the
potential of the nodeE can be increased easily in that case.

Then, the third operation illustrated in FIG. 11C is the
same as the second operation described with reference to
FIG. 3B and therefore the description thereof is omitted.
Then, the fourth operation illustrated in FIG. 11D is the same
as the third operation described with reference to FIG. 3C
and therefore the description thereof is omitted.

The location of the switch or the number of switches can
be changed and appropriate voltage can be supplied so as to
achieve the similar operation to the operation described in
FIGS. 11A to 11D in which the threshold voltage of the
transistor is corrected. In such a manner, a variety of circuits
can be employed.

For example, specifically, the switch 12, the switch 13, the
switch 14, and the switch 15 can be provided any place and
the numbers thereof is not limited as long as the switches can
control a conduction state and a non-conduction state
between nodes. In the case of the first operation described
with reference to FIG. 11A, a connection relation illustrated
in FIG. 12A can be employed. In the case of the second
operation described with reference to FIG. 11B, a connec-
tion relation illustrated in FIG. 12B can be employed. In the
case of the third operation described with reference to FIG.
11C, a connection relation illustrated in FIG. 12C can be
employed. In the case of the fourth operation described with
reference to FIG. 11D, a connection relation illustrated in
FIG. 12D can be employed. The potential of each node can
have any level unless the node affects the operations.
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Note that the operation for correcting the threshold volt-
age of the transistor is described with reference to FIGS.
11A to 11D but one embodiment of the present invention is
not limited thereto. For example, the operation for correcting
variations in the mobility of the transistor 11 may be
performed between the third operation in FIG. 11C and the
fourth operation in FIG. 11D.

The operation for correcting the mobility of the transistor
11 is described with reference to FIG. 13A.

The operation for correcting the mobility of the transistor
11 is the same as the third operation described with reference
to FIG. 5C and the description thereof is omitted.

In the operation for correcting the mobility of the tran-
sistor 11, the potential of the gate of the transistor 11
becomes (Vsig+Vth-AVel) which is set in consideration of
the mobility of the transistor 11. Accordingly, through the
above operation, adverse effect of variations in the mobility
of'the transistor on the amount of current supplied to the load
can be reduced.

The location of the switch or the number of switches can
be changed and appropriate voltage can be supplied so as to
achieve the similar operation to the operation described in
FIG. 13A in which the mobility of the transistor is corrected.
In such a manner, a variety of circuits can be employed.

For example, specifically, the switch 12, the switch 13, the
switch 14, and the switch 15 can be provided any place and
the numbers thereof is not limited as long as the switches can
control a conduction state and a non-conduction state
between nodes. In the case of the operation for correcting the
mobility of the transistor described with reference to FIG.
13A, a connection relation illustrated in FIG. 13B can be
employed. The potential of each node can have any level
unless the node affects the operations.

The potential of the wiring 20 is switched between Vinit
and VDD in the circuit configuration illustrated in FIG. 10,
but another configuration can be used. For example, a
configuration illustrated in FIG. 14 may be employed: a
wiring 20A and a wiring 20B are provided instead of the
wiring 20, and Vinit is supplied from a circuit 23 A connected
to the wiring 20A and VDD is supplied from a circuit 23B
connected to the wiring 20B. At this time, a switch 15A
provided between the wiring 20A and the nodeF and a
switch 15B provided between the wiring 20B and the nodeF
may perform switching so as to achieve the similar operation
to the operation described with reference to FIGS. 11A to
11D. That is, the circuit 23A has a function of supplying
Vinit and examples of the circuit 23A are a power supply
circuit and a voltage follower circuit. The circuit 23B has a
function of supplying VDD and an example of the circuit
23B is a power supply circuit. In addition, the switching of
the switch 15A is controlled with a wiring 34A and the
switching of the switch 15B is controlled with a wiring 34B.
As an example, the wiring 34A and the wiring 34B are
connected to a circuit 25A and a circuit 25B, respectively.
The circuit 25A and the circuit 25B each have at least a
function of supplying an H-level signal or an L-level signal.
An example of each of the circuit 25A and the circuit 25B
is a gate driver (scan line driver circuit).

As described above, in the circuit configuration described
in this embodiment, initialization before initialization can be
performed by switching of the potential of the wiring 20
between Vinit and VDD. Accordingly, the potential of each
node can be initialized at high speed. In the fourth operation,
Vgs of the transistor 11 becomes (Vsig+Vth-Vinit+VXx),
which includes the threshold voltage of the transistor 11.
Accordingly, with this structure, adverse effect of variations
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in the threshold voltage of the transistor on the amount of
current supplied to the load can be reduced.

Note that FIG. 14, or the like illustrates an example of a
circuit configuration; accordingly, a transistor can be pro-
vided additionally. In each node in FIG. 14, or the like, it is
possible not to provide an additional transistor, switch, a
passive element, or the like. For example, transistors directly
connected to the nodeA, the nodeB, the nodeC, the nodeD,
the nodeE, the nodeF, or/and the nodeG are not additionally
provided. Accordingly, for example, the following structure
can be used: only the transistor 14T is directly connected to
the nodeC and the other transistors are not directly con-
nected to the nodeC.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 3

In this embodiment, an example of a configuration dif-
ferent from the circuit configurations of the semiconductor
devices described in Embodiments 1 and 2 is described.

FIG. 15 illustrates a semiconductor device 10p having a
circuit configuration similar to the semiconductor device 10
illustrated in FIG. 1A. The semiconductor device 10p illus-
trated in FIG. 15 is different from the semiconductor device
10 illustrated in FIG. 1A in that the potential supplied to the
wiring 18 is Vsig, a wiring 18p and a switch 12p are
provided, and Vinit is supplied from the wiring 18p. Note
that components in common with those in FIG. 1A are
denoted by common reference numerals, and the description
thereof is omitted.

In FIG. 15, a first terminal of the switch 12p is connected
to the first terminal of the transistor 11, the first terminal of
the switch 12, and the first terminal of the switch 14. A
second terminal of the switch 12p is connected to the wiring
18p.

Next, the operation of the semiconductor device 10h
illustrated in FIG. 15 is described. The operation of the
semiconductor device 10h illustrated in FIG. 15 can be
mainly divided into the first operation, the second operation,
and the third operation.

Note that in order to explain the operation of the circuit
configuration illustrated in FIG. 15, FIG. 16 shows symbols
representing the potentials of nodes between elements and
the potentials of wirings. FIG. 16 also shows Vgs between
the one of the terminals (mainly serving as a source) and the
gate of the transistor 11 and V¢ between the electrodes of the
capacitor 17. The switching of the switch 12p is controlled
with a wiring 31p. In FIG. 16, a circuit 26 is connected to
the wiring 31p and has at least a function of supplying an
H-level signal or an L-level signal. An example of the circuit
26 is a gate driver (scan line driver circuit). Further, in FIG.
16, a circuit 21p is connected to the wiring 18p and has a
function of supplying Vinit to the wiring 18p. An example of
the circuit 21p is a power supply circuit and a voltage
follower circuit.

A nodeA, a nodeB, a nodeC, a nodeD, a nodeE, a nodeF,
a nodeG, and a nodeH correspond to nodes and wirings
illustrated in FIG. 16. The potential of the nodeA corre-
sponds to the potential of the wiring 18. The potential of the
nodeB corresponds to the potential of a wiring connecting
the first terminal of the transistor 11, the first terminal of the
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switch 12, the first terminal of the switch 14, and the first
terminal of the switch 12p. The potential of the nodeC
corresponds to the potential of a wiring connecting the
second terminal of the switch 14, the one of the terminals of
the load 16, and the other of the electrodes of the capacitor
17. The potential of the nodeD corresponds to the potential
of the wiring 19. The potential of the nodeE corresponds to
the potential of a wiring connecting the gate of the transistor
11, the one of electrodes of the capacitor 17, and the first
terminal of the switch 13. The potential of the nodeF
corresponds to the potential of a wiring connecting the
second terminal of the transistor 11, the second terminal of
the switch 13, and the first terminal of the switch 15. The
potential of the nodeG corresponds to the potential of the
wiring 20. The potential of the nodeE the nodeH corre-
sponds to the potential of the wiring 18p.

First, the first operation is described with reference to
FIG. 17A. Note that reference numerals of elements in FIG.
17A are omitted. A conduction state and a non-conduction
state of the switches are denoted by ON and OFF. In
addition, how Vgs, Vc, the potential of the nodeA, the
potential of the nodeB, the potential of the nodeC, the
potential of the nodeD, the potential of the nodeE, the
potential of the nodeF, the potential of the nodeG, and the
potential of the nodeH, which are illustrated in FIG. 16, are
applied is described.

The first operation initializes the potential of each node.
Specifically, the nodeA is set at any potential, the nodeD is
set at Vcat, the nodeG is set at VDD, and the nodeH is set
at Vinit. Then, the switch 12p, the switch 13, the switch 14,
and the switch 15 are turned on, and the switch 12 is turned
off. Thus, the nodeB is set at Vinit, the nodeC is set at Vinit,
the nodeE is set at VDD, and the nodeF is set at VDD.
Further, Vgs becomes (VDD-Vinit), and Vc becomes
(VDD-Vinit).

The first operation described with reference to FIG. 17A
is different from that of described with reference to FIG. 3A
in Embodiment 1 in that Vinit supplied to the nodeB and the
nodeC is supplied from the wiring 18p through the switch
12p. With the structure, initialization can be performed
without change in potential of the wiring 18 and the initial-
ization of each node can be performed at high speed.
Alternatively, initialization of each node of the above semi-
conductor device 10p can be performed while a potential is
supplied from the wiring 18 to another semiconductor
device 10p connected to the wiring 18. Therefore, an opera-
tion period for the initialization can be longer.

Next, the second operation is described with reference to
FIG. 17B, as in FIG. 17A.

The second operation is the operation for obtaining the
threshold voltage of the transistor 11 with the use of Vgs by
discharging the potential of the gate of the transistor 11 (or
the electric charge of the capacitor 17). Specifically, the
nodeA is set at Vsig, the nodeD is set at Vcat, the nodeG is
set at VDD, and the nodeH is set at Vinit though it can be
any potential. Then, the switch 12 and the switch 13 are
turned on, and the switch 14, the switch 12p, and the switch
15 are turned off. Thus, the potential of the nodeB becomes
Vsig, the potential of the nodeC becomes (Vinit-Vx), the
potential of the nodeE becomes (Vsig+Vth), and the poten-
tial of the nodeF becomes (Vsig+Vth). Further, Vgs
becomes Vth and Ve becomes (Vsig+Vth—Vinit+Vx).

The second operation described with reference to FIG.
17B is different from that described in Embodiment 1 with
reference to FIG. 3B in that the switch 12p is turned off.
Therefore, the second operation in this embodiment is the
same as the second operation described with reference to
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FIG. 3B. By the second operation, the potential of the nodeE
corresponding to the potential of the gate of the transistor 11
can be (Vsig+Vth) which includes the threshold voltage of
the transistor 11.

Note that in the second operation, the switch 14, the
switch 15, and the switch 12p are turned off and the switch
12 is turned on, and these operations can be performed at the
same time or at different timings.

For example, it is preferable that the switch 12 be turned
on at the same time as or after the switch 12p is turned off.
This is because a short circuit between the nodeA and the
nodeH can be prevented easily.

Next, the third operation is described with reference to
FIG. 17C, as in FIGS. 17A and 17B.

The third operation is the operation for outputting current
to the load 16 with the use of the transistor 11 as part of a
current source. Specifically, the nodeA is set at Vsig though
it can be any potential, the nodeD is set at Vcat, the nodeG
is set at VDD, and the nodeH can be set at Vinit though it
can be any potential. Then, the switch 14 and the switch 15
are turned on, and the switch 12, the switch 12p, and the
switch 13 are turned off. Then, the nodeB and the nodeC
become Vel, the nodeE becomes (Vsig+Vth—Vinit+Vx+Vel),
and the nodeF becomes VDD. In addition, Vgs becomes
(Vsig+Vth-Vinit+Vx) and Vc becomes (Vsig+Vth—Vinit+
VX).

The third operation described with reference to FIG. 17C
is different from that described in Embodiment 1 with
reference to FIG. 3C in that the switch 12p is turned off.
Therefore, the third operation in this embodiment is the
same as the third operation described with reference to FIG.
3C. By the third operation, Vgs of the transistor 11 becomes
(Vsig+Vth-Vinit+Vx), which includes the threshold voltage
of the transistor 11. Accordingly, through the above opera-
tions, adverse effect of variations in the threshold voltage of
the transistor on the amount of current supplied to the load
can be reduced.

Note that FIG. 15 illustrates the circuit configuration of
this embodiment but one embodiment of the present inven-
tion is not limited thereto. The location of the switch or the
number of switches can be changed and appropriate voltage
can be supplied so as to achieve the similar operation to the
operation described in FIGS. 17A to 17C in which the
threshold voltage of the transistor is corrected. In such a
manner, a variety of circuits can be employed.

For example, specifically, the switch 12, the switch 12p,
the switch 13, the switch 14, and the switch 15 can be
provided any place and the numbers thereof is not limited as
long as the switches can control a conduction state and a
non-conduction state between nodes. In the case of the first
operation described with reference to FIG. 17A, a connec-
tion relation illustrated in FIG. 18A can be employed. In the
case of the second operation described with reference to
FIG. 17B, a connection relation illustrated in FIG. 18B can
be employed. In the case of the third operation described
with reference to FIG. 17C, a connection relation illustrated
in FIG. 18C can be employed. The potential of each node
can have any level unless the node affects the operations.

As described above, in the circuit configuration described
in this embodiment, the wiring 18p is provided and the
initialization can be performed with the use of Vinit supplied
from the wiring 18p through the switch 12p. Accordingly,
time for initializing the potential of each node can be long.
Alternatively, the initialization with the use of Vinit is not
necessarily performed by using the wiring 18, which can
save time allowing time for the second operation to be
longer. In the third operation, Vgs of the transistor 11
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becomes (Vsig+Vth-Vinit+Vx), which includes the thresh-
old voltage of the transistor 11. Accordingly, with this
structure, adverse effect of variations in the threshold volt-
age of the transistor on the amount of current supplied to the
load can be reduced.

Note that the operation for correcting mobility can be
performed with the use of the circuits illustrated in FIG. 15
and FIG. 16, as the operations illustrated in FIG. 5C, FIG.
6C, FIG. 13A, and FIG. 13B.

Note that FIG. 15, or the like illustrates an example of a
circuit configuration; accordingly, a transistor can be pro-
vided additionally. In each node in FIG. 15, or the like, it is
possible not to provide an additional transistor, switch, a
passive element, or the like. For example, transistors directly
connected to the nodeA, the nodeB, the nodeC, the nodeD,
the nodeE, the nodeF, or/and the nodeG are not additionally
provided. Accordingly, for example, the following structure
can be used: only the transistor 14T is directly connected to
the nodeC and the other transistors are not directly con-
nected to the nodeC.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 4

The operations of the circuit configurations are described
in Embodiments 1 to 3 under the assumption that the
parasitic capacitance of the load 16 is utilized; however,
another configuration can be used. In this embodiment, a
configuration in which a capacitor is electrically connected
in parallel to the load 16 provided in the circuit configuration
in any of the above embodiments.

FIG. 19 illustrates a semiconductor device 10c and is
different from FIG. 1A in that a capacitor 17¢ is electrically
connected in parallel to the load 16 connected to the semi-
conductor device 10c. The capacitor 17¢ can be connected to
the wiring 20 as illustrated in FIG. 78. Alternatively, the
capacitor 17¢ can be connected to the wiring 32, the wiring
33, the wiring 34, the wiring 31p, the wiring 18p, or the like.
Further alternatively, the capacitor 17¢ can be connected to
the wiring 32, the wiring 33, the wiring 34, the wiring 31p,
or the like of another semiconductor device 10c. Further,
FIG. 20 illustrates a semiconductor device 10hc and is
different from FIG. 14 in that the capacitor 17¢ is electrically
connected in parallel to the load 16 connected to the semi-
conductor device 10hc. The capacitor 17¢ can be connected
to the wiring 20A or the wiring 20B as illustrated in FIG. 79
or FIG. 80. Moreover, FIG. 21 illustrates a semiconductor
device 10pc and is different from FIG. 15 in that a capacitor
17c is electrically connected in parallel to the load 16
connected to the semiconductor device 10hc. The capacitor
17¢ can be connected to the wiring 18p as illustrated in FIG.
81.

The capacitor 17c¢ is electrically connected to the load 16
as illustrated in FIG. 19, FIG. 20, and FIG. 21, so that
variations in electric charge at the nodeC can be small or Vx
can be low in the operation for initialization and the opera-
tion for obtaining threshold voltage which are described in
any of the above embodiments. When Vx can be low, the
semiconductor device can supply a more accurate amount of
current to the load 16.
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This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 5

In this embodiment, a configuration different from the
circuit configurations of the semiconductor devices
described in Embodiments 1 to 4 is described.

FIG. 22 illustrates a semiconductor device 10hm having
a circuit configuration similar to the semiconductor device
10 illustrated in FIG. 1A. The semiconductor device 10hm
illustrated in FIG. 22 is different from the semiconductor
device 10 illustrated in FIG. 1A in that the semiconductor
device 10hm is connected to a circuit 22m. The circuit 22m
which has a function of supplying a potential to the wiring
19 has a function of supplying Vup or Vcat, switching them
as necessary. Note that components in common with those
in FIG. 1A are denoted by common reference numerals, and
the description thereof is omitted.

The potential Vup can be higher than Vcat. The potential
Vup is high, so that Vinit is prevented from being too low.

Next, the operation of the semiconductor device 10hm
illustrated in FIG. 22 is described. The operation of the
semiconductor device 10hm illustrated in FIG. 22 can be
mainly divided into a first operation, a second operation, and
a third operation.

Note that in order to explain the operation of the circuit
configuration illustrated in FIG. 22, FIG. 22 shows symbols
representing the potentials of nodes between elements and
the potentials of wirings, as FIG. 2B does. The operation of
the circuit configuration illustrated in FIGS. 23A to 23C is
explained with symbols of Vgs and Ve, as in FIG. 2B.

The first operation illustrated in FIG. 23 A is the same as
the first operation described with reference to FIG. 3A
except that the nodeD is set at Vup. The description of the
same portions is omitted. When the nodeD is set at Vup,
current flowing to the load 16 in the first operation can be
reduced more surely. Alternatively, a normal operation can
be performed with ease without making Vinit extremely low.
Therefore, another potential can have smaller amplitude,
resulting in reduction in power consumption.

The potential Vup is higher than Vinit and Vsig. Alterna-
tively, Vup is approximately equal to Vinit. Note that the
potential is preferably set so as not to cause dielectric
breakdown of the load 16.

The second operation illustrated in FIG. 23B is the same
as the second operation described with reference to FIG. 3B
except that the nodeD is set at Vup. The description of the
same portions is omitted. When the nodeD is set at Vup,
current flowing to the load 16 in the second operation can be
reduced more surely.

Then, the third operation illustrated in FIG. 23C is the
same as the third operation described with reference to FIG.
31C and therefore the description thereof is omitted. Note
that the third operation illustrated in FIG. 23C is different
from the first operation described with reference to FIG. 23A
and the second operation described with reference to FIG.
23B in that the nodeD is set at Vcat and current flows
through the load.

With the structure described with reference to FIGS. 23A
to 23C, only when the transistor 11 is completely set to allow
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the semiconductor device to serve as a current source,
current can flow without causing malfunction.

Note that the operation for correcting mobility can be
performed with the use of the circuits illustrated in FIG. 22,
as the circuits illustrated in FIG. 5C, FIG. 6C, FIG. 13A, and
FIG. 13B.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 6

In this embodiment, the structure used for part of a signal
line driver circuit of a display device including the semi-
conductor device described in any of the above embodi-
ments is explained.

As illustrated in FIG. 24, a display device 41 to which the
semiconductor device described in any of the above embodi-
ments is applied includes a pixel region 42, a gate line driver
circuit 43, and a signal line driver circuit 44. The gate line
driver circuit 43 sequentially outputs a select signal to the
pixel region 42. The signal line driver circuit 44 sequentially
outputs a video signal to the pixel region 42. The pixel
region 42 displays an image by controlling the state of light
in accordance with a video signal. The video signal input
from the signal line driver circuit 44 to the pixel region 42
is a current. That is, a display element and an element for
controlling the display element arranged in each pixel
change their states according to the video signal (current)
input from the signal line driver circuit 44. Examples of the
display elements arranged in pixels are an EL element, an
element used in an FED (Field Emission Display), a liquid
crystal element, electronic ink, an electrophoresis element, a
grating light valve (GLV), and the like. Display devices
having liquid crystal elements include a liquid crystal dis-
play (e.g., a transmissive liquid crystal display, a transflec-
tive liquid crystal display, a reflective liquid crystal display,
a direct-view liquid crystal display, or a projection liquid
crystal display) and the like. Display devices having elec-
tronic ink or electrophoretic elements include electronic
paper and the like.

Note that the number of the gate line driver circuits 43 and
the signal line driver circuits 44 may be more than one.

The signal line driver circuit 44 can be divided into a
plurality of portions in its configuration. As an example, it
can be roughly divided into a shift register 45, a first latch
circuit 46 (LAT1), a second latch circuit 47 (LAT2), and a
digital to analog converter circuit 48. The digital to analog
converter circuit 48 has a function of converting a voltage
into a current, and it may also have a function of providing
a gamma correction. That is, the digital to analog converter
circuit 48 has a circuit which outputs a current (video signal)
to a pixel, namely a current source circuit to which the
semiconductor device described in any of the above embodi-
ments can be applied.

In addition, a pixel has a display element such as an EL
element. The pixel has a circuit which outputs a current
(video signal) to the display element, namely a current
source circuit to which the semiconductor device described
in any of the above embodiments can also be applied.

Next, the operation of the signal line driver circuit 44 is
described briefly. The shift register 45 is formed by using a
plurality of columns of flip-flop circuits (FFs) and the like,
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and a clock signal (S-CLK), a start pulse (SP), and an
inverted clock signal (S-CLKDb) are input to the shift register
45. Sampling pulses are sequentially outputted in accor-
dance with these signals.

The sampling pulse outputted from the shift register 45 is
input to the first latch circuit 46 (LAT1). The first latch
circuit 46 (LAT1) is input with a video signal (VS) from the
video signal line and holds a video signal in each column in
response to the timing at which the sampling pulses are
input. Note that a video signal has a digital value in the case
where the digital to analog converter circuit 48 is disposed.
Further, a video signal in this stage is often a voltage.

However, in a case where the first latch circuit 46 and the
second latch circuit 47 are circuits which can store analog
values, the digital to analog converter circuit 48 can be
omitted in many cases. In that case, a video signal is a
current in many cases. Further, in a case where data output
to the pixel region 42 has a binary value, that is a digital
value, the digital to analog converter circuit 48 can be
omitted in many cases.

When the retainment of the video signals up to the last
column is completed in the first latch circuit 46 (LAT1), a
latch pulse LP is input from a latch control line in a
horizontal retrace period and the video signals held in the
first latch circuit 46 (LAT1) are transferred to the second
latch circuit 47 (LAT2) all at once. After that, the video
signals of one row, which are held in the second latch circuit
47 (LAT2), are input to the digital to analog converter circuit
48 at once. Then, a signal output from the digital to analog
converter circuit 48 is input to the pixel region 42.

While the video signal held in the second latch circuit 47
(LAT?2) is input to the digital to analog converter circuit 48
and then inputted to the pixel region 42, a sampling pulse is
outputted from the shift register 45 again. In other words,
two operations are performed at the same time. Accordingly,
a line sequential driving can be enabled. These operations
are repeated thereafter.

When a current source circuit in the digital to analog
converter circuit 48 is a circuit which performs the set
operation and the output operation, a circuit to supply a
current to the current source circuit is required. In that case,
a reference current source circuit 49 is disposed.

Note that a part or all of the signal line driver circuit may
be provided outside a substrate having the pixel region 42,
and for example, it may be constructed of an external IC
chip. In that case, the IC chip and the substrate are connected
by using COG (Chip On Glass), TAB (Tape Auto Bonding),
a printed substrate or the like.

Note that a configuration of the signal line driver circuit
or the like is not limited to FIG. 24.

For example, in a case where the first latch circuit 46 and
the second latch circuit 47 can store analog values, a video
signal VS (analog current) is input to the first latch circuit 46
(LAT1) from a reference current source circuit 50 as illus-
trated in FIG. 25 in some cases. Further, the second latch
circuit 47 is not included in FIG. 25 in some cases.

Next, a specific configuration where the semiconductor
device described in any of the above embodiments is applied
to the signal line driver circuit 44 is described.

First, FIG. 26 illustrates an example of a circuit configu-
ration of the semiconductor device described in any of the
above embodiments which is applied to the signal line driver
circuit. The semiconductor device 10_1 illustrated in FIG.
26 has the configuration similar to the semiconductor device
10 described with reference to FIG. 1A in Embodiment 1.
Note that components in common with those in FIG. 1A are
denoted by common reference numerals, and the description
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thereof is omitted. Current in accordance with Vsig of the
circuit 21 can be output to the load because variations in the
threshold voltage of the transistor 11 can be reduced.

Supply of current in accordance with Vsig set in the
semiconductor device 10_1 is controlled by the switching of
a switch 60_1 provided between the semiconductor device
10_1 and the load 16. In that case, for example, the plurality
of semiconductor devices 10_1 are provided and the amount
of current flowing to the load can be controlled by the
switches 60_1.

For example, the following structure illustrated in FIG. 27
can be also used: the semiconductor devices 10_1 to 10_3
are provided as the plurality of semiconductor devices and
the amount of current flowing to the load 16 is changed by
control of the switches 60_1 to 60_3. The amounts of
currents flowing at the semiconductor devices 10_1 to 10_3
are set in the circuit 21 so as to differ from each other or be
the same as each other, and the amount of current flowing to
the load 16 may be controlled by the switching of the
switches.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 7

In this embodiment, an example of the case where the
circuit configuration which is one embodiment of the present
invention is applied to a pixel of a display device is
described.

FIG. 28A illustrates a circuit configuration of a pixel.
Note that in this embodiment, an re-channel transistor is
described as an example. In the structure described below, a
light-emitting element is used as a display element included
in the pixel.

The circuit configuration illustrated in FIG. 28A has a
circuit for discharging electric charge held in a gate of a
transistor in order to correct variations in current character-
istics due to variations in threshold voltage of the transistor
or the like. In practice, the pixel circuit has a connection
relation so that variations in current characteristics of the
transistor can be corrected by controlling the switching of a
plurality of switches provided between wirings.

The pixel 100 illustrated in FIG. 28A includes a switch
102, a switch 103, a switch 104, a switch 105, a light-
emitting element 106, a capacitor 107, and a transistor 101
which allows the pixel 100 to operate as a current source.
Note that in this embodiment, the transistor 101 which
allows the semiconductor device to operate as a current
source is an n-channel transistor, for example.

Next, a connection relation of components in the pixel
100 is described.

A gate of the transistor 101 is connected to one of
electrodes of the capacitor 107 and one of terminals of the
switch 103. A first terminal (one of a source and a drain) of
the transistor 101 is connected to one of terminals of the
switch 102 and one of terminals of the switch 104. A second
terminal (the other of the source and the drain) of the
transistor 101 is connected to the other of the terminals of
the switch 103 and one of terminals of the switch 105. Note
that one of terminals is also referred to as a first terminal and
the other of the terminals is also referred to as a second
terminal.
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The other of the terminals of the switch 102 is connected
to the wiring 108.

The other of the terminals of the switch 105 is connected
to the wiring 110.

One of electrodes of the light-emitting element 106 is
connected to the other of the terminals of the switch 104 and
the other of the electrodes of the capacitor 107. The other of
the electrodes of the light-emitting element 106 is connected
to the wiring 109.

Note that in this embodiment, a pixel corresponds to a
display unit controlling the luminance of one color compo-
nent (e.g., any one of R (red), G (green), and B (blue)).
Therefore, in a color display device, the minimum display
unit of a color image is composed of three pixels of an R
pixel, a G pixel and a B pixel. Note that the color of the color
elements is not necessarily of three varieties and may be of
three or more varieties or may include a color other than
RGB.

An example of the light-emitting element is an EL ele-
ment. Examples of an EL element are an element including
an anode, a cathode, and an EL layer interposed between the
anode and the cathode, and the like. Examples of an EL layer
are a layer utilizing light emission (fluorescence) from a
singlet exciton, a layer utilizing light emission (phospho-
rescence) from a triplet exciton, a layer utilizing light
emission (fluorescence) from a singlet exciton and light
emission (phosphorescence) from a triplet exciton, a layer
formed using an organic material, a layer formed using an
inorganic material, a layer formed using an organic material
and an inorganic material, a layer including a high-molecu-
lar material, a layer including a low-molecular material, a
layer including a high-molecular material and a low-mo-
lecular material, and the like. Note that the present invention
is not limited thereto, and various types of EL. elements can
be used.

Note that as illustrated in FIG. 28B, the wiring 108 is
connected to a circuit 121 having at least a function of
supplying Vinit or Vsig by switching Vinit and Vsig. An
example of the circuit 121 is a source driver (signal line
driver circuit). Accordingly, the wiring 108 has a function of
capable of transmitting or supplying Vinit and/or Vsig.

The potential Vinit initializes the potential of each node in
the pixel before Vsig which is a video signal is supplied, for
example. Note that Vinit may be different depending on
pixels, rows, or columns. Alternatively, Vinit may be dif-
ferent depending on colors of pixels.

An example of Vsig is a video signal. Therefore, the
potential to be supplied to pixels depends on an image to be
displayed. When the image to be displayed is a moving
image, the potential to be supplied varies over time in some
cases. Further, when the image to be displayed is a still
image, the fixed potential is supplied in some cases.

Note that as illustrated in FIG. 28B, the wiring 109 is
connected to a circuit 122 having at least a function of
supplying Vcat, for example. An example of the circuit 122
is a power supply circuit. Accordingly, the wiring 109 has a
function of capable of transmitting or supplying Vcat.

The potential Vcat is set to make current flow from the
side of one of electrodes (an anode) of the light-emitting
element 106 to the side of the other of the electrodes
(cathode) of the light-emitting element 106 in a period in
which the light-emitting element 106 emits light. If the
cathodes of the light-emitting elements 106 in pixels are the
same, the wiring of each pixel is supplied with Vcat. The
potential Vcat may be different depending on pixels, rows,
or columns. Alternatively, Vcat may be different depending
on colors of pixels.
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Note that as illustrated in FIG. 28B, the wiring 110 is
connected to at least a circuit 123 for supplying VDD. An
example of the circuit 123 is a power supply circuit. Accord-
ingly, the wiring 110 has a function of capable of transmit-
ting or supplying VDD. Alternatively, the wiring 110 has a
function of capable of supplying current to the transistor
101. Alternatively, the wiring 110 has a function of capable
of supplying current to the light-emitting element 106.

The potential VDD is set to make current flow from the
side of the one of the electrodes of the light-emitting element
106 to the side of the other of the electrodes of the light-
emitting element 106 through the transistor 101. Therefore,
for example, VDD is higher than Vcat. When the charac-
teristics of the light-emitting elements 106 in pixels are the
same, the same VDD can be supplied to the wiring of each
pixel. The potential VDD may be different depending on
pixels, rows, or columns. Alternatively, VDD may be dif-
ferent depending on colors of pixels.

Note that each of the switch 102, the switch 103, the
switch 104, and the switch 105 which are illustrated in FIG.
28A can be a transistor. Thus, as an example, FIG. 29A
illustrates the case where an n-channel transistor is used as
each of the switch 102, the switch 103, the switch 104, and
the switch 105. Note that components in common with those
in FIG. 28A are denoted by common reference numerals,
and the description thereof is omitted. All of the transistors
have the same polarity as illustrated in FIG. 29A, whereby
the semiconductor device can be manufactured in a small
number of steps. Thus, the manufacturing cost can be
reduced.

In FIG. 29A, a transistor 1027T corresponds to the switch
102, a transistor 103T corresponds to the switch 103, a
transistor 1047T corresponds to the switch 104, and a tran-
sistor 105T corresponds to the switch 105.

A gate of the transistor 1027T is connected to a wiring 131.
A first terminal of the transistor 102T is connected to the first
terminal of the transistor 101 and a first terminal of the
transistor 104T. A second terminal of the transistor 1027 is
connected to the wiring 108. Therefore, the transistor 102T
is in a conduction state when the potential of the wiring 131
is at an H level, and the transistor 102T is in a non-
conduction state when the potential of the wiring 131 is at
an L level.

Further, a gate of the transistor 103 7T is connected to a
wiring 132. A first terminal of the transistor 103T is con-
nected to the gate of the transistor 101 and the one of the
electrodes of the capacitor 107. A second terminal of the
transistor 103T is connected to a first terminal of the
transistor 105T and the second terminal of the transistor 101.
Therefore, the transistor 103T is in a conduction state when
the potential of the wiring 132 is at an H level, and the
transistor 1037 is in a non-conduction state when the poten-
tial of the wiring 132 is at an L level.

Furthermore, a gate of the transistor 1047 is connected to
a wiring 133. A first terminal of the transistor 1047 is
connected to the first terminal of the transistor 101 and the
first terminal of the transistor 1027T. A second terminal of the
transistor 1047T is connected to the first electrode of the
light-emitting element 106 and the other electrode of the
capacitor 107. Therefore, the transistor 104T is in a con-
duction state when the potential of the wiring 133 is at an H
level, and the transistor 104T is in a non-conduction state
when the potential of the wiring 133 is at an L level.

In addition, a gate of the transistor 105T is connected to
a wiring 134. The first terminal of the transistor 105T is
connected to the second terminal of the transistor 101 and
the second terminal of the transistor 1037T. A second terminal
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of the transistor 105T is connected to the wiring 110.
Therefore, the transistor 105T is in a conduction state when
the potential of the wiring 134 is at an H level, and the
transistor 1057 is in a non-conduction state when the poten-
tial of the wiring 134 is at an L level.

Note that the wiring 131, the wiring 132, the wiring 133,
and the wiring 134 can function as different wirings. How-
ever, one embodiment of the present invention is not limited
thereto. The wirings 131 to 134 can be combined into one
wiring; therefore, it is possible to form a circuit with a small
number of wirings.

For example, the wiring 131 and the wiring 132 can be
combined into one wiring. Therefore, the wiring 131 can be
connected to the wiring 132 to be one wiring. At this time,
the transistor 1027T and the transistor 103T preferably have
the same polarity. FIG. 96 shows a circuit diagram of this
case.

For example, the wiring 133 and the wiring 134 can be
combined into one wiring. Therefore, the wiring 133 can be
connected to the wiring 134 to be one wiring. At this time,
the transistor 1047 and the transistor 105T preferably have
the same polarity. FIG. 97 shows a circuit diagram of this
case.

Note that the wiring 131 and the wiring 132 can be
combined into one wiring and the wiring 133 and the wiring
134 can be combined into one wiring. FIG. 98 shows a
circuit diagram in that case.

In many cases, the transistor 101 operates in a saturation
region at the time of passing current. Therefore, the transis-
tor 101 preferably has a longer channel length or gate length
than the transistor 1027T, the transistor 1037, the transistor
1047, or the transistor 105T. When the channel length or the
gate length is longer, characteristics in a saturation region
have a flat slope; accordingly, a kink effect can be reduced.
Note that one embodiment of the present invention is not
limited to these examples.

In many cases, the transistor 101 operates in a saturation
region at the time of passing current. Therefore, the transis-
tor 101 preferably has a larger channel width or gate width
than the transistor 1027T, the transistor 1037, the transistor
104T, or the transistor 105T. When the channel width or the
gate width is larger, a large amount of current can flow even
in a saturation region. Note that one embodiment of the
present invention is not limited to these examples.

Here, a display device including the pixel 100 is described
with reference to a block diagram of FIG. 30.

The display device includes a signal line driver circuit
201, a scan line driver circuit 202A, a scan line driver circuit
202B, a scan line driver circuit 202C, a scan line driver
circuit 202D, and a pixel region 203. The pixel region 203
is provided with a plurality of signal lines S1 to Sn (n is a
natural number) extended from the signal line driver circuit
201 in a column direction; a plurality of scan lines Gal to
Gam (m is a natural number) extended from the scan line
driver circuit 202A in a row direction; a plurality of scan
lines Gb1 to Gbm extended from the scan line driver circuit
202B in a row direction; a plurality of scan lines Gel to Gem
extended from the scan line driver circuit 202C in a row
direction; a plurality of scan lines Gdl to Gdm extended
from the scan line driver circuit 202D in a row direction; a
plurality of pixels 100 provided in matrix, connected to
respective signal lines S1 to Sn, and connected to respective
scan lines Gal to Gam, Gbl to Gbm, Gel to Gem, and Gdl
to Gdm; and power supply lines P1 to Pn which are parallel
to the signal lines S1 to Sn. The pixel 100 is connected to the
signal line Sj (one of the signal lines S1 to Sn), the scan line
Gai (one of the scan lines Gal to Gam), the scan line Gbi
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(one of the scan lines Gb1 to Gbm), the scan line Gei (one
of the scan lines Gel to Gem), the scan line Gdi (one of the
scan lines Gd1 to Gdm), and the power supply line Pj (one
of the power supply lines P1 to Pn). Note that i and j are
natural numbers.

The scan line Gai corresponds to the wiring 131 in FIG.
29A. The scan line Gbj corresponds to the wiring 132 in
FIG. 29A. The scan line Gcj corresponds to the wiring 133
in FIG. 29A. The scan line Gdj corresponds to the wiring
134 in FIG. 29A. The signal line Sj corresponds to the
wiring 108 in FIG. 29A. The power supply line Pj corre-
sponds to the wiring 110 in FIG. 29A. Although not illus-
trated in FIG. 30, a cathode line which the pixels use in
common and the cathode line corresponds to the wiring 109.

A scan line is selected with the use of a signal output from
the scan line driver circuits 202A to 202D. The potential of
each node of the pixels 100 connected to the selected scan
line is initialized (first operation). Then, a video signal is
written to the initialized pixel 100 to obtain the threshold
voltage of a transistor (second operation). After the thresh-
old voltage of the transistor is obtained by writing of the
video signal, the operation moves to light emission. The
pixel emits light in accordance with the video signal written
to the pixel (third operation). In this manner, the initializa-
tion of the pixel 100, obtaining of the threshold voltage, and
light-emitting operation are sequentially performed.

Next, the operation of the pixel 100 illustrated in FIG.
28A is described. The operation of the pixel 100 illustrated
in FIG. 28A can be mainly divided into a first operation, a
second operation, and a third operation. Note that one
embodiment of the present invention is not limited thereto,
and another operation can be added or part of the operation
can be skipped.

Note that in order to explain the operation of the circuit
configuration illustrated in FIG. 28A, FIG. 29B shows
symbols representing the potentials of nodes between ele-
ments and the potentials of wirings. FIG. 29B also shows
Vgs between the one of the terminals (mainly serving as a
source) and the gate of the transistor 101 and V¢ between the
electrodes of the capacitor 107.

A nodeA, a nodeB, a nodeC, a nodeD, a nodeE, a nodeF,
and a nodeG correspond to nodes and wirings illustrated in
FIG. 29B. The potential of the nodeA corresponds to the
potential of the wiring 108. The potential of the nodeB
corresponds to the potential of a wiring connecting the first
terminal of the transistor 101, the first terminal of the switch
102, and the first terminal of the switch 104. The potential
of the nodeC corresponds to the potential of a wiring
connecting the second terminal of the switch 104, the one of
the electrodes of the light-emitting element 106, and the
other of the electrodes of the capacitor 107. The potential of
the nodeD corresponds to the potential of the wiring 109.
The potential of the nodeE corresponds to the potential of a
wiring connecting the gate of the transistor 101, the one of
electrodes of the capacitor 107, and the first terminal of the
switch 103. The potential of the nodeF corresponds to the
potential of a wiring connecting the second terminal of the
transistor 101, the second terminal of the switch 103, and the
first terminal of the switch 105. The potential of the nodeG
corresponds to the potential of the wiring 110.

First, the first operation is described with reference to
FIG. 31A. Note that reference numerals of elements in FIG.
31A are omitted. Note that in the drawings, a conduction
state and a non-conduction state of the switches are denoted
by ON and OFF. In addition, how Vgs, V¢, the potential of
the nodeA, the potential of the nodeB, the potential of the
nodeC, the potential of the nodeD, the potential of the
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nodeE, the potential of the nodeF, and the potential of the
nodeG, which are illustrated in FIG. 29B, are applied is
described.

The first operation initializes the potential of each node in
the pixel 100. Specifically, the nodeA is set at Vinit, the
nodeD is set at Vcat, and the nodeG is set at VDD. Then, the
switch 102, the switch 103, the switch 104, and the switch
105 are turned on. Thus, the nodeB is set at Vinit, the nodeC
is set at Vinit, the nodeE is set at VDD, and the nodeF is set
at VDD. Further, Vgs becomes (VDD-Vinit), and Vc
becomes (VDD-Vinit).

As described above, in the first operation, Vinit at the
nodeB and the nodeC is equal to or lower than Vcat at the
nodeD, for example. With this structure, current is prevented
from flowing to the light-emitting element 106 in the first
operation. Accordingly, problems caused by current flowing
to the light-emitting element 106 can be reduced. Further,
when Vinit is lower than Vcat, the light-emitting element
106 can be reverse biased. In that case, deterioration of the
light-emitting element 106 can be reduced and the light-
emitting element 106 can be repaired.

In the first operation, VDD at the nodeE and the nodeF is
higher than Vcat at the nodeD. With this structure, Vgs can
be higher than the threshold voltage of the transistor 101 in
the first operation. Alternatively, electric charge can be
charged in the capacitor 107.

Next, the second operation is described with reference to
FIG. 31B, as in FIG. 31A.

The second operation is the operation for obtaining the
threshold voltage of the transistor 101 as Vgs by discharging
the potential of the gate of the transistor 101 (or the electric
charge charged in the capacitor 107). Specifically, the nodeA
is set at Vsig, the nodeD is set at Vcat, and the nodeG is set
at VDD. Then, the switch 102 and the switch 103 are turned
on, and the switch 104 and the switch 105 are turned off.
Accordingly, the potential of the nodeB becomes Vsig, the
potential of the nodeC becomes (Vinit—Vx), the potential of
the nodeE becomes (Vsig+Vth), and the potential of the
nodeF becomes (Vsig+Vth). Further, Vgs becomes Vth and
Ve becomes (Vsig+Vth—Vinit+Vx).

As described above, Vsig at the nodeB in the second
operation is the potential used for controlling the amount of
current flowing between the wiring 110 and the wiring 109
with the use of the transistor 101 in the third operation. By
the second operation, the potential of the nodeE correspond-
ing to the potential of the gate of the transistor 101 can be
(Vsig+Vth) which includes the threshold voltage of the
transistor 101.

In the second operation, Vx of the potential of the nodeC
(Vinit-Vx) changes when the nodeC is set in an electrically
floating state. In this case, the amount of changes in Vx
depends on a ratio of capacitance of the light-emitting
element 106 to the capacitance of the capacitor 107. Note
that Vx is preferably set to a low potential in advance.
Specifically, the capacitance of the light-emitting element
106 is set to be sufficiently larger than the capacitance of the
capacitor 107, whereby Vx can be low. It is preferable that
the capacitance of the light-emitting element 106 be two
times or more, more preferably four times or more the
capacitance of the capacitor 107.

Further, VDD at the nodeD and the nodeE in the first
operation is discharged by the second operation. By the
discharging, Vgs is decreased to the threshold voltage Vth of
the transistor 101 and is set in a steady state. Therefore, the
discharging makes the nodeD and the nodeE are set in a
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steady state at (Vsig+Vth). In addition, at the time of
terminating the second operation, (Vsig+Vth-Vinit+VXx) is
held as Vc.

Note that in some cases, it takes a very long time until Vgs
becomes equal to the threshold voltage Vth of the transistor
101. Accordingly, in many case, the semiconductor device is
driven while Vgs is not completely decreased to the thresh-
old voltage Vth. That is, in many cases, the second operation
is terminated while Vgs is slightly higher than the threshold
voltage Vth. In other words, at the time of terminating the
second operation, Vgs is based on the threshold voltage.

Note that in the second operation, the switch 104 and the
switch 105 are turned off and the potential of the nodeB is
set to Vsig. These operations can be performed at the same
time or at different timings.

It is preferable that, for example, the potential of the
nodeB be changed from Vinit to Vsig at the same time as or
after the switch 104 is turned off. This is because the
potential of the nodeC can be easily held at an appropriate
potential.

Alternatively, it is preferable that, for example, the poten-
tial of the nodeB be changed from Vinit to Vsig before or at
the same time as the switch 105 is turned off. This is because
the gate potential of the transistor can be quickly lowered.

Next, the third operation is described with reference to
FIG. 31C, as in FIGS. 31A and 31B.

The third operation is the operation for outputting current
to the light-emitting element 106 and emitting light with the
use of the transistor 101 as part of a current source. Spe-
cifically, the nodeA is set at Vsig, for example, though it can
be any potential, the nodeD is set at Vcat, and the nodeG is
set at VDD. Then, the switch 104 and the switch 105 are
turned on, and the switch 102 and the switch 103 are turned
off. Accordingly, the nodeB and the nodeC become Vel, the
nodeE becomes (Vsig+Vth—Vinit+Vx+Vel), and the nodeF
becomes VDD. In addition, Vgs becomes (Vsig+Vth—Vinit+
Vx) and Ve becomes (Vsig+Vth—Vinit+Vx).

Note that in the third operation, the potentials of the
nodeB, the nodeC, and the nodeF are increased while the
nodeE is kept in an electrically floating state. Accordingly,
the potential of the nodeE is increased by capacitive cou-
pling while (Vsig+Vth-Vinit+Vx) is held as Vc, thereby
becoming (Vsig+Vth—Vinit+Vx+Vel). That is, an increase in
the potential of the nodeC leads to an increase in the
potential of the nodeE by bootstrap operation.

The semiconductor device can operate even when the
potential of the nodeC is increased; therefore, adverse effect
of deterioration in voltage current characteristics of the
light-emitting element 106 can be reduced even when the
deterioration is caused.

The potential Vel which is the potentials of the nodeB and
the nodeC is set when the potential of the nodeF is increased
to VDD and current flows to the light-emitting element 106
through the transistor 101 which allows the semiconductor
device to operate as a current source by the third operation.
Specifically, the potential ranges from VDD to Vcat.

In the third operation, Vgs of the transistor 101 becomes
(Vsig+Vth-Vinit+Vx), which includes the threshold voltage
of the transistor 101. The amount of current of the transistor
101 depends on (Vgs—Vth). Accordingly, through the above
operations, adverse effect of variations in the threshold
voltage of the transistor on the amount of current supplied to
the light-emitting element can be reduced. Alternatively,
even when the threshold voltage is changed by deterioration
of'the transistor, adverse effect of the change can be reduced.
Therefore, display unevenness can be reduced and display
can be performed with high quality.
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Note that in the third operation, the switch 102 and the
switch 103 are turned off and the switch 104 and the switch
105 are turned on. These operations can be performed at the
same time or at different timings.

For example, it is preferable that the switch 104 and the
switch 105 be turned on after the switch 102 and the switch
103 are turned off. This is because V¢ can be easily held at
an appropriate potential.

Alternatively, for example, it is preferable that the switch
102 be turned off after the switch 103 is turned off. This is
because Ve can be easily held at an appropriate potential.

Note that FIG. 28A illustrates the circuit configuration of
this embodiment but one embodiment of the present inven-
tion is not limited thereto. The locations of the switches or
the number of switches can be changed and/or appropriate
voltage can be supplied so that the operations become
similar to the operations described in FIGS. 31A to 31C in
which the threshold voltage of the transistor is corrected. In
such a manner, a variety of circuits can be employed.

For example, specifically, the switch 102, the switch 103,
the switch 104, and the switch 105 can be provided at any
place and the number of switches is not limited as long as the
switches can control a conduction state and a non-conduc-
tion state between nodes. In the case of the first operation
described with reference to FIG. 31A, a connection relation
illustrated in FIG. 32A may be employed. In the case of the
second operation described with reference to FIG. 31B, a
connection relation illustrated in FIG. 32B can be employed.
In the case of the third operation described with reference to
FIG. 31C, a connection relation illustrated in FIG. 32C can
be employed. The potential of each node can have any level
unless the node affects the operations.

Note that the operation for correcting the threshold volt-
age of the transistor is described with reference to FIGS.
31A to 31C but one embodiment of the present invention is
not limited thereto. For example, the operation for correcting
variations in the mobility of the transistor 101 may be
performed between the second operation in FIG. 31B and
the third operation in FIG. 31C. FIGS. 33A to 33D illustrate
the case where the operation for correcting variations in the
mobility of the transistor 101 is added to the first to third
operations which are described with reference to FIGS. 31A
to 31C.

Note that a first operation illustrated in FIG. 33A is the
same as the first operation described with reference to FIG.
31A,; therefore, the description thereof is omitted. A second
operation illustrated in FIG. 33B is the same as the second
operation described with reference to FIG. 31B; therefore,
the description thereof is omitted.

Next, a third operation is described with reference to FIG.
33C, as in FIGS. 31A and 31B.

In the third operation, the transistor 101 is turned on with
the use of the potential held in the gate of the transistor 101
(electric charge stored in the capacitor 107), and the mobility
of the transistor 101 is corrected with the use of the amount
of current flowing therethrough. Specifically, the nodeA is
set at Vsig though it can be any potential, the nodeD is set
at Vcat, and the nodeG is set at VDD. Then, the switch 103
and the switch 104 are turned on, and the switch 102 and the
switch 105 are turned off. Then, the amount of change in
potentials of the nodeB and the nodeC is —AVel, the nodeE
and the nodeF become (Vsig+Vth-AVel). In addition, Vgs
becomes (Vth+AVel) and Vc becomes (Vsig+Vth—-Vinit+
Vx-AVel).

Note that in the third operation, the potentials of the
nodeB and the nodeC are changed by turning on the switch
104. The amount of changes in the potentials corresponds to
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—AVel. When the amount of change in the potentials of the
nodeB and the nodeC becomes —AVel, Vgs becomes (Vth+
AVel) and higher than the threshold voltage Vth; as a result,
current flows through the transistor 101. When current flows
through the transistor 101, each of the potentials of the
nodeE and the nodeF is decreased to (Vsig+Vth-AVel) and
Ve becomes (Vsig+Vth-Vinit+Vx-AVel).

The amount of current flowing to the transistor 101
changes depending on the mobility of the transistor 101.
Accordingly, the potential of the nodeE corresponding to the
gate of the transistor 101 can be set so as to include the
amount of change in potential corresponding to the mobility
of the transistor 101.

In the third operation, the potential of the gate of the
transistor 101 becomes (Vsig+Vth-AVel) which is set in
consideration of the mobility of the transistor 101. Accord-
ingly, through the above operations, adverse effect of varia-
tions in the mobility of the transistor on the amount of
current supplied to the light-emitting element can be
reduced. Alternatively, even when mobility is changed by
deterioration of the transistor, adverse effect of the change
can be reduced.

Next, a fourth operation is described with reference to
FIG. 33D, as in FIGS. 31A and 31B. Note that the fourth
operation illustrated in FIG. 33D is similar to the third
operation described with reference to FIG. 31C; therefore,
only an aspect different from the third operation with ref-
erence to FIG. 31C is described.

By the fourth operation, the nodeB and the nodeC are set
at Vel, the nodeE is set at (Vsig+Vth-Vinit+Vx-AVel+Vel),
and the nodeF is set at VDD. The potential Vgs becomes
(Vsig+Vth-Vinit+Vx-AVel) and Vc becomes (Vsig+Vth-
Vinit+Vx).

In the fourth operation, Vgs of the transistor 101 becomes
(Vsig+Vth-Vinit+Vx+AVel), which can be set in consider-
ation of the threshold voltage and the mobility of the
transistor 101. Accordingly, through the above operations,
adverse effect of variations in the threshold voltage and the
mobility of the transistor on the amount of current supplied
to the light-emitting element can be reduced.

The location of the switch or the number of switches can
be changed and appropriate voltage can be supplied so as to
achieve the similar operation to the operation described in
FIGS. 33A to 33D in which the threshold voltage of the
transistor is corrected. In such a manner, a variety of circuits
can be employed.

For example, specifically, the switch 102, the switch 103,
the switch 104, and the switch 105 can be provided any place
and the numbers thereof is not limited as long as the
switches can control a conduction state and a non-conduc-
tion state between nodes. In the case of the first operation
described with reference to FIG. 33A, a connection relation
illustrated in FIG. 34A can be employed. In the case of the
second operation described with reference to FIG. 33B, a
connection relation illustrated in FIG. 34B can be employed.
In the case of the third operation described with reference to
FIG. 33C, a connection relation illustrated in FIG. 34C can
be employed. In the case of the fourth operation described
with reference to FIG. 33D, a connection relation illustrated
in FIG. 34D can be employed. The potential of each node
can have any level unless the node affects the operations.

Note that FIG. 28A illustrates the circuit configuration of
this embodiment but one embodiment of the present inven-
tion is not limited thereto. The number of transistors 101 or
the locations of the transistors 101 can be changed and a
variety of circuits can be employed.
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For example, as in a pixel 100A illustrated in FIG. 35, the
transistor 101A and the transistor 101B which have gates
connected to each other and which are connected in series
can be used as transistors which allow the semiconductor
device to serve as a current source. Note that components in
common with those in FIG. 28A are denoted by common
reference numerals, and the description thereof is omitted.

As another example, as in a pixel 100B illustrated in FIG.
36, the transistor 101 A and the transistor 101B which have
gates connected to each other and which are connected in
parallel can be used as transistors which allow the semicon-
ductor device to serve as a current source. Note that com-
ponents in common with those in FIG. 28A are denoted by
common reference numerals, and the description thereof is
omitted.

As another example, as in a pixel 100C illustrated in FIG.
37, the transistor 101A, the transistor 101B, the transistor
101C, and the transistor 101D which have gates connected
to each other and which are connected in series and parallel
can be used as transistors which allow the semiconductor
device to serve as a current source. Note that components in
common with those in FIG. 28A are denoted by common
reference numerals, and the description thereof is omitted.

The channel width and/or the channel length of the
transistor 101 can be changed by application of the struc-
tures illustrated in FIG. 35, FIG. 36, and FIG. 37. With the
structures illustrated in FIG. 35, FIG. 36, and FIG. 37 in
which channel widths and/or channel lengths of a plurality
of transistors can be changed after the transistors are com-
bined, adverse effect of variations in characteristics of the
transistors can be smaller in comparison with the structure in
which transistors each having a large channel width and/or
a large channel length is provided in advance.

Note that FIG. 28A, FIG. 29A, or the like illustrates an
example of a circuit configuration; accordingly, a transistor
can be provided additionally. On the other hand, in each
node in FIG. 28A, FIG. 29A, or the like, it is also possible
not to provide an additional transistor, switch, passive ele-
ment, or the like. For example, it is possible not to increase
the number of transistors directly connected to the nodeA,
the nodeB, the nodeC, the nodeD, the nodeE, the nodeF,
or/and the nodeG. Accordingly, for example, the following
structure can be used: only the transistor 1047 is directly
connected to the nodeC and the other transistors are not
directly connected to the nodeC.

Therefore, a circuit can be formed with a small number of
transistors in the case where a transistor is not added.

Note that variations in the threshold voltage or the like of
a transistor is corrected in this embodiment, but one embodi-
ment of the present invention is not limited thereto. For
example, current can be supplied to the light-emitting ele-
ment 106 and the semiconductor device can be driven
without performing the operation for correcting variations in
threshold voltage.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 8

In this embodiment, an example of a configuration dif-
ferent from the circuit configuration of the pixel described in
Embodiment 7 is described.
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FIG. 38 illustrates a pixel 100h having a circuit configu-
ration similar to the pixel 100 illustrated in FIG. 30. The
pixel 100h illustrated in FIG. 38 is different from the pixel
100 illustrated in FIG. 30 in that the wiring 110 is replaced
with a wiring 110h provided in parallel to the wirings 131 to
134, Vsig and Vinit are supplied from the wiring 108, and at
least Vinit or VDD is supplied, switching them as necessary,
from the wiring 110h. Note that components in common
with those in FIG. 30 are denoted by common reference
numerals, and the description thereof is omitted.

Here, a display device including the pixel 100h is
described with reference to a block diagram of FIG. 39.

The display device includes a signal line driver circuit
201, a scan line driver circuit 202A, a scan line driver circuit
202B, a scan line driver circuit 202C, a scan line driver
circuit 202D, a pixel region 203, and a power supply line
control circuit 204. The pixel region 203 is provided with a
plurality of signal lines S1 to Sn extended from the signal
line driver circuit 201 in a column direction; a plurality of
scan lines Gal to Gam extended from the scan line driver
circuit 202A in a row direction; a plurality of scan lines Gb1
to Gbm extended from the scan line driver circuit 202B in
a row direction; a plurality of scan lines Gcl to Gem
extended from the scan line driver circuit 202C in a row
direction; a plurality of scan lines Gdl to Gdm extended
from the scan line driver circuit 202D in a row direction; a
plurality of pixels 100 provided in matrix, connected to
respective signal lines S1 to Sn, and connected to respective
scan lines Gal to Gam, Gb1 to Gbm, Gel to Gem, and Gdl
to Gdm; and power supply lines P1 to Pm which are parallel
to the scan lines Gal to Gam, Gb1 to Gbm, Gcl to Gem, and
Gd1 to Gdm. The pixel 100h is connected to the signal line
Sj (one of the signal lines S1 to Sn), the scan line Gai (one
of the scan lines Gal to Gam), the scan line Gbi (one of the
scan lines Gb1 to Gbm), the scan line Gcei (one of the scan
lines Gel to Gem), the scan line Gdi (one of the scan lines
Gd1 to Gdm), and the power supply line Pj (one of the power
supply lines P1 to Pn).

The scan line Gai corresponds to the wiring 131 in FIG.
38. The scan line Gbj corresponds to the wiring 132 in FIG.
38. The scan line Ggj corresponds to the wiring 133 in FIG.
38. The scan line Gdj corresponds to the wiring 134 in FIG.
38. The signal line Sj corresponds to the wiring 108 in FIG.
38. The power supply line Pj corresponds to the wiring 110h
in FIG. 38. Although not illustrated in FIG. 39, a cathode
line which the pixels use in common and the cathode line
corresponds to the wiring 109.

A scan line is selected with the use of a signal output from
the scan line driver circuits 202A to 202D. An operation in
which a potential for initialization is applied to some extent
to each node of the pixels 100 connected to the selected scan
line before initialization of the potential of each node
(initialization before initialization) is performed (first opera-
tion). The potential of each node of the pixels 100 connected
to the selected scan line is initialized (second operation).
Then, a video signal is written to the initialized pixel 100 to
obtain the threshold voltage of a transistor (third operation).
After the threshold voltage of the transistor is obtained by
writing of the video signal, the operation moves to light
emission. The pixel emits light in accordance with the video
signal written to the pixel (fourth operation). In this manner,
the initialization before the initialization, the initialization of
the pixel 100, obtaining of the threshold voltage, and a
light-emitting operation are sequentially performed.

Next, the operation of the pixel 100h illustrated in FIG. 38
is described. The operation of the pixel 100h illustrated in
FIG. 38 can be mainly divided into a first operation, a second

10

15

20

25

30

35

40

45

50

55

60

65

42

operation, a third operation, and a fourth operation. One
operation is added to the operations of the pixel 100 illus-
trated in FIG. 31A or the like. The second operation, the
third operation, and the fourth operation of the semiconduc-
tor device 10h illustrated in FIGS. 40B to 40D correspond
to the first operation, the second operation, and the third
operation of the pixel 100 illustrated in FIG. 31A, respec-
tively.

Note that in order to explain the operation of the circuit
configuration illustrated in FIG. 38, FIG. 38 shows symbols
representing the potentials of nodes between elements and
the potentials of wirings, as FIG. 29B does. The operation of
the circuit configuration illustrated in FIG. 38 is explained
with symbols of Vgs and Vc, as in FIG. 29B.

First, the first operation is described with reference to
FIG. 40A. Note that reference numerals of elements in FIG.
40A are omitted. The first operation is additionally provided
to the operation of the pixel 100 illustrated in FIG. 29A or
the like. Note that in the drawings, a conduction state and a
non-conduction state of the switches are denoted by ON and
OFF. In addition, how Vgs, Vc, the potential of the nodeA,
the potential of the nodeB, the potential of the nodeC, the
potential of the nodeD, the potential of the nodeE, the
potential of the nodeF, and the potential of the nodeG, which
are illustrated in FIG. 29B, are applied is described.

In the first operation, a potential for initialization is
applied to some extent at each node before initialization of
the potential of each node (initialization before initializa-
tion). Specifically, the nodeG is set at Vinit and the nodeD
is set at Vcat. The nodeA can be set at any potential. In
addition, the switch 104 and the switch 105 are turned on,
and the switch 102 and the switch 103 are turned off. The
nodeB and the nodeC are then set at Vinit or the potential
AVinit which is close to Vinit. The nodeE is set at Vy and the
nodeF is set at Vinit. Note that Vgs and Vc are omitted
because the first operation uses Vy which is a signal of an
operation before the first operation.

The potential Vy is input before the first operation. The
case where Vy enables the transistor 101 to operate as part
of a current source is explained. The potential Vy is set so
that current flows between the first terminal and the second
terminal of the transistor 101 in the first operation. Usually,
Vinit is very low and accordingly the transistor 101 is turned
on because of Vy in many cases.

Therefore, in the first operation, the nodeF is set at Vinit
and current flows between the first terminal and the second
terminal of the transistor 101; as a result, the nodeB and the
nodeC are set at Vinit or the potential AVinit which is close
to Vinit.

That is, the first operation decreases the potentials of the
nodeB and the nodeC. By the decrease in the potentials of
the nodeB and the nodeC in the first operation, the following
second operation can initialize the potential of each node at
high speed. In particular, when the light-emitting element
106 has large capacitance, the following operation can be
performed smoothly by the decrease in the potentials of the
nodeB and the nodeC in advance. Note that even if the
potentials of the nodeB and the nodeC cannot be sufficiently
decreased, it is not a problem unless subsequent operations
are adversely affected.

The second operation described with reference to FIG.
40B is the same as the first operation described with refer-
ence to FIG. 31A and therefore the description thereof is
omitted.
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In the second operation, the switch 102 and the switch 103
are turned on and the potential of the nodeG is set to VDD,
and these operations can be performed at the same time or
at different timings.

It is preferable that, for example, the potential of the
nodeG be changed from Vinit to VDD before or at the same
time as the switch 103 is turned on. This is because the
potential of the nodeE can be increased easily in that case.

Then, the third operation illustrated in FIG. 40C is the
same as the second operation described with reference to
FIG. 31B and therefore the description thereof is omitted.
Then, the fourth operation illustrated in FIG. 40D is the
same as the third operation described with reference to FIG.
31C and therefore the description thereof is omitted.

The location of the switch or the number of switches can
be changed and appropriate voltage can be supplied so as to
achieve the similar operation to the operation described in
FIGS. 40A to 40D in which the threshold voltage of the
transistor is corrected. In such a manner, a variety of circuits
can be employed.

For example, specifically, the switch 102, the switch 103,
the switch 104, and the switch 105 can be provided any place
and the numbers thereof is not limited as long as the
switches can control a conduction state and a non-conduc-
tion state between nodes. In the case of the first operation
described with reference to FIG. 40A, a connection relation
illustrated in FIG. 41A can be employed. In the case of the
second operation described with reference to FIG. 40B, a
connection relation illustrated in FIG. 41B can be employed.
In the case of the third operation described with reference to
FIG. 40C, a connection relation illustrated in FIG. 41C can
be employed. In the case of the fourth operation described
with reference to FIG. 40D, a connection relation illustrated
in FIG. 41D can be employed. The potential of each node
can have any level unless the node affects the operations.

Note that the operation for correcting the threshold volt-
age of the transistor is described with reference to FIGS.
40A to 40D but one embodiment of the present invention is
not limited thereto. For example, the operation for correcting
variations in the mobility of the transistor 101 may be
performed between the third operation in FIG. 40C and the
fourth operation in FIG. 40D.

The operation for correcting the mobility of the transistor
101 is described with reference to FIG. 42A.

The operation for correcting the mobility of the transistor
101 is the same as the third operation described with
reference to FIG. 33C and the description thereof is omitted.

In the operation for correcting the mobility of the tran-
sistor 101, the potential of the gate of the transistor 101
becomes (Vsig+Vth-AVel) which is set in consideration of
the mobility of the transistor 101. Accordingly, through the
above operation, adverse effect of variations in the mobility
of the transistor on the amount of current supplied to the
light-emitting element can be reduced.

The location of the switch or the number of switches can
be changed and appropriate voltage can be supplied so as to
achieve the similar operation to the operation described in
FIG. 42A in which the mobility of the transistor is corrected.
In such a manner, a variety of circuits can be employed.

For example, specifically, the switch 102, the switch 103,
the switch 104, and the switch 105 can be provided any place
and the numbers thereof is not limited as long as the
switches can control a conduction state and a non-conduc-
tion state between nodes. In the case of the operation for
correcting the mobility of the transistor described with
reference to FIG. 42A, a connection relation illustrated in
FIG. 42B can be employed.

10

15

20

25

30

35

40

45

50

55

60

65

44

The potential of the wiring 110h is switched between Vinit
and VDD in the circuit configuration illustrated in FIG. 38,
but another configuration can be used. For example, a
configuration illustrated in FIG. 43 may be employed: a
wiring 110A and a wiring 110B are provided instead of the
wiring 110h, and Vinit is supplied to the wiring 110A and
VDD is supplied the wiring 110B. At this time, a switch
105A provided between the wiring 110A and the nodeF and
a switch 105B provided between the wiring 110B and the
nodeF may perform switching so as to achieve the similar
operation to the operation described with reference to FIGS.
40A to 40D.

The case of FIG. 43 is further described with reference to
FIG. 82. FIG. 82 illustrates a circuit 113A connected to the
wiring 110A in FIG. 43, a circuit 113B connected to the
wiring 110B in FIG. 43, a wiring 135A connected to the
switch 105A, a scan line driver circuit 202E connected to the
wiring 135A, a wiring 135B connected to the switch 105B,
and a scan line driver circuit 202F connected to the wiring
135B.

The circuit 113A has a function of supplying Vinit and
examples of the circuit 113A are a power supply circuit and
a voltage follower circuit. The circuit 113B has a function of
supplying VDD and an example of the circuit 113B is a
power supply circuit. In addition, the switching of the switch
105A is controlled with a wiring 135A and the switching of
the switch 105B is controlled with a wiring 135B. As an
example, the wiring 135A and the wiring 135B are con-
nected to a scan line driver circuit 202E and a scan line
driver circuit 202F, respectively. The scan line driver circuit
202E and the scan line driver circuit 202F each have at least
a function of supplying an H-level signal or an L-level
signal.

In the case of the circuit configuration illustrated in FIG.
43 or FIG. 82, pixels adjacent to each other in a column
direction can share wirings to be driven. Specifically, as
illustrated in FIG. 83, when attention is paid to the pixel
100_n and the pixel 100_n+1 which are a pixel in the n-th
row and a pixel in the (n+1)th row, which have the structures
illustrated in FIG. 43 and FIG. 82, respectively, the structure
in which the wiring 133 in the n-th row and the wiring 135A
in the (n+1)th row branches from a wiring connected to the
scan line driver circuit can be used. With such a structure,
the area of the wirings in the pixel region can be reduced.

The wirings explained with reference to FIG. 83 can be
used in common outside the pixel region. Specifically, the
following structure illustrated in FIG. 84 is also possible: the
wiring from the scan line driver circuit 202D branches
outside the pixel region, and the branched wirings function
as the wiring 133_n of the pixel 100_n and the wiring
135A_n+1 of the pixel 100_n+1. With such a structure, the
number of output terminals of the scan line driver circuit
202D can be reduced.

As described above, in the circuit configuration described
in this embodiment, initialization before initialization can be
performed by switching of the potential of the wiring 110h
between Vinit and VDD. Accordingly, the potential of each
node can be initialized at high speed. In the fourth operation,
Vgs of the transistor 101 becomes (Vsig+Vth-Vinit+VXx),
which includes the threshold voltage of the transistor 101.
Accordingly, with this structure, adverse effect of variations
in the threshold voltage of the transistor on the amount of
current supplied to the load can be reduced.

Note that FIG. 43, or the like illustrates an example of a
circuit configuration; accordingly, a transistor can be pro-
vided additionally. In each node in FIG. 43, or the like, it is
possible not to provide an additional transistor, switch, a
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passive element, or the like. For example, transistors directly
connected to the nodeA, the nodeB, the nodeC, the nodeD,
the nodeE, the nodeF, or/and the nodeG are not additionally
provided. Accordingly, for example, the following structure
can be used: only the transistor 1047 is directly connected
to the nodeC and the other transistors are not directly
connected to the nodeC.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 9

In this embodiment, an example of a configuration dif-
ferent from the circuit configurations of the pixel of the
display devices described in Embodiments 7 and 8 is
described.

FIG. 44 illustrates a pixel 100p having a circuit configu-
ration similar to the pixel 100 illustrated in FIG. 28A. The
pixel 100p illustrated in FIG. 44 is different from the pixel
100 illustrated in FIG. 28A in that the potential supplied to
the wiring 108 is Vsig, a wiring 108p and a switch 102p are
provided, and Vinit is supplied from the wiring 108p. Note
that components in common with those in FIG. 28A are
denoted by common reference numerals, and the description
thereof is omitted.

A transistor can be applied to each of the switch 102, the
switch 102p, the switch 103, the switch 104, and the switch
105 in the pixel 100p illustrated in FIG. 44. When an
n-channel transistor is applied to each of the switch 102, the
switch 103, the switch 104, and the switch 105, as illustrated
in FIG. 45, switching is controlled with the wirings 131 to
134 and the wiring 131p.

In FIG. 44, a first terminal of the switch 102p is connected
to the first terminal of the transistor 101, the first terminal of
the switch 102, and the first terminal of the switch 104. A
second terminal of the switch 102p is connected to the
wiring 108p. The switching of the switch 102p is controlled
with the wiring 131p.

Note that in order to explain the operation of the pixel
100p illustrated in FIG. 44, FIG. 45 shows symbols repre-
senting the potentials of nodes between elements and the
potentials of wirings. FIG. 45 also shows Vgs between the
one of the terminals (mainly serving as a source) and the
gate of the transistor 101 and V¢ between the electrodes of
the capacitor 107.

A nodeA, a nodeB, a nodeC, a nodeD, a nodeE, a nodeF,
a nodeG, and a nodeH correspond to nodes and wirings
illustrated in FIG. 45. The potential of the nodeA corre-
sponds to the potential of the wiring 108. The potential of the
nodeB corresponds to the potential of a wiring connecting
the first terminal of the transistor 101, the first terminal of the
switch 102, the first terminal of the switch 104, and the first
terminal of the switch 102p. The potential of the nodeC
corresponds to the potential of a wiring connecting the
second terminal of the switch 104, the one of the electrodes
of the light-emitting element 106, and the other of the
electrodes of the capacitor 107. The potential of the nodeD
corresponds to the potential of the wiring 109. The potential
of the nodeE corresponds to the potential of a wiring
connecting the gate of the transistor 101, the one of elec-
trodes of the capacitor 107, and the first terminal of the
switch 103. The potential of the nodeF corresponds to the
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potential of a wiring connecting the second terminal of the
transistor 101, the second terminal of the switch 103, and the
first terminal of the switch 105. The potential of the nodeG
corresponds to the potential of the wiring 110. The potential
of the nodeE the nodeH corresponds to the potential of the
wiring 108p.

Here, a display device including the pixel 100p is
described with reference to a block diagram of FIG. 46.

The display device includes a signal line driver circuit
201, a scan line driver circuit 202A, a scan line driver circuit
202B, a scan line driver circuit 202C, a scan line driver
circuit 202D, a scan line driver circuit 202E, a pixel region
203, and an initialization signal line driver circuit 205. The
pixel region 203 is provided with a plurality of signal lines
S1 to Sn extended from the signal line driver circuit 201 in
a column direction; a plurality of signal lines Sil to Sin
extended from the initialization signal line driver circuit 205
in a column direction; a plurality of scan lines Gal to Gam
extended from the scan line driver circuit 202A in a row
direction; a plurality of scan lines Gbl to Gbm extended
from the scan line driver circuit 202B in a row direction; a
plurality of scan lines Gel to Gem extended from the scan
line driver circuit 202C in a row direction; a plurality of scan
lines Gd1 to Gdm extended from the scan line driver circuit
202D in a row direction; a plurality of scan lines Gel to Gem
extended from the scan line driver circuit 202E in a row
direction; a plurality of pixels 100p provided in matrix,
connected to respective signal lines S1 to Sn, and connected
to respective scan lines Gal to Gam, Gb1 to Gbm, Gel to
Gem, Gd1 to Gdm, and Gel to Gem; and power supply lines
P1 to Pn which are parallel to the signal lines S1 to Sn. The
pixel 100 is connected to the signal line Sj (one of the signal
lines S1 to Sn), the initialization signal line Sij (one of the
initialization signal lines S1 to Sn), the scan line Gai (one of
the scan lines Gal to Gam), the scan line Gbi (one of the
scan lines Gb1 to Gbm), the scan line Gcei (one of the scan
lines Gel to Gem), the scan line Gdi (one of the scan lines
Gd1 to Gdm), the scan line Gei (one of the scan lines Gel to
Gem), and the power supply line Pj (one of the power supply
lines P1 to Pn).

The scan line Gai corresponds to the wiring 131 in FIG.
45. The scan line Gbj corresponds to the wiring 132 in FIG.
45. The scan line Gcj corresponds to the wiring 133 in FIG.
45. The scan line Gdj corresponds to the wiring 134 in FIG.
45. The scan line Gej corresponds to the wiring 131p in FIG.
45. The signal line Sj corresponds to the wiring 108 in FIG.
45. The initialization signal line Sij corresponds to the
wiring 108p in FIG. 45. The power supply line Pj corre-
sponds to the wiring 110 in FIG. 45. Although not illustrated
in FIG. 46, cathode lines each of which a plurality of pixels
uses in common and the cathode line corresponds to the
wiring 109.

A scan line is selected with the use of a signal output from
the scan line driver circuits 202A to 202E. The potential of
each node of the pixels 100 connected to the selected scan
line is initialized (first operation). Then, a video signal is
written to the initialized pixel 100 to obtain the threshold
voltage of a transistor (second operation). After the thresh-
old voltage of the transistor is obtained by writing of the
video signal, the operation moves to light emission. The
pixel emits light in accordance with the video signal written
to the pixel (third operation). In this manner, the initializa-
tion of the pixel 100, obtaining of the threshold voltage, and
a light-emitting operation are sequentially performed.

Next, the operation of the pixel 100h illustrated in FIG. 44
is described. The operation of the pixel 100h illustrated in
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FIG. 44 can be mainly divided into the first operation, the
second operation, and the third operation.

First, the first operation is described with reference to
FIG. 47A. Note that reference numerals of elements in FIG.
47A are omitted. A conduction state and a non-conduction
state of the switches are denoted by ON and OFF. In
addition, how Vgs, Vc, the potential of the nodeA, the
potential of the nodeB, the potential of the nodeC, the
potential of the nodeD, the potential of the nodeE, the
potential of the nodeF, the potential of the nodeG, and the
potential of the nodeH, which are illustrated in FIG. 45, are
applied is described.

The first operation initializes the potential of each node.
Specifically, the nodeA is set at any potential, for example,
Vsig, the nodeD is set at Vceat, the nodeG is set at VDD, and
the nodeH is set at Vinit. Then, the switch 102p, the switch
103, the switch 104, and the switch 105 are turned on, and
the switch 102 is turned off. Thus, the nodeB is set at Vinit,
the nodeC is set at Vinit, the nodeE is set at VDD, and the
nodeF is set at VDD. Further, Vgs becomes (VDD-Vinit),
and V¢ becomes (VDD-Vinit).

The first operation described with reference to FIG. 47A
is different from that of described with reference to FIG. 31A
in Embodiment 7 in that Vinit supplied to the nodeB and the
nodeC is supplied from the wiring 108p through the switch
102p. With the structure, initialization can be performed
without change in potential of the wiring 108 and the
initialization of each node can be performed at high speed.
Alternatively, initialization of each node can be performed
while a potential is supplied from the wiring 108 to another
pixel 100p connected to the wiring 108. Therefore, an
operation period for the initialization can be longer.

Next, the second operation is described with reference to
FIG. 47B, as in FIG. 47A.

The second operation is the operation for obtaining the
threshold voltage of the transistor 101 with the use of Vgs
by discharging the potential of the gate of the transistor 101
(or the electric charge of the capacitor 107). Specifically, the
nodeA is set at Vsig, the nodeD is set at Vcat, the nodeG is
set at VDD, and the nodeH is set at Vinit though it can be
any potential. Then, the switch 102 and the switch 103 are
turned on, and the switch 104, the switch 102p, and the
switch 105 are turned off. Thus, the potential of the nodeB
becomes Vsig, the potential of the nodeC becomes (Vinit—
Vx), the potential of the nodeE becomes (Vsig+Vth), and the
potential of the nodeF becomes (Vsig+Vth). Further, Vgs
becomes Vth and Ve becomes (Vsig+Vth—Vinit+Vx).

The second operation described with reference to FIG.
47B is different from that described in Embodiment 7 with
reference to FIG. 31B in that the switch 102p is turned off.
Therefore, the second operation in this embodiment is the
same as the second operation described with reference to
FIG. 31B. By the second operation, the potential of the
nodeE corresponding to the potential of the gate of the
transistor 101 can be (Vsig+Vth) which includes the thresh-
old voltage of the transistor 101.

Note that in the second operation, the switch 104, the
switch 105, and the switch 102p are turned off and the switch
102 is turned on, and these operations can be performed at
the same time or at different timings.

For example, it is preferable that the switch 102 be turned
on at the same time as or after the switch 102p is turned off.
This is because a short circuit between the nodeA and the
nodeH can be prevented easily.

Next, the third operation is described with reference to
FIG. 47C, as in FIGS. 47A and 47B.
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The third operation is the operation for outputting current
to the light-emitting element 106 with the use of the tran-
sistor 101 as part of a current source. Specifically, the nodeA
is set at Vsig though it can be any potential, the nodeD is set
at Vcat, the nodeG is set at VDD, and the nodeH can be set
at Vinit though it can be any potential. Then, the switch 104
and the switch 105 are turned on, and the switch 102, the
switch 102p, and the switch 103 are turned off. Then, the
nodeB and the nodeC become Vel, the nodeE becomes
(Vsig+Vth-Vinit+Vx+Vel), and the nodeF becomes VDD.
In addition, Vgs becomes (Vsig+Vth-Vinit+Vx) and Vc
becomes (Vsig+Vth—Vinit+Vx).

The third operation described with reference to FIG. 47C
is different from that described in Embodiment 7 with
reference to FIG. 31C in that the switch 102p is turned off.
Therefore, the third operation in this embodiment is the
same as the third operation described with reference to FIG.
31C. By the third operation, Vgs of the transistor 101
becomes (Vsig+Vth-Vinit+Vx), which includes the thresh-
old voltage of the transistor 101. Accordingly, through the
above operations, adverse effect of variations in the thresh-
old voltage of the transistor on the amount of current
supplied to the light-emitting element can be reduced.

Note that FIG. 44 illustrates the circuit configuration of
this embodiment but one embodiment of the present inven-
tion is not limited thereto. The location of the switch or the
number of switches can be changed and appropriate voltage
can be supplied so as to achieve the similar operation to the
operation described in FIGS. 47A to 47C in which the
threshold voltage of the transistor is corrected. In such a
manner, a variety of circuits can be employed.

For example, specifically, the switch 102, the switch
102p, the switch 103, the switch 104, and the switch 105 can
be provided any place and the numbers thereof is not limited
as long as the switches can control a conduction state and a
non-conduction state between nodes. In the case of the first
operation described with reference to FIG. 47A, a connec-
tion relation illustrated in FIG. 48 A can be employed. In the
case of the second operation described with reference to
FIG. 47B, a connection relation illustrated in FIG. 48B can
be employed. In the case of the third operation described
with reference to FIG. 47C, a connection relation illustrated
in FIG. 48C can be employed. The potential of each node
can have any level unless the node affects the operations.

As described above, in the circuit configuration described
in this embodiment, the wiring 108p is provided and the
initialization can be performed with the use of Vinit supplied
from the wiring 108p through the switch 102p. Accordingly,
time for initializing the potential of each node can be long.
Alternatively, the initialization with the use of Vinit is not
necessarily performed by using the wiring 108, which can
save time allowing time for the second operation to be
longer. In the third operation, Vgs of the transistor 101
becomes (Vsig+Vth-Vinit+Vx), which includes the thresh-
old voltage of the transistor 101. Accordingly, with this
structure, adverse effect of variations in the threshold volt-
age of the transistor on the amount of current supplied to the
load can be reduced.

In the case of the circuit configuration illustrated in FIG.
44 or FIG. 45, pixels adjacent to each other in a column
direction can share wirings to be driven. Specifically, as
illustrated in FIG. 85, when attention is paid to the pixel
100_n and the pixel 100_n+1 which are a pixel in the n-th
row and a pixel in the (n+1)th row, which have the structures
illustrated in FIG. 44 and FIG. 45, respectively, the structure
in which the wiring 133 in the n-th row and the wiring 131p
in the (n+1)th row branches from a wiring connected to the
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scan line driver circuit can be used. With such a structure,
the area of the wirings in the pixel region can be reduced.

The wirings explained with reference to FIG. 85 can be
used in common outside the pixel region. Specifically, the
following structure illustrated in FIG. 86 is also possible: the
wiring from the scan line driver circuit 202D branches
outside the pixel region, and the branched wirings function
as the wiring 133_n of the pixel 100_n and the wiring
131p_n+1 of the pixel 100_n+1. With such a structure, the
number of output terminals of the scan line driver circuit
202D can be reduced.

Note that the operation for correcting mobility can be
performed with the use of the circuits illustrated in FIG. 44
and FIG. 45, as the operations illustrated in FIG. 33C, FIG.
34C, FIG. 42A, and FIG. 42B.

Note that FIG. 44, or the like illustrates an example of a
circuit configuration; accordingly, a transistor can be pro-
vided additionally. In each node in FIG. 44, or the like, it is
possible not to provide an additional transistor, switch, a
passive element, or the like. For example, transistors directly
connected to the nodeA, the nodeB, the nodeC, the nodeD,
the nodeE, the nodeF, or/and the nodeG are not additionally
provided. Accordingly, for example, the following structure
can be used: only the transistor 1047 is directly connected
to the nodeC and the other transistors are not directly
connected to the nodeC.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 10

The operations of the circuit configurations are described
in Embodiments 7 to 9 under the assumption that the
parasitic capacitance of the light-emitting element 106 is
utilized; however, another configuration can be used. In this
embodiment, a configuration in which a capacitor is elec-
trically connected in parallel to the light-emitting element
106 provided in the circuit configuration in any of the above
embodiments.

FIG. 49 illustrates a pixel 100C and is different from FIG.
28A in that a capacitor 107C is electrically connected in
parallel to the light-emitting element 106 connected to the
pixel 100C. The capacitor 107C can be connected to the
wiring 110 as illustrated in FIG. 87. Alternatively, the
capacitor 107C can be connected to another wiring. Further,
FIG. 50 illustrates a pixel 100hC and is different from FIG.
43 in that the capacitor 107C is electrically connected in
parallel to the light-emitting element 106 connected to the
pixel 100hC. The capacitor 107C can be connected to the
wiring 110A or the wiring 110B as illustrated in FIG. 88 or
FIG. 89. Moreover, FIG. 51 illustrates a pixel 100pC and is
different from FIG. 44 in that a capacitor 107C is electrically
connected in parallel to the light-emitting element 106
connected to the pixel 100hC. The capacitor 107C can be
connected to the wiring 108p as illustrated in FIG. 90.

The capacitor 107C is electrically connected to the light-
emitting element 106 as illustrated in FIG. 49, FIG. 50, and
FIG. 51, so that variations in electric charge at the nodeC can
be small or Vx can be low in the operation for initialization
and the operation for obtaining threshold voltage which are
described in any of the above embodiments. When Vx can
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be low, the semiconductor device can supply a more accu-
rate amount of current to the light-emitting element 106.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 11

In this embodiment, a configuration different from the
circuit configurations of the pixels described in Embodi-
ments 7 to 10 is described.

FIG. 52 illustrates a pixel 100h having a circuit configu-
ration similar to the pixel 100 illustrated in FIG. 29B. The
pixel 100hm illustrated in FIG. 52 is different from the pixel
100 illustrated in FIG. 29B in that the pixel 100hm is
connected to a wiring 109m. The potential Vup or Vcat is
supplied to the wiring 109m, switching the potentials as
necessary. Note that components in common with those in
FIG. 29B are denoted by common reference numerals, and
the description thereof is omitted.

The potential Vup can be higher than Vcat. The potential
Vup is high, so that Vinit is prevented from being too low.

Here, a display device including the pixel 100hm is
described with reference to a block diagram of FIG. 53.

The display device includes a signal line driver circuit
201, a scan line driver circuit 202A, a scan line driver circuit
202B, a scan line driver circuit 202C, a scan line driver
circuit 202D, a pixel region 203, and a cathode line driver
circuit 206. The pixel region 203 is provided with a plurality
of signal lines S1 to Sn extended from the signal line driver
circuit 201 in a column direction; a plurality of scan lines
Gal to Gam extended from the scan line driver circuit 202A
in a row direction; a plurality of scan lines Gbl to Gbm
extended from the scan line driver circuit 202B in a row
direction; a plurality of scan lines Gel to Gem extended
from the scan line driver circuit 202C in a row direction; a
plurality of scan lines Gd1 to Gdm extended from the scan
line driver circuit 202D in a row direction; a plurality of
cathode lines C1 to Cm extended from the cathode line
driver circuit 206 in a row direction; a plurality of pixels
100hm provided in matrix, connected to respective signal
lines S1 to Sn, and connected to respective scan lines Gal
to Gam, Gb1 to Gbm, Gcl to Gem, and Gd1 to Gdm; and
power supply lines P1 to Pn which are parallel to the signal
lines S1 to Sn. The pixel 100 is connected to the signal line
Sj (one of the signal lines S1 to Sn), the scan line Gai (one
of the scan lines Gal to Gam), the scan line Gbi (one of the
scan lines Gb1 to Gbm), the scan line Gcei (one of the scan
lines Gel to Gem), the scan line Gdi (one of the scan lines
Gd1 to Gdm), the cathode line Ci (one of cathode lines C1
to Cm) and the power supply line Pj (one of the power
supply lines P1 to Pn).

The scan line Gai corresponds to the wiring 131 in FIG.
52. The scan line Gbj corresponds to the wiring 132 in FIG.
52. The scan line Gcj corresponds to the wiring 133 in FIG.
52. The scan line Gdj corresponds to the wiring 134 in FIG.
52. The signal line Sj corresponds to the wiring 108 in FIG.
52. The power supply line Pj corresponds to the wiring 110
in FIG. 52. The cathode line Ci corresponds to the wiring
109 in FIG. 52.

A scan line is selected with the use of a signal output from
the scan line driver circuits 202A to 202D. The potential of
each node of the pixels 100hm connected to the selected
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scan line is initialized (first operation). Then, a video signal
is written to the initialized pixel 100hm to obtain the
threshold voltage of a transistor (second operation). After
the threshold voltage of the transistor is obtained by writing
of the video signal, the operation moves to light emission.
The pixel emits light in accordance with the video signal
written to the pixel (third operation). In this manner, the
initialization of the pixel 100hm, obtaining of the threshold
voltage, and light-emitting operation are sequentially per-
formed.

Next, the operation of the pixel 100hm illustrated in FIG.
52 is described. The operation of the pixel 100hm illustrated
in FIG. 52 can be mainly divided into a first operation, a
second operation, and a third operation.

Note that in order to explain the operation of the circuit
configuration illustrated in FIG. 52, FIG. 52 shows symbols
representing the potentials of nodes between elements and
the potentials of wirings, as FIG. 29B does. The operation of
the circuit configuration illustrated in FIG. 52 is explained
with symbols of Vgs and Vc, as in FIG. 29B.

The first operation illustrated in FIG. 54A is the same as
the first operation described with reference to FIG. 31A
except that the nodeD is set at Vup. The description of the
same portions is omitted. When the nodeD is set at Vup,
current flowing to the light-emitting element 106 in the first
operation can be reduced more surely. Alternatively, a nor-
mal operation can be performed with ease without making
Vinit extremely low. Therefore, another potential can have
smaller amplitude, resulting in reduction in power consump-
tion.

The potential Vup is higher than Vinit and Vsig. Alterna-
tively, Vup is approximately equal to Vinit. Note that the
potential is preferably set so as not to cause dielectric
breakdown of the light-emitting element 106.

The second operation illustrated in FIG. 54B is the same
as the second operation described with reference to FIG.
31B except that the nodeD is set at Vup. The description of
the same portions is omitted. When the nodeD is set at Vup,
current flowing to the light-emitting element 106 in the
second operation can be reduced more surely.

Then, the third operation illustrated in FIG. 54C is the
same as the third operation described with reference to FIG.
31C and therefore the description thereof is omitted. Note
that the third operation illustrated in FIG. 54C is different
from the first operation described with reference to FIG. 54A
and the second operation described with reference to FIG.
54B in that the nodeD is set at Vcat and current flows
through the load.

With the structure described with reference to FIGS. 54A
to 54C, only when the transistor 101 is completely set to
allow the semiconductor device to serve as a current source,
current can flow without causing malfunction.

Note that the operation for correcting mobility can be
performed with the use of the circuits illustrated in FIG. 52,
as the circuits illustrated in FIG. 33C, FIG. 34C, FIG. 42A,
and FIG. 42B.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 12

In this embodiment, structures of a top view and a
cross-sectional view corresponding to the circuit diagram of
the pixel of the display device illustrated in FIG. 28A of
Embodiment 7 are described.
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A top view of FIG. 55 shows a structure described in
Embodiment 7 with reference to FIG. 28A. In the top view
of FIG. 55, each transistor is an inverted staggered transistor.

As a structure corresponding to that in FIG. 28A, the top
view of FIG. 55 of a pixel which can be applied to the
display device shows the transistor 101, the switch 102, the
switch 103, the switch 104, the switch 105, the light-
emitting element 106 (only one of electrodes is illustrated),
the capacitor 107, the wiring 108, the wiring 110, the wiring
131, the wiring 132, the wiring 133, and the wiring 134.

The structure illustrated in FIG. 55 includes a conductive
layer 851, a semiconductor layer 852, a conductive layer
853, a conductive layer 854, a conductive layer 855, a
contact hole 856, a contact hole 857, and a contact hole 858.
Note that an insulating layer in each layer is not illustrated
here.

The conductive layer 851 has a region that functions as a
gate electrode or a scan line. Note that the conductive layer
851 is formed over a substrate over which elements such as
a transistor are provided. A base insulating layer may be
sandwiched between the substrate and the conductive layer
851.

Although there is no particular limitation on a substrate
used as the substrate, a glass substrate is preferably used.
The base insulating layer has a function of preventing
diffusion of an impurity element from the substrate, and can
be formed to have a single-layer structure or a layered
structure including any of a silicon nitride layer, a silicon
oxide layer, a silicon nitride oxide layer, and a silicon
oxynitride layer.

As the substrate, a semiconductor substrate (e.g., a single
crystal substrate or a silicon substrate), an SOI substrate, a
quartz substrate, a plastic substrate, a metal substrate, a
stainless steel substrate, a substrate including stainless steel
foil, a tungsten substrate, a substrate including tungsten foil,
a flexible substrate, an attachment film, paper including a
fibrous material, a base material film, or the like can be used,
for example. As an example of a glass substrate, a barium
borosilicate glass substrate, an aluminoborosilicate glass
substrate, soda lime glass substrate, and the like can be
given. For a flexible substrate, a flexible synthetic resin such
as plastics typified by polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), and polyether sulfone
(PES), or acrylic can be used, for example. For an attach-
ment film, polypropylene, polyester, polyvinyl fluoride,
polyvinyl chloride, or the like can be used, for example. For
a base material film, polyester, polyamide, polyimide, an
inorganic vapor deposition film, paper, or the like can be
used, for example. Specifically, when a transistor is formed
using a semiconductor substrate, a single crystal substrate,
an SOI substrate, or the like, it is possible to form a transistor
with few variations in characteristics, size, shape, or the like
and with high current supply capability and a small size. By
forming a circuit with the use of such a transistor, power
consumption of the circuit can be reduced or the circuit can
be highly integrated.

Note that the transistor may be formed using one sub-
strate, and then, the transistor may be transferred to another
substrate. In addition to the above substrates over which the
transistor can be formed, a paper substrate, a cellophane
substrate, a stone substrate, a wood substrate, a cloth sub-
strate (including a natural fiber (e.g., silk, cotton, or hemp),
a synthetic fiber (e.g., nylon, polyurethane, or polyester), a
regenerated fiber (e.g., acetate, cupra, rayon, or regenerated
polyester), or the like), a leather substrate, a rubber sub-
strate, or the like can be used as a substrate to which the
transistor is transferred. By using such a substrate, a tran-
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sistor with excellent properties or a transistor with low
power consumption can be formed, a device with high
durability or high heat resistance can be formed, or reduction
in weight or thickness can be achieved.

The conductive layer 851 can be formed to have a
single-layer structure or a stacked-layer structure using a
metal material such as molybdenum (Mo), titanium (T1),
chromium (Cr), tantalum (Ta), tungsten (W), aluminum
(Al), copper (Cu), neodymium (Nd), or scandium (Sc), or an
alloy material including any of these as a main component.

The semiconductor layer 852 has a region functioning as
a semiconductor layer of the transistor.

The semiconductor layer 852 may include amorphous
silicon. The semiconductor layer 852 may include polycrys-
talline silicon. Alternatively, The semiconductor layer 852
may include an organic semiconductor, an oxide semicon-
ductor, or the like.

The conductive layer 853 has regions functioning as
wirings and source and drain of the transistor.

The conductive layer 853 can be formed using an element
selected from Al, Cr, Cu, Ta, Ti, Mo, and W, an alloy
including any of these elements as a main component, an
alloy film including a combination of any of these elements,
or the like. The conductive film may have a structure in
which a high-melting-point metal layer of Ti, Mo, W, or the
like is stacked over and/or below a metal layer of Al, Cu, or
the like. When an Al material to which an element (e.g., Si,
Nd, or Sc) which prevents generation of hillocks and whis-
kers in an Al film is added is used, heat resistance can be
increased.

Alternatively, the conductive layer 853 may be formed
using a conductive metal oxide. As the conductive metal
oxide, indium oxide (In,0,), tin oxide (Sn0O,), zinc oxide
(ZnO), indium oxide-tin oxide (In,0;—Sa0,, abbreviated
to ITO), indium oxide-zinc oxide (In,O;—Zn0), or any of
these metal oxide materials containing silicon oxide can be
used.

The conductive layer 854 has a region functioning as a
wiring. Note that the conductive layer 854 is provided to
improve the planarity of an insulating layer formed later to
be in contact with a transparent conductive layer and is not
necessarily provided.

The conductive layer 855 has a region functioning as one
of the electrodes of the light-emitting element. The conduc-
tive layer 855 has a function of reflecting light in the case
where light emitted from the light-emitting element is
obtained from the counter substrate side. On the other hand,
the conductive layer 855 has a function of transmitting light
in the case where light emitted from the light-emitting
element is obtained from the element substrate side.

The contact holes 856 each have a function of connecting
the conductive layer 851 and the conductive layer 853. An
insulating layer functioning as a gate insulating layer is
sandwiched between the conductive layer 851 and the
conductive layer 853. The insulating layer functioning as the
gate insulating layer can be formed to have a single-layer
structure or a layered structure of a silicon oxide layer, a
silicon nitride layer, a silicon oxynitride layer, a silicon
nitride oxide layer, an aluminum oxide layer, an aluminum
nitride layer, an aluminum oxynitride layer, an aluminum
nitride oxide layer, or a hafnium oxide layer by plasma-
enhanced CVD, sputtering, or the like.

The contact hole 857 has a function of connecting the
conductive layer 853 and the conductive layer 854. An
insulating layer functioning as a passivation layer is sand-
wiched between the conductive layer 853 and the conductive
layer 854. For the passivation layer, an inorganic insulating
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film such as a silicon nitride film, an aluminum nitride film,
a silicon nitride oxide film, or an aluminum nitride oxide
film can be used.

The contact hole 858 has a function of connecting the
conductive layer 854 and the conductive layer 855. An
insulating layer providing the planarity of a surface is
sandwiched between the conductive layer 854 and the
conductive layer 855. For the insulating layer providing the
planarity of the surface, an organic material such as poly-
imide, acrylic resin, or benzocyclobutene-based resin can be
used. Other than such organic materials, it is also possible to
use a low-dielectric constant material (low-k material) or the
like.

Next, structures of a cross section (taken along the chain
double-dashed line A-A' in FIG. 55) of a transistor func-
tioning as the switch 105 and structures of a cross section
(taken along the chain double-dashed line B-B' in FIG. 55)
of the capacitor 107 which is shown in the top view of FIG.
55 are described with reference to FIGS. 91A and 91B.

The transistor functioning as the switch 105 in FIG. 91A
is a bottom-gate transistor and also referred to as an inverted
staggered transistor, for example. There is no particular
limitation on the structure of the transistor; for example, a
staggered type transistor or a planar type transistor having a
top-gate structure or a bottom-gate structure can be
employed. Further, the transistor may have a single gate
structure including one channel formation region, a double
gate structure including two channel formation regions, or a
triple gate structure including three channel formation
regions. Alternatively, the transistor may have a dual gate
structure including two gate electrode layers positioned over
and below a channel region with a gate insulating layer
provided therebetween.

The transistor functioning as the switch 105 illustrated in
FIG. 91A includes, over a substrate 400, the conductive
layer 851 functioning as a gate, an insulating layer 401
functioning as a gate insulating layer, the semiconductor
layer 852, and the conductive layers 853 functioning as a
source and a drain. An insulating layer 402 is provided as a
passivation layer so as to cover the transistor functioning as
the switch 105. An insulating layer 403 providing the
planarity of the surface is formed over the insulating layer
402.

The capacitor 107 illustrated in FIG. 91B includes, over
the substrate 400, the conductive layer 851 functioning as
one of the electrodes, the insulating layer 401, the semicon-
ductor layer 852, and the conductive layer 853 functioning
as the other of the electrodes. An insulating layer 402 is
provided as a passivation layer so as to cover the capacitor
107. An insulating layer 403 providing the planarity of the
surface is formed over the insulating layer 403.

Note that a top view of the pixel which can be applied to
the display device illustrated in FIG. 55 is not limited to the
above top view, and another structure can be used.

As an example, a top view of the pixel described with
reference to FIG. 28A can be a top view illustrated in FIG.
56. FIG. 56 is different from FIG. 55 in that the sources and
the drains which are provided to sandwich channels of the
transistors forming pixels are provided to be in the same
direction. With the structure, variations in characteristics of
the transistors forming the pixels can be reduced.

The structure of a top view can also be a top view
illustrated in FIG. 57. FIG. 57 is different from FIG. 55 in
that the size of the transistor 101 which allows the semi-
conductor device to function as a current source is larger
than the size of the transistor functioning as a switch. With
the structure, the amount of current flowing through the
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transistor 101 which allows the semiconductor device to
function as a current source can be increased.

The structure of a top view can also be a top view
illustrated in FIG. 58. FIG. 58 is different from FIG. 55 in
that the other of the terminals of the transistor 101 which
allows the semiconductor device to function as a current
source is provided to have a U-shape and cover the one of
the terminals of the transistor 101. With the structure, the
amount of current flowing through the transistor 101 which
allows the semiconductor device to function as a current
source can be increased.

The structure of a top view can also be a top view
illustrated in FIG. 59. FIG. 59 is different from FIG. 55 in
that the one of the terminals of the transistor 101 which
allows the semiconductor device to function as a current
source is provided to have a U-shape and cover the other of
the terminals of the transistor 101. With the structure, the
amount of current flowing through the transistor 101 which
allows the semiconductor device to function as a current
source can be increased. Further, parasitic capacitance when
the potential of the gate of the transistor 101 is increased by
capacitive coupling can be large.

The structure of a top view can also be a top view
illustrated in FIG. 60. FIG. 60 is different from FIG. 55 in
that the gate electrode of the transistor forming the pixel is
provided to cover the channel formation region of the
transistor. With the structure, light incident to the channel
formation region can be reduced and therefore light dete-
rioration in characteristics of the transistor can be reduced.

Note that when the pixels described with reference to FI1G.
28 A have light-emitting elements emitting light of different
colors and are arranged, the sizes of the transistors 101
which allow the semiconductor device to function as a
current source can be different depending on the color. FIG.
61 is a top view of the structure in which the sizes of the
transistors 101 which allow the semiconductor device to
function as a current source are changed every color. A
transistor 101R in FIG. 61 is a transistor which allows the
semiconductor device to function as a current source, in a
pixel including a red light emitting element. A transistor
101G in FIG. 61 is a transistor which allows the semicon-
ductor device to function as a current source, in a pixel
including a green light emitting element. A transistor 101B
in FIG. 61 is a transistor which allows the semiconductor
device to function as a current source, in a pixel including
a blue light emitting element. With the structure, the proper
amount of current of the light-emitting elements emitting
light of colors can be supplied.

Note that when the pixels each described with reference
to FIG. 28A have light-emitting elements with different
colors and are arranged, the widths of the wirings 110 each
functioning as a power source line can be different depend-
ing on colors. FIG. 62 is a top view of the structure of the
wirings 110 each functioning as a power source line, whose
widths are different depending on colors. A wiring 110R in
FIG. 62 is a wiring for supplying current to a red light
emitting element. A wiring 110G in FIG. 62 is a wiring for
supplying current to a green light emitting element. A wiring
110B in FIG. 62 is a wiring for supplying current to a blue
light emitting element. With the structure, the proper amount
of current of light-emitting elements emitting each color of
light can be supplied.

The above top view illustrates an inverted staggered
transistor as each transistor, but the transistors may be
top-gate transistors. FIG. 63 is a top view where each
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transistor forming the pixel is a top-gate transistor. In that
case, contact holes 859 are added in comparison with the top
view illustrated in FIG. 55.

The contact holes 859 each have a function of connecting
the semiconductor layer 852 and the conductive layer 853.

In the case where the transistor forming the pixel is a
top-gate transistor as illustrated in FI1G. 63, a semiconductor
layer of the transistor is preferably formed using amorphous
silicon or polycrystalline silicon. With the structure, the
semiconductor layer can be used as a wiring between the
transistors in such a manner that an impurity element such
as phosphorus or boron is added to the semiconductor layer
to increase the conductivity of the semiconductor layer.

Next, structures of a cross section (taken along the chain
double-dashed line A-A' in FIG. 63) of a transistor func-
tioning as the switch 105 which is shown in the top view of
FIG. 63 and structures of a cross section (taken along the
chain double-dashed line B-B' in FIG. 63) of the capacitor
107 are described with reference to FIGS. 92A and 92B.

The transistor functioning as the switch 105 in FIG. 92A
is a top-gate transistor, for example. Further, the transistor
may have a single gate structure including one channel
formation region, a double gate structure including two
channel formation regions, or a triple gate structure includ-
ing three channel formation regions. Alternatively, the tran-
sistor may have a dual gate structure including two gate
electrode layers positioned over and below a channel region
with a gate insulating layer provided therebetween.

The transistor functioning as the switch 105 illustrated in
FIG. 92A includes, over the substrate 410, the semiconduc-
tor layer 852 including impurity regions 852_n to which an
impurity is added; an insulating layer 411 functioning as a
gate insulating layer; the conductive layer 851 functioning
as a gate; an insulating layer 412 functioning as an interlayer
insulating layer; and the conductive layers 853 functioning
as a source and a drain. An insulating layer 413 providing the
planarity of the surface is formed to cover the insulating
layer 412 and the conductive layer 853.

The capacitor 107 illustrated in FIG. 92B includes, over
the substrate 410, the semiconductor layer 852 including
impurity regions 852_n to each of which an impurity is
added; an insulating layer 411 functioning as a gate insu-
lating layer; and the conductive layer 851 functioning as the
other of the electrodes. The impurity regions 852_n function
as the one of the electrodes. The conductive layer 853
connected to the semiconductor layer 852 through a contact
hole provided in the insulating layer 411 and the insulating
layer 412 is provided. An insulating layer 413 providing the
planarity of the surface is formed to cover the insulating
layer 412 and the conductive layer 853.

FIG. 64 is a top view illustrating a structure in which the
semiconductor layer is used as a wiring between the tran-
sistors in such a manner that the semiconductor layer is
amorphous silicon or polycrystalline silicon and an impurity
element such as phosphorus or boron is added to the
semiconductor layer to increase the conductivity of the
semiconductor layer. A semiconductor layer 860 in FIG. 64
is a conductive layer whose conductivity is increased by
addition of an impurity element.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.
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Embodiment 13

In the above embodiment, a transistor forming the pixel of
the display device is an re-channel transistor. On the other
hand, in this embodiment, a circuit configuration in which a
p-channel transistor is used for the pixel of the display
device is described.

The transistor 101 of the pixel 100 in FIG. 28A is an
n-channel transistor, but the transistor of the pixel can be a
p-channel transistor as illustrated in FIG. 65 (p-channel
transistor 501 of a pixel 500).

As shown by comparison between FIG. 28A and FIG. 65,
a light-emitting element is connected to make current flow
in a direction opposite to that in the case of the light-emitting
element 106. Specifically, a light-emitting element 506 may
be connected as shown in FIG. 65.

In FIG. 28A, the wiring 109 and the wiring 110 are
supplied with Vcat and VDD, respectively. In FIG. 65, the
potentials can be switched; specifically, the wiring 109 and
the wiring 110 are supplied with VDD and Vcat, respec-
tively. The potential Vinit for initializing the potential of
each node in the pixel can be higher than VDD and Vcat.

As described above, the transistor which allows the semi-
conductor device to function as a current source can be a
p-channel transistor.

Note that each switch forming the pixel 100 in FIG. 28A
can be a p-channel transistor. Specifically, as described in
FIG. 66, a transistor 5027, a transistor 503T, a transistor
504T, and a transistor 505T, which are p-channel transistors,
may be used as the switches and the pixel is controlled by
the switching of the p-channel transistors. A signal for
switching the transistors may be supplied to the wirings 131
to 134 in such a manner that the operation of the pixel is the
same as the operation described with reference to FIGS. 31A
to 31C.

Note that in FIG. 28A, it is also possible to employ the
structure in which each switch of the pixel 100 is an
n-channel transistor and only the transistor which allows the
semiconductor device to function as a current source is a
p-channel transistor. Specifically, as illustrated in FIG. 67,
each switch may be an n-channel transistor and only the
transistor which allows the semiconductor device to function
as a current source is a p-channel transistor.

Note that the switches of the pixel have the same polarity
in each of FIG. 66 and FIG. 67, but the switches can have
different polarities from each other. Specifically as illus-
trated in FIG. 68, the switches of the pixel 500 can include
the p-channel transistor 5027, the n-channel transistor 1037,
the n-channel transistor 1047T, and the p-channel transistor
505T.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 14

In the above embodiments, transistors forming the pixels
of the display devices are re-channel transistors in many
cases. In particular, the case where a transistor which
includes a channel formation region in an oxide semicon-
ductor layer is used in the circuit configuration of the pixel
of the display device is described in this embodiment.
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In FIG. 28A, the transistor 101 of the pixel 100 is a simple
n-channel transistor, but the transistor can be a transistor
which includes a channel formation region in an oxide
semiconductor layer, as illustrated in FIG. 69 (transistor 601
of a pixel 600). Note that a transistor which includes a
channel formation region in an oxide semiconductor layer is
labeled as OS in the figures, similarly to the transistor 601
in FIG. 69.

In the structure in FIG. 69, the transistor 601 is a transistor
which includes a channel formation region in an oxide
semiconductor layer and therefore off-state current of the
transistor can be reduced. Accordingly, the pixel can have a
circuit configuration which does not easily allow malfunc-
tion.

Each switch forming the pixel 600 can be a transistor
which includes a channel formation region in an oxide
semiconductor layer. Specifically, as illustrated in FIG. 70,
the switches can be transistors 602 to 605 each of which
includes a channel formation region in an oxide semicon-
ductor layer.

Note that in this specification, the off-state current is
current that flows between a source and a drain when a
transistor is off. In the case of an n-channel transistor (whose
threshold voltage is, for example, about 0 to 2 V), off-state
current refers to current flowing between the source and the
drain when negative voltage is applied between the gate and
the source.

Next, a material of an oxide semiconductor layer in which
a channel formation region is provided is described below.
As described above, a structure in this embodiment may
include a layer formed using an oxide semiconductor (an
oxide semiconductor layer), for example.

Examples of an oxide semiconductor include a four-
component metal oxide such as an In—Sn—Ga—7n—0-
based oxide semiconductor; three-component metal oxides
such as an In—Ga—Zn—0-based oxide semiconductor, an
In—Sn—Zn—O-based oxide semiconductor, an In—Al—
Zn—0O-based oxide semiconductor, a Sn—Ga—Zn—O-
based oxide semiconductor, an Al—Ga—Zn—O-based
oxide semiconductor, a Sn—Al—Zn—0O-based oxide semi-
conductor, and a Hf—In—~Zn—O-based oxide semiconduc-
tor; two-component metal oxides such as an In—Zn—O-
based oxide semiconductor, a Sn—Zn—O-based oxide
semiconductor, an Al—Zn—0O-based oxide semiconductor,
a Zn—Mg—O-based oxide semiconductor, a Sn—Mg—O-
based oxide semiconductor, an In—Mg—O-based oxide
semiconductor, and an In—Ga—O-based oxide semicon-
ductor; and the like. In addition, any of the above oxide
semiconductors may contain an element other than In, Ga,
Sn, and Zn, for example, SiO,.

For example, an In—Sn—7n—0O-based oxide semicon-
ductor means an oxide semiconductor containing indium
(In), tin (Sn), and zinc (Zn), and there is no limitation on the
composition ratio. For example, an In—Ga—7n—0-based
oxide semiconductor means an oxide semiconductor con-
taining indium (In), gallium (Ga), and zinc (Zn), and there
is no limitation on the composition ratio. An In—Ga—7Zn—
O-based oxide semiconductor can be referred to as IGZO.

The oxide semiconductor layer can be formed using an
oxide semiconductor film. In the case where an In—Sn—
Zn—O-based oxide semiconductor film is formed by sput-
tering, a target which has a composition ratio of In:Sn:Zn=1:
2:2, 2:1:3, 1:1:1, 20:45:35, or the like in an atomic ratio is
used.

In the case where an In—Zn—O-based oxide semicon-
ductor film is formed by sputtering, a target has a compo-
sition ratio of In:Zn=50:1 to 1:2 in an atomic ratio (In,O;:
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7Zn0=25:1to 1:4 in a molar ratio), preferably In:Zn=20:1 to
1:1 in an atomic ratio (In,0;:Zn0=10:1 to 1:2 in a molar
ratio), more preferably In:Zn=1.5:1 to 15:1 in an atomic
ratio (In,05:7Zn0=3:4 to 15:2 in a molar ratio). For example,
in a target which has an atomic ratio of In:Zn:0=X:Y:Z, an
inequality of Z>1.5X+Y is satisfied.

In the case where an In—Ga—Zn—O-based oxide semi-
conductor film is formed by sputtering, a target can have a
composition ratio of In:Ga:Zn=1:1:0.5, 1:1:1, or 1:1:2 in an
atomic ratio.

When the purity of the target is set to 99.99% or higher,
alkali metal, hydrogen atoms, hydrogen molecules, water, a
hydroxyl group, hydride, or the like mixed to the oxide
semiconductor film can be reduced. In addition, when the
target is used, the concentration of alkali metal such as
lithium, sodium, or potassium can be reduced in the oxide
semiconductor film.

Note that it has been pointed out that an oxide semicon-
ductor is insensitive to impurities, there is no problem when
a considerable amount of metal impurities is contained in the
film, and therefore, soda-lime glass which contains a large
amount of alkali metal such as sodium (Na) and is inexpen-
sive can be used (Kamiya, Nomura, and Hosono, “Carrier
Transport Properties and Electronic Structures of Amor-
phous Oxide Semiconductors: The present status”, KOTAI
BUTSURI (SOLID STATE PHYSICS), 2009, Vol. 44, pp.
621-633). But such consideration is not appropriate. Alkali
metal is not an element included in an oxide semiconductor,
and therefore, is an impurity. Also, alkaline earth metal is
impurity in the case where alkaline earth metal is not
included in an oxide semiconductor. Alkali metal, in par-
ticular, Na becomes Na* when an insulating film in contact
with the oxide semiconductor layer is an oxide and Na
diffuses into the insulating layer. Further, in the oxide
semiconductor layer, Na cuts or enters a bond between metal
and oxygen which are included in an oxide semiconductor.
As a result, for example, deterioration of characteristics of
the transistor, such as a normally-on state of the transistor
due to shift of a threshold voltage in the negative direction,
or reduction in mobility, occurs. In addition, variations in
characteristics also occurs. Such deterioration of character-
istics and variations in characteristics of the transistor due to
the impurity remarkably appear when the concentration of
hydrogen in the oxide semiconductor layer is extremely low.
Therefore, when the hydrogen concentration in the oxide
semiconductor layer is less than or equal to 1x10'%cm?,
preferably less than or equal to 1x10*”/cm?, the concentra-
tion of the above impurity is preferably reduced. Specifi-
cally, a measurement value of a Na concentration by sec-
ondary ion mass spectrometry is preferably less than or
equal to 5x10%cm>, more preferably less than or equal to
1x10'%/cm?, still more preferably less than or equal to
1x10**/cm?. In a similar manner, a measurement value of a
Li concentration is preferably less than or equal to 5x10%/
cm®, more preferably less than or equal to 1x10*%/cm>. In a
similar manner, a measurement value of a K concentration
is preferably less than or equal to 5x10"%/cm®, more pref-
erably less than or equal to 1x10"%/cm®.

The oxide semiconductor film is in a single crystal state,
a polycrystalline (also referred to as polycrystal) state, an
amorphous state, or the like.

The oxide semiconductor layer is preferably a CAAC-OS
(c-axis aligned crystalline oxide semiconductor) film.

The CAAC-OS film is not completely single crystal nor
completely amorphous. The CAAC-OS film is an oxide
semiconductor film with a crystal-amorphous mixed phase
structure where crystal parts are included in an amorphous
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phase. Note that in most cases, the crystal part fits inside a
cube whose one side is less than 100 nm From an observa-
tion image obtained with a transmission electron microscope
(TEM), a boundary between an amorphous part and a crystal
part in the CAAC-OS film is not clear. Further, with the
TEM, a grain boundary in the CAAC-OS film is not found.
Thus, in the CAAC-OS film, a reduction in electron mobil-
ity, due to the grain boundary, is prevented.

In each of the crystal parts included in the CAAC-OS
film, a c-axis is aligned in a direction parallel to a normal
vector of a surface where the CAAC-OS film is formed or
a normal vector of a surface of the CAAC-OS film, trian-
gular or hexagonal atomic arrangement which is seen from
the direction perpendicular to the a-b plane is formed, and
metal atoms are arranged in a layered manner or metal atoms
and oxygen atoms are arranged in a layered manner when
seen from the direction perpendicular to the c-axis. Note
that, among crystal parts, the directions of the a-axis and the
b-axis of one crystal part may be different from those of
another crystal part. In this specification, a simple term
“perpendicular” includes a range from 85° to 95°. In addi-
tion, a simple term “parallel” includes a range from -5° to
5°.

In the CAAC-OS film, distribution of crystal parts is not
necessarily uniform. For example, in the formation process
of the CAAC-OS film, in the case where crystal growth
occurs from a surface side of the oxide semiconductor film,
the proportion of crystal parts in the vicinity of the surface
of the oxide semiconductor film is higher than that in the
vicinity of the surface where the oxide semiconductor film
is formed in some cases. Further, when an impurity is added
to the CAAC-OS film, the crystal part in a region to which
the impurity is added becomes amorphous in some cases.

Since the c-axes of the crystal parts included in the
CAAC-OS film are aligned in the direction parallel to a
normal vector of a surface where the CAAC-OS film is
formed or a normal vector of a surface of the CAAC-OS
film, the directions of the c-axes may be different from each
other depending on the shape of the CAAC-OS film (the
cross-sectional shape of the surface where the CAAC-OS
film is formed or the cross-sectional shape of the surface of
the CAAC-OS film). Note that when the CAAC-OS film is
formed, the direction of c-axis of the crystal part is the
direction parallel to a normal vector of the surface where the
CAAC-OS film is formed or a normal vector of the surface
of the CAAC-OS film. The crystal part is formed by
deposition or by performing treatment for crystallization
such as heat treatment after deposition.

With use of the CAAC-OS film in a transistor, change in
electric characteristics of the transistor due to irradiation
with visible light or ultraviolet light can be reduced. Thus,
the transistor has high reliability.

An example of a crystal structure of the CAAC-OS film
is described in detail with reference to FIGS. 71A to 71E,
FIGS. 72A to 72C, FIGS. 73A to 73C, and FIGS. 74A and
74B. In FIGS. 71A to 71E, FIGS. 72A to 72C, FIGS. 73A
to 73C, and FIGS. 74A and 74B, the vertical direction
corresponds to the c-axis direction and a plane perpendicular
to the c-axis direction corresponds to the a-b plane, unless
otherwise specified. When the expressions “an upper half”
and “a lower half” are simply used, they refer to an upper
half above the a-b plane and a lower half below the a-b plane
(an upper half'and a lower half with respect to the a-b plane).
Furthermore, in FIGS. 71A to 71E, O surrounded by a circle
represents tetracoordinate O and O surrounded by a double
circle represents tricoordinate O.
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FIG. 71A illustrates a structure including one hexacoor-
dinate In atom and six tetracoordinate oxygen (hereinafter
referred to as tetracoordinate O) atoms proximate to the In
atom. Here, a structure including one metal atom and
oxygen atoms proximate thereto is referred to as a small
group. The structure in FIG. 71A is actually an octahedral
structure, but is illustrated as a planar structure for simplic-
ity. Note that three tetracoordinate O atoms exist in each of
an upper half and a lower half in FIG. 71A. In the small
group illustrated in FIG. 71A, electric charge is O.

FIG. 71B illustrates a structure including one pentacoor-
dinate Ga atom, three tricoordinate oxygen (hereinafter
referred to as tricoordinate O) atoms proximate to the Ga
atom, and two tetracoordinate O atoms proximate to the Ga
atom. All the tricoordinate O atoms exist on the a-b plane.
One tetracoordinate O atom exists in each of an upper half
and a lower half in FIG. 71B. An In atom can also have the
structure illustrated in FIG. 71B because an In atom can
have five ligands. In the small group illustrated in FIG. 71B,
electric charge is 0.

FIG. 71C illustrates a structure including one tetracoor-
dinate Zn atom and four tetracoordinate O atoms proximate
to the Zn atom. In FIG. 71C, one tetracoordinate O atom
exists in an upper half and three tetracoordinate O atoms
exist in a lower half. Alternatively, three tetracoordinate O
atoms may exist in the upper half and one tetracoordinate O
atom may exist in the lower half in FIG. 71C. In the small
group illustrated in FIG. 71C, electric charge is O.

FIG. 71D illustrates a structure including one hexacoor-
dinate Sn atom and six tetracoordinate O atoms proximate to
the Sn atom. In FIG. 71D, three tetracoordinate O atoms
exist in each of an upper half and a lower half. In the small
group illustrated in FIG. 71D, electric charge is +1.

FIG. 71E illustrates a small group including two Zn
atoms. In FIG. 71E, one tetracoordinate O atom exists in
each of an upper half and a lower half. In the small group
illustrated in FIG. 71E, electric charge is -1.

Here, a plurality of small groups form a medium group,
and a plurality of medium groups form a large group (also
referred to as a unit cell).

Now, a rule of bonding between the small groups will be
described. The three O atoms in the upper half with respect
to the hexacoordinate In atom in FIG. 71A each have three
proximate In atoms in the downward direction, and the three
O atoms in the lower half each have three proximate In
atoms in the upward direction. The one O atom in the upper
half with respect to the pentacoordinate Ga atom in FIG.
71B has one proximate Ga atom in the downward direction,
and the one O atom in the lower half has one proximate Ga
atom in the upward direction. The one O atom in the upper
half with respect to the tetracoordinate Zn atom in FIG. 71C
has one proximate Zn atom in the downward direction, and
the three O atoms in the lower half each have three proxi-
mate Zn atoms in the upward direction. In this manner, the
number of the tetracoordinate O atoms above the metal atom
is equal to the number of the metal atoms proximate to and
below each of the tetracoordinate O atoms. Similarly, the
number of the tetracoordinate O atoms below the metal atom
is equal to the number of the metal atoms proximate to and
above each of the tetracoordinate O atoms. Since the coor-
dination number of the tetracoordinate O atom is 4, the sum
of'the number of the metal atoms proximate to and below the
O atom and the number of the metal atoms proximate to and
above the O atom is 4. Accordingly, when the sum of the
number of tetracoordinate O atoms above a metal atom and
the number of tetracoordinate O atoms below another metal
atom is 4, the two kinds of small groups including the metal
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atoms can be bonded. The reason is described as follows.
For example, in the case where the hexacoordinate metal (In
or Sn) atom is bonded through three tetracoordinate O atoms
in the lower half, it is bonded to the pentacoordinate metal
(Ga or In) atom or the tetracoordinate metal (Zn) atom.

A metal atom whose coordination number is 4, 5, or 6 is
bonded to another metal atom through a tetracoordinate O
atom in the c-axis direction. In addition to the above, a
medium group can be formed in a different manner by
combining a plurality of small groups so that the total
electric charge of the layered structure is 0.

FIG. 72A illustrates a model of a medium group included
in a layered structure of an In—Sn—Z7n—0O-based material.
FIG. 72B illustrates a large group including three medium
groups. Note that FIG. 72C illustrates an atomic arrange-
ment in the case where the layered structure in FIG. 72B is
observed from the c-axis direction.

In FIG. 72A, a tricoordinate O atom is omitted for
simplicity, and a tetracoordinate O atom is illustrated by a
circle; the number in the circle shows the number of tetra-
coordinate O atoms. For example, three tetracoordinate O
atoms existing in each of an upper half and a lower half with
respect to a Sn atom are denoted by circled 3. Similarly, in
FIG. 72A, one tetracoordinate O atom existing in each of an
upper half and a lower half with respect to an In atom is
denoted by circled 1. FIG. 72A also illustrates a Zn atom
proximate to one tetracoordinate O atom in a lower half and
three tetracoordinate O atoms in an upper half, and a Zn
atom proximate to one tetracoordinate O atom in an upper
half and three tetracoordinate O atoms in a lower half.

In the medium group included in the layered structure of
the In—Sn—Zn—O-based material in FIG. 72A, in the
order starting from the top, a Sn atom proximate to three
tetracoordinate O atoms in each of an upper half and a lower
half'is bonded to an In atom proximate to one tetracoordinate
O atom in each of an upper half and a lower half, the In atom
is bonded to a Zn atom proximate to three tetracoordinate O
atoms in an upper half, the Zn atom is bonded to an In atom
proximate to three tetracoordinate O atoms in each of an
upper half and a lower half through one tetracoordinate O
atom in a lower half with respect to the Zn atom, the In atom
is bonded to a small group that includes two Zn atoms and
is proximate to one tetracoordinate O atom in an upper half,
and the small group is bonded to a Sn atom proximate to
three tetracoordinate O atoms in each of an upper half and
a lower half through one tetracoordinate O atom in a lower
half with respect to the small group. A plurality of such
medium groups are bonded, so that a large group is formed.

Here, electric charge for one bond of a tricoordinate O
atom and electric charge for one bond of a tetracoordinate O
atom can be assumed to be —-0.667 and -0.5, respectively.
For example, electric charge of a (hexacoordinate or penta-
coordinate) In atom, electric charge of a (tetracoordinate) Zn
atom, and electric charge of a (pentacoordinate or hexaco-
ordinate) Sn atom are +3, +2, and +4, respectively. Accord-
ingly, electric charge in a small group including a Sn atom
is +1. Therefore, electric charge of —1, which cancels +1, is
needed to form a layered structure including a Sn atom. As
a structure having electric charge of -1, the small group
including two Zn atoms as illustrated in FIG. 71E can be
given. For example, with one small group including two Zn
atoms, electric charge of one small group including a Sn
atom can be cancelled, so that the total electric charge of the
layered structure can be 0.

When the large group illustrated in FIG. 72B is repeated,
an In—Sn—7n—O-based crystal (In,SnZn;Og) can be
obtained. Note that a layered structure of the obtained



US RE48,576 E

63

In—Sn—7n—O-based crystal can be expressed as a com-
position formula, In,SnZn,0,(Zn0),, (m is O or a natural
number).

The above-described rule also applies to the following
materials: a four-component metal oxide such as an In—
Sn—Ga—7n—O0-based oxide; a three-component metal
oxide such as an In—Ga—7n—O-based oxide (also referred
to as IGZ0), an In—Al—7n—O-based oxide, a Sn—Ga—
Zn—0O-based oxide, an Al—Ga—Zn—0O-based oxide, a
Sn—Al—Zn—O-based oxide, an In—Hf—Zn—O-based
oxide, an In—La—Zn—0O-based oxide, an In—Ce—Zn—
O-based oxide, an In—Pr—Zn—O-based oxide, an In—
Nd—Zn—O-based oxide, an In—Sm—Zn—0-based oxide,
an In—FEu—Zn—O-based oxide, an In—Gd—Zn—O-
based oxide, an In—Tb—Zn—0O-based oxide oxide, an
In—Dy—Z7n—O0-based oxide, an In—Ho—7n—O-based
oxide, an In—FEr—Z7n—0-based oxide, an In—Tm—Zn—
O-based oxide, an In—Yb—Zn—O-based oxide, or an
In—Lu—7n—0-based oxide; a two-component metal
oxide such as an In—Zn—0O-based oxide, a Sn—Zn—0O-
based oxide, an Al—Zn—0-based oxide, a Zn—Mg—O-
based oxide, a Sn—Mg—0O-based oxide, an In—Mg—O-
based oxide, or an In—Ga—0O-based oxide; and the like.

As an example, FIG. 73A illustrates a model of a medium
group included in a layered structure of an In—Ga—7Zn—
O-based material.

In the medium group included in the layered structure of
the In—Ga—Zn—O0O-based material in FIG. 73A, in the
order starting from the top, an In atom proximate to three
tetracoordinate O atoms in each of an upper half and a lower
half is bonded to a Zn atom proximate to one tetracoordinate
O atom in an upper half, the Zn atom is bonded to a Ga atom
proximate to one tetracoordinate O atom in each of an upper
half and a lower half through three tetracoordinate O atoms
in a lower half with respect to the Zn atom, and the Ga atom
is bonded to an In atom proximate to three tetracoordinate O
atoms in each of an upper half and a lower half through one
tetracoordinate O atom in a lower half with respect to the Ga
atom. A plurality of such medium groups are bonded, so that
a large group is formed.

FIG. 73B illustrates a large group including three medium
groups. Note that FIG. 73C illustrates an atomic arrange-
ment in the case where the layered structure in FIG. 73B is
observed from the c-axis direction.

Here, since electric charge of a (hexacoordinate or pen-
tacoordinate) In atom, electric charge of a (tetracoordinate)
Zn atom, and electric charge of a (pentacoordinate) Ga atom
are +3, +2, and +3, respectively, electric charge of a small
group including any of an In atom, a Zn atom, and a Ga atom
is 0. As a result, the total electric charge of a medium group
having a combination of such small groups is always O.

In order to form the layered structure of the In—Ga—
Zn—O-based material, a large group can be formed using
not only the medium group illustrated in FIG. 73A but also
a medium group in which the arrangement of the In atom,
the Ga atom, and the Zn atom is different from that in FIG.
73A.

When the large group shown in FIG. 73B is repeated, a
crystal of an In—Ga—Z7n—O0 system can be obtained. Note
that a layered structure of the obtained In—Ga—Zn—0-
based crystal can be expressed as a composition formula,
InGaO; (Zn0),, (n is a natural number).

In the case where n=1 (InGaZnO,), a crystal structure
illustrated in FIG. 74A can be obtained, for example. Note
that in the crystal structure in FIG. 74A, a Ga atom and an
In atom each have five ligands as described in FIG. 71B, a
structure in which Ga is replaced with In can be obtained.
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In the case where n is 2 (InGaZn,0s), a crystal structure
illustrated in FIG. 74B can be obtained, for example. Note
that in the crystal structure in FIG. 74B, since a Ga atom and
an In atom each have five ligands as described in FIG. 71B,
a structure in which Ga is replaced with In can be obtained.

A CAAC-OS film can be formed by sputtering. The above
material can be used as a target material. In the case where
the CAAC-OS film is formed by a sputtering method, the
proportion of an oxygen gas in an atmosphere is preferably
high. In the case where sputtering is performed in a mixed
gas of argon and oxygen, for example, the proportion of an
oxygen gas is preferably 30% or higher, more preferably
40% or higher because supply of oxygen from the atmo-
sphere promotes crystallization of the CAAC-OS film.

In the case where the CAAC-OS film is formed by a
sputtering method, a substrate over which the CAAC-OS
film is formed is heated preferably to 150° C. or higher, more
preferably to 170° C. or higher. This is because the higher
the substrate temperature becomes, the more crystallization
of the CAAC-OS film is promoted.

After heat treatment is performed on the CAAC-OS film
in a nitrogen atmosphere or in vacuum, heat treatment is
preferably performed in an oxygen atmosphere or a mixed
gas of oxygen and another gas. This is because oxygen
deficiency due to the former heat treatment can be reduced
by supply of oxygen from the atmosphere in the latter heat
treatment.

A film surface on which the CAAC-OS film is formed
(deposition surface) is preferably flat. This is because rough-
ness of the deposition surface leads to generation of grain
boundaries in the CAAC-OS film because the c-axis
approximately perpendicular to the deposition surface exists
in the CAAC-OS film. For this reason, the deposition
surface is preferably subjected to planarization treatment
such as chemical mechanical polishing (CMP) before the
CAAC-OS film is deposited. The average roughness of the
deposition surface is preferably 0.5 nm or less, more pref-
erably 0.3 nm or less.

Note that an oxide semiconductor film (or an oxide
semiconductor layer formed using an oxide semiconductor
film) formed by a sputtering method or the like contains
moisture or hydrogen (including a hydroxyl group) as impu-
rities in some cases. In one embodiment of the present
invention, in order to reduce impurities such as moisture or
hydrogen in the oxide semiconductor film (the oxide semi-
conductor layer) (in order to perform dehydration or dehy-
drogenation), heat treatment is performed on the oxide
semiconductor film (the oxide semiconductor layer) in a
reduced-pressure atmosphere, an inert gas atmosphere of
nitrogen, a rare gas, or the like, an oxygen gas atmosphere,
or ultra dry air (the moisture amount is 20 ppm (-55° C. by
conversion into a dew point) or less, preferably 1 ppm or
less, more preferably 10 ppb or less, in the case where
measurement is performed by a dew point meter in a cavity
ring-down laser spectroscopy (CRDS) method).

Heat treatment can eliminate moisture or hydrogen in the
oxide semiconductor film (the oxide semiconductor layer).
Specifically, the heat treatment may be performed at tem-
perature higher than or equal to 250° C. and lower than or
equal to 750° C., preferably higher than or equal to 400° C.
and lower than the strain point of a substrate. For example,
the heat treatment may be performed at 500° C. for 3
minutes or longer and 6 minutes or shorter. When RTA is
used for the heat treatment, dehydration or dehydrogenation
can be performed in a short time; thus, treatment can be
performed even at temperature higher than the strain point of
a glass substrate.



US RE48,576 E

65

After moisture or hydrogen in the oxide semiconductor
film is eliminated in such a manner, oxygen is added to the
oxide semiconductor film (the oxide semiconductor layer).
Thus, oxygen defects in the oxide semiconductor film (oxide
semiconductor layer), or the like is reduced, so that the oxide
semiconductor layer can be an i-type or substantially i-type
oxide semiconductor layer.

The addition of oxygen can be performed in such a
manner that an insulating film including a region where the
amount of oxygen is greater than that in the stoichiometric
composition ratio is formed in contact with the oxide
semiconductor film (or the oxide semiconductor layer), and
then heated. In such a manner, excessive oxygen in the
insulating film can be supplied to the oxide semiconductor
film (oxide semiconductor layer). Thus, the oxide semicon-
ductor film (oxide semiconductor layer) can contain oxygen
excessively. Oxygen contained excessively exists, for
example, between lattices of a crystal included in the oxide
semiconductor film (oxide semiconductor layer).

Note that the insulating film including a region where the
amount of oxygen is greater than that in the stoichiometric
composition ratio may be used for either the insulating film
positioned on the upper side of the oxide semiconductor film
(oxide semiconductor layer) or the insulating film positioned
on the lower side of the oxide semiconductor film (oxide
semiconductor layer) of the insulating films in contact with
the oxide semiconductor film (oxide semiconductor layer);
however, it is preferable to use such an insulating film to
both of the insulating films in contact with the oxide
semiconductor film (oxide semiconductor layer). The above-
described effect can be enhanced with a structure, in which
the insulating films each including a region where the
amount of oxygen is greater than that in the stoichiometric
composition ratio are used as the insulating films in contact
with the oxide semiconductor film (oxide semiconductor
layer) and positioned on the upper side and the lower side of
the oxide semiconductor film (oxide semiconductor layer) so
that the oxide semiconductor film (oxide semiconductor
layer) is provided between the insulating films.

Here, the insulating film including a region where the
amount of oxygen is greater than that in the stoichiometric
composition ratio may be a single-layer insulating film or a
plurality of insulating films which are stacked. Note that it
is preferable that the insulating film include impurities such
as moisture and hydrogen as little as possible. When hydro-
gen is contained in the insulating film, entry of the hydrogen
to the oxide semiconductor film (oxide semiconductor layer)
or extraction of oxygen from the oxide semiconductor film
(oxide semiconductor layer) by the hydrogen occurs,
whereby the oxide semiconductor film has lower resistance
(has n-type conductivity); thus, a parasitic channel might be
formed. Therefore, it is important that a film formation
method in which hydrogen is not used be employed in order
to form the insulating film containing as little hydrogen as
possible. In addition, a material having a high barrier
property is preferably used for the insulating film. For
example, a silicon nitride film, a silicon nitride oxide film,
an aluminum nitride film, an aluminum oxide film, an
aluminum nitride oxide film, or the like can be used as the
insulating film having a high barrier property. In the case of
using a plurality of insulating films which are stacked, an
insulating film having a lower proportion of nitrogen such as
a silicon oxide film or a silicon oxynitride film is formed to
be closer to the oxide semiconductor film (oxide semicon-
ductor layer) than the insulating film having high barrier
property. Then, the insulating film having a high barrier
property is formed to overlap with the oxide semiconductor
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film (oxide semiconductor layer) with the insulating film
having a lower proportion of nitrogen provided therebe-
tween. With the use of the insulating film having a high
barrier property, impurities such as moisture or hydrogen
can be prevented from entering the oxide semiconductor
film (oxide semiconductor layer), the interface between the
oxide semiconductor film and another insulating film, and
the vicinity thereof. In addition, the insulating film having
lower proportion of nitrogen such as a silicon oxide film or
a silicon oxynitride film is formed to be in contact with the
oxide semiconductor film (oxide semiconductor layer), so
that the insulating film formed using a material having a high
barrier property can be prevented from being in contact with
the oxide semiconductor film (oxide semiconductor layer)
directly.

Alternatively, the addition of oxygen after moisture or
hydrogen in the oxide semiconductor film (oxide semicon-
ductor layer) is eliminated may be performed by heat
treatment on the oxide semiconductor film (oxide semicon-
ductor layer) in an oxygen atmosphere. The heat treatment
is performed at a temperature of, for example, higher than or
equal to 100° C. and lower than 350° C., preferably higher
than or equal to 150° C. and lower than 250° C. It is
preferable that an oxygen gas used for the heat treatment
under an oxygen atmosphere do not include water, hydro-
gen, or the like. Alternatively, the purity of the oxygen gas
which is introduced into the heat treatment apparatus is
preferably greater than or equal to 6N (99.9999%), further
preferably greater than or equal to 7N (99.99999%) (that is,
the impurity concentration in the oxygen gas is less than or
equal to 1 ppm, preferably less than or equal to 0.1 ppm).

Further alternatively, the addition of oxygen after mois-
ture or hydrogen in the oxide semiconductor film (oxide
semiconductor layer) is eliminated may be performed by an
ion implantation method or an ion doping method. For
example, oxygen made to be plasma with a microwave of
2.45 GHz may be added to the oxide semiconductor film
(oxide semiconductor layer).

The thus formed oxide semiconductor layer can be used
as the semiconductor layer of the transistor 601. In this
manner, the transistor 601 with extremely low off-state
current can be obtained.

Alternatively, the semiconductor layer of the transistor
601 may include microcrystalline silicon. Note that micro-
crystalline silicon is a semiconductor having an intermediate
structure between an amorphous structure and a crystalline
structure (including single crystal and polycrystal). In the
microcrystalline silicon, columnar or needle-like crystal
grains having a grain size of 2 nm to 200 nm, preferably 10
nm to 80 nm, further preferably 20 nm to 50 nm, still further
preferably 25 nm to 33 nm have grown in a direction normal
to the substrate surface. Therefore, there are some cases in
which a crystal grain boundary is formed at the interface
between the columnar or needle-like crystal grains.

Alternatively, the semiconductor layer of the transistor
601 may include amorphous silicon. Alternatively, the semi-
conductor layer of the transistor 601 may include polycrys-
talline silicon. Alternatively, the semiconductor layer of the
transistor 601 may include an organic semiconductor, a
carbon nanotube, or the like.

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.
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Embodiment 15

In this embodiment, the structures of a display panel cell
having the pixel configuration described in Embodiments 7
to 14 are described with reference to FIGS. 75A and 75B.

It is to be noted that FIG. 75A is a top plan view of the
display panel cell and FIG. 75B is a cross sectional diagram
along a line A-A' of FIG. 75A. The display panel cell
includes a signal line driver circuit 6701, a pixel portion
6702, a first scan line driver circuit 6703, and a second scan
line driver circuit 6706, which are shown by dotted lines.
Further, a sealing substrate 6704 and a sealing material 6705
are provided. A portion surrounded by the sealing material
6705 is a space 6707.

Note that a wire 6708 is a wire for transmitting a signal
input to the first scan line driver circuit 6703, the second
scan line driver circuit 6706, and the signal line driver circuit
6701 and receives a video signal, a clock signal, a start
signal, and the like from a flexible printed circuit (FPC)
6709 functioning as an external input terminal. An IC chip
(semiconductor chip including a memory circuit, a buffer
circuit, and the like) 6719 is mounted over a connecting
portion of the FPC 6709 and the display panel cell by chip
on glass (COG) or the like. It is to be noted that only the FPC
6709 is shown here; however, a printed wire board (PWB)
may be attached to the FPC 6709. The display device in this
specification includes not only a main body of the display
panel cell but also one with an FPC or a PWB attached
thereto and one on which an IC chip or the like is mounted.

Next, description is made with reference to FIG. 75B of
a cross-sectional structure. The pixel portion 6702 and
peripheral driver circuits (the first scan line driver circuit
6703, the second scan line driver circuit 6706, and the signal
line driver circuit 6701) are formed over a substrate 6710.
Here, the signal line driver circuit 6701 and the pixel portion
6702 are shown.

Note that the signal line driver circuit 6701 is formed of
a p-channel or n-channel transistor such as an n-channel
transistor 6720 or an n-channel transistor 6721. As for a
pixel configuration, a pixel can be formed of a p-channel or
n-channel transistor by applying the pixel configuration of
FIG. 28A, FIG. 43, or FIG. 44. Accordingly, the peripheral
driver circuits are formed of n-channel transistors, thereby a
unipolar display panel cell can be manufactured. Needless to
say, a CMOS circuit may be formed of a p-channel transistor
as well as a p-channel or n-channel transistor. Further, in this
example, a display panel cell in which the peripheral driver
circuits are formed over the same substrate is shown;
however, the present invention is not limited to this. All or
some of the peripheral driver circuits may be formed into an
IC chip or the like and mounted by COG or the like. In that
case, the driver circuit is not required to be unipolar and can
be formed in combination with a p-channel transistor.

Further, the pixel portion 6702 includes transistors 6711
and 6712. It is to be noted that a source electrode of the
transistor 6712 is connected to a first electrode (pixel
electrode) 6713. An insulator 6714 is formed so as to cover
end portions of the first electrode 6713. Here, a positive
photosensitive acrylic resin film is used for the insulator
6714.

In order to obtain excellent coverage, the insulator 6714
is formed to have a curved surface having a curvature at a
top end portion or a bottom end portion of the insulator
6714. For example, in the case of using a positive photo-
sensitive acrylic as a material for the insulator 6714, it is
preferable that only the top end portion of the insulator 6714
has a curved surface having a curvature radius (0.2 to 3 pm).
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Moreover, either a negative photosensitive acrylic which
becomes insoluble in etchant by light or a positive photo-
sensitive acrylic which becomes soluble in etchant by light
can be used as the insulator 6714.

A layer 6716 containing an organic compound and a
second electrode (opposite electrode) 6717 are formed over
the first electrode 6713. Here, it is preferable to use a
material having a high work function as a material used for
the first electrode 6713 which functions as an anode. For
example, a single layer of an indium tin oxide film, an
indium zinc oxide film, a titanium nitride film, a chromium
film, a tungsten film, a Zn film, a Pt film, or the like, a
stacked layer of a titanium nitride film and a film containing
aluminum as a main component, a three-layer structure of a
titanium nitride film, a film containing aluminum as a main
component, and a titanium nitride film, or the like can be
used. It is to be noted that with a stacked layer structure,
resistance as a wire is low, good ohmic contact can be
obtained, and a function as an anode can be obtained.

The layer 6716 containing an organic compound is
formed by an evaporation method using an evaporation
mask, or ink-jet. A complex of a metal belonging to group
4 of the periodic table of the elements is used for a part of
the layer 6716 containing an organic compound. Besides, a
low molecular material or a high molecular material may be
used in combination as well. Further, as a material used for
the layer containing an organic compound, a single layer or
a stacked layer of an organic compound is often used;
however, in this example, an inorganic compound may be
used in a part of a film formed of an organic compound.
Moreover, a known triplet material can also be used.

Further, as a material used for the second electrode 6717
which functions as a cathode and is formed over the layer
6716 containing an organic compound, a material having a
low work function (Al, Ag, Li, Ca, or an alloy thereof such
as MgAg, Mgln, AllLi, CaF,, or Ca;N,) may be used. In the
case where light generated from the layer 6716 containing
an organic compound passes through the second electrode
6717, a stacked layer of a thin metal film with a thinner
thickness and a transparent conductive layer (e.g., an indium
tin oxide film, indium oxide zinc oxide (In,O;—Z7n0), or
zinc oxide (ZnQ)) is preferably used as the second electrode
6717 (cathode).

Further, by attaching the sealing substrate 6704 to the
substrate 6710 with the sealing material 6705, a light-
emitting element 6718 is provided in the space 6707 sur-
rounded by the substrate 6710, the sealing substrate 6704,
and the sealing material 6705. It is to be noted that the space
6707 may be filled with the sealing material 6705, as well as
with an inert gas (nitrogen, argon, or the like).

Note that an epoxy-based resin is preferably used for the
sealing material 6705. Further, it is preferable that these
materials should not transmit moisture or oxygen as much as
possible. As a material for the sealing substrate 6704, a glass
substrate, a quartz substrate, a plastic substrate formed of
FRP (Fiberglass-Reinforced Plastics), PVF (polyvinylfluo-
ride), polyester, acrylic, or the like can be used.

In the above manner, the display panel cell with the pixel
structures in Embodiments 7 to 14 can be obtained.

Next, a structural example of a display module which
includes the display panel cell described with reference to
FIGS. 75A and 75B is described with reference to FIG. 99.

A display module 8000 has an upper cover 8001 and a
lower cover 8002 with a touch panel cell 8004 connected to
an FPC 8003, a display panel cell 8006 connected to an FPC
8005, a frame 8007, and a printed circuit 8008 provided
therebetween.
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The shapes and sizes of the upper cover 8001 and the
lower cover 8002 can be changed as appropriate in accor-
dance with the sizes of the touch panel cell 8004 and the
display panel cell 8006.

The touch panel cell 8004 can be a resistive touch panel
cell or a capacitive touch panel cell and may be formed to
overlap with the display panel cell 8006. A counter substrate
(sealing substrate) of the display panel cell 8006 can have a
touch panel function. A photosensor may be provided in
each pixel of the display panel cell 8006 and the touch panel
cell 8004 can be an optical touch panel.

The display panel cell illustrated in FIGS. 75A and 75B
can be used for the display panel cell 8006. That is, as for
a pixel structure, a pixel can be formed of a p-channel or
n-channel transistor by applying the pixel structure of FIG.
28A, FIG. 43, or FIG. 44. When the peripheral driver circuits
are formed using n-channel transistors, a unipolar display
panel cell can be formed.

The frame 8007 has a function of protecting the display
panel cell 8006 and functions as an electromagnetic shield
for blocking electromagnetic waves generated by the opera-
tion of the printed circuit 8008. The frame 8007 may
function as a radiator plate.

The printed circuit 8008 has a power supply circuit and a
signal processing circuit for outputting a video signal and a
clock signal. A power source for supplying power to the
power supply circuit can be an external commercial power
source or a power source using a battery which is addition-
ally provided.

The display module 8000 can be additionally provided
with a member such as a polarizing plate, a retardation plate,
or a prism sheet

This embodiment is obtained by performing change,
addition, modification, removal, application, superordinate
conceptualization, or subordinate conceptualization on part
of or the whole of the other embodiment. Thus, part of or the
whole of this embodiment can be freely combined with,
applied to, or replaced with part of or the whole of another
embodiment.

Embodiment 16

In this embodiment, examples of electronic devices are
described.

FIGS. 76A to 76H and FIGS. 77A to 77D illustrate
electronic devices. These electronic devices can include a
housing 5000, a display portion 5001, a speaker 5003, an
LED lamp 5004, operation keys 5005 (including a power
switch or an operation switch), a connection terminal 5006,
a sensor 5007 (sensor having a function of measuring force,
displacement, position, speed, acceleration, angular veloc-
ity, rotational frequency, distance, light, liquid, magnetism,
temperature, chemical substance, sound, time, hardness,
electric field, current, voltage, electric power, radiation, flow
rate, humidity, gradient, oscillation, smell, or infrared ray),
a microphone 5008, and the like.

FIG. 76A illustrates a portable computer, which can
include a switch 5009, an infrared port 5010, and the like in
addition to the above objects. FIG. 76B illustrates a portable
image reproducing device provided with a memory medium
(e.g., a DVD reproducing device), which can include a
second display portion 5002, a memory medium read por-
tion 5011, and the like in addition to the above objects. FI1G.
76C illustrates a goggle-type display, which can include the
second display portion 5002, a support 5012, an earphone
5013, and the like in addition to the above objects. FIG. 76D
illustrates a portable game machine, which can include the
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memory medium read portion 5011 and the like in addition
to the above objects. FIG. 76E illustrates a digital camera
with a television reception function, which can include an
antenna 5014, a shutter button 5015, an image reception
portion 5016, and the like in addition to the above objects.
FIG. 76F illustrates a portable game machine, which can
include the second display portion 5002, the memory
medium read portion 5011, and the like in addition to the
above objects. FIG. 76G illustrates a television receiver,
which can include a tuner, an image processing portion, and
the like in addition to the above objects. FIG. 76H illustrates
a portable television receiver, which can include a charger
5017 capable of transmitting and receiving signals and the
like in addition to the above objects. FIG. 77A illustrates a
display, which can include a support base 5018 and the like
in addition to the above objects. FIG. 77B illustrates a
camera, which can include an external connection port 5019,
a shutter button 5015, an image reception portion 5016, and
the like in addition to the above objects. FIG. 77C illustrates
a computer, which can include a pointing device 5020, the
external connection port 5019, a reader/writer 5021, and the
like in addition to the above objects. FIG. 77D illustrates a
mobile phone, which can include a transmitter, a receiver, a
tuner of 1 seg partial reception service for mobile phones
and mobile terminals, and the like in addition to the above
objects.

The electronic devices illustrated in FIGS. 76A to 76H
and FIGS. 77A to 77D can have a variety of functions, for
example, a function of displaying a lot of information (e.g.,
a still image, a moving image, and a text image) on a display
portion; a touch panel function; a function of displaying a
calendar, date, time, and the like; a function of controlling
processing with a lot of software (programs); a wireless
communication function; a function of being connected to a
variety of computer networks with a wireless communica-
tion function; a function of transmitting and receiving a lot
of data with a wireless communication function; a function
of reading a program or data stored in a memory medium
and displaying the program or data on a display portion.
Further, the electronic device including a plurality of display
portions can have a function of displaying image informa-
tion mainly on one display portion while displaying text
information on another display portion, a function of dis-
playing a three-dimensional image by displaying images
where parallax is considered on a plurality of display
portions, or the like. Furthermore, the electronic device
including an image receiving portion can have a function of
photographing a still image, a function of photographing a
moving image, a function of automatically or manually
correcting a photographed image, a function of storing a
photographed image in a memory medium (an external
memory medium or a memory medium incorporated in the
camera), a function of displaying a photographed image on
the display portion, or the like. Note that functions which
can be provided for the electronic devices illustrated in
FIGS. 76A to 76H and FIGS. 77A to 77D are not limited
them, and the electronic devices can have a variety of
functions.

The electronic devices in this embodiment each include a
display portion for displaying some kind of information.

Next, application examples of semiconductor devices are
described.

FIG. 77E illustrates an example in which a semiconductor
device is incorporated in a building structure. FIG. 77E
illustrates a housing 5022, a display portion 5023, a remote
controller 5024 which is an operation portion, a speaker
5025, and the like. The semiconductor device is incorpo-
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rated in the building structure as a wall-hanging type and can
be provided without requiring a large space.

FIG. 77F illustrates another example in which a semicon-
ductor device is incorporated in a building structure. A
display module 5026 is incorporated in a prefabricated bath
unit 5027, so that a bather can view the display module
5026.

Note that although this embodiment describes the wall
and the prefabricated bath unit as examples of the building
structures, this embodiment is not limited thereto. The
semiconductor devices can be provided in a variety of
building structures.

Next, examples in which semiconductor devices are
incorporated in moving objects are described.

FIG. 77G illustrates an example in which a semiconductor
device is incorporated in a car. A display module 5028 is
incorporated in a car body 5029 of the car and can display
information related to the operation of the car or information
input from inside or outside of the car on demand. Note that
the display module 5028 may have a navigation function.

FIG. 77H illustrates an example in which a semiconductor
device is incorporated in a passenger airplane. FIG. 77H
illustrates a usage pattern when a display module 5031 is
provided for a ceiling 5030 above a seat of the passenger
airplane. The display module 5031 is incorporated in the
ceiling 5030 through a hinge portion 5032, and a passenger
can view the display module 5031 by stretching of the hinge
portion 5032. The display module 5031 has a function of
displaying information by the operation of the passenger.

Note that although bodies of a car and an airplane are
illustrated as examples of moving objects in this embodi-
ment, this embodiment is not limited to them. The semicon-
ductor devices can be provided for a variety of objects such
as two-wheeled vehicles, four-wheeled vehicles (including
cars, buses, and the like), trains (including monorails, rail-
roads, and the like), and vessels.

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

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

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

This application is based on Japanese Patent Application
serial No. 2011-145262 filed with Japan Patent Office on
Jun. 30, 2011, the entire contents of which are hereby
incorporated by reference.

What is claimed is:
1. A display module comprising:
a display panel comprising:

a [semiconductor device] pixel comprising:

a first transistor;

a second transistor;

a third transistor;

a fourth transistor;

a fifth transistor;

a capacitor; and

a [load] light-emitting element; and
[a first line;

a second line; and

a third line; and]

at least one of flexible printed circuit and printed
circuit,

wherein:

one of a source and a drain of the first transistor is
electrically connected to [the first] a power supply
line;

one of a source and a drain of the second transistor is
electrically connected to the other of the source and
the drain of the first transistor;

the other of the source and the drain of the second
transistor is electrically connected to one of a source
and a drain of the third transistor and one of a source
and a drain of the fourth transistor;

a gate of the second transistor is electrically connected
to [one] a first electrode of the capacitor;

[the other] a second electrode of the capacitor is
[directly] electrically connected to the other of the
source and the drain of the fourth transistor [and a
first terminal of the load];

the second electrode of the capacitor is electrically
connected to the light-emitting element;

[the other electrode of the capacitor is not directly
connected to any other transistor other than the
fourth transistor;]

the other of the source and the drain of the third
transistor is electrically connected to [the second
line; and] a sigral line

[a second terminal of the load is electrically connected
to the third line]
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one of a source and a drain of the fifth transistor is
electrically connected to the gate of the second
transistor;
the other of the source and the drain of the fifth
transistor is electrically connected to the one of the
source and the drain of the first transistor;
the first transistor, the second transistor, the third
transistor, the fourth transistor and the fifth transis-
tor each have a channel length direction defined as
a direction of a shortest path between a source of the
transistor and a drain of the transistor, and
the first transistor, the second transistor, the third
transistor, the fourth transistor, and the fifih transis-
tor are configured such that the first transistor, the
second transistor, the third transistor, the fourth
transistor and the fifth transistor have a same chan-
nel length direction.
[2. The display module according to claim 1, further
comprising a fifth transistor, wherein:
the one of the source and the drain of the second transistor
is electrically connected to one of a source and a drain
of the fifth transistor; and
the gate of the second transistor is electrically connected
to the other of the source and the drain of the fifth
transistor.]
[3. The display module according to claim 1, wherein the
load is a display element having a rectification property.]
[4. The display module according to claim 1, wherein the
second line is a signal line.]
[5. The display module according to claim 1, wherein the
first line is a power supply line.]
[6. The display module according to claim 1, wherein the
third line is a cathode line.]
[7. A display device comprising the display module
according to claim 1.]
8. An electronic device comprising the display module
according to claim 1.
9. A display module comprising:
a display panel comprising:
a [semiconductor device] pixel comprising:
a first transistor;
a second transistor;
a third transistor;
a fourth transistor;
a fifth transistor;
a capacitor; and
a [load] light-emitting element; and
[a first line;
a second line; and
a third line; and]
at least one of flexible printed circuit and printed
circuit,
wherein:
one of a source and a drain of the first transistor is
electrically connected to the [first] power supply line;
one of a source and a drain of the second transistor is
electrically connected to the other of the source and
the drain of the first transistor;
the other of the source and the drain of the second
transistor is electrically connected to one of a source
and a drain of the third transistor and one of a source
and a drain of the fourth transistor;
a gate of the second transistor is electrically connected
to [one] a first electrode of the capacitor;
[the other] a second electrode of the capacitor is
[directly] electrically connected to the other of the
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source and the drain of the fourth transistor [and a
first terminal of the load];

the second electrode of the capacitor is electrically
connected to the light-emitting element;

[the other electrode of the capacitor is not directly
connected to any other transistor other than the
fourth transistor;]

the other of the source and the drain of the third
transistor is electrically connected to the [second]
signal line;

one of a source and a drain of the fifth transistor is
electrically connected to the gate of the second
transistor;

the other of the source and the drain of the fifth
transistor is electrically connected to the one of the
source and the drain of the first transistor; and

[a second terminal of the load is electrically connected
to the third line; and

each of the first transistor, the second transistor, the
third transistor and the fourth] the fifth transistor
[includes] comprises a channel formation region
[containing] comprising an oxide semiconductor.

[10. The display module according to claim 9, further
comprising a fifth transistor, wherein:
the one of the source and the drain of the second transistor
is electrically connected to one of a source and a drain
of the fifth transistor; and
the gate of the second transistor is electrically connected
to the other of the source and the drain of the fifth
transistor.]
[11. The display module according to claim 9, wherein the
load is a display element having a rectification property.]
[12. The display module according to claim 9, wherein the
second line is a signal line.]
[13. The display module according to claim 9, wherein the
first line is a power supply line.]
[14. The display module according to claim 9, wherein the
third line is a cathode line.]
[15. A display device comprising the display module
according to claim 9.]
16. An electronic device comprising the display module
according to claim 9.
17. A display module comprising:
a display panel comprising:
a pixel comprising:
a first transistor;
a second tramnsistor;
a third transistor;
a fourth transistor;
a fifth transistor;
a first capacitor;
a second capacitor; and
a light-emitting element; and

at least one of flexible printed circuit and printed
circuit,

wherein:

one of a source and a drain of the first transistor is
electrically connected to a power supply line;

one of a source and a drain of the second transistor is
electrically connected to the other of the source and
the drain of the first transistor;

the other of the source and the drain of the second
transistor is electrically connected to one of a source
and a drain of the third transistor and one of a
source and a drain of the fourth transistor;

a gate of the second transistor is electrically connected
to a first electrode of the first capacitor;
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a second electrode of the first capacitor is electrically
connected to the other of the source and the drain of
the fourth transistor;

the second electrode of the first capacitor is electrically
connected to the light-emitting element; 5

a first electrode of the second capacitor is electrically
connected to the second electrode of the first capaci-
tor,

the other of the source and the drain of the third
transistor is electrically connected to a signal line; 10

one of a source and a drain of the fifth transistor is
electrically connected to the gate of the second
transistor; and

the other of the source and the drain of the fifth
transistor is electrically connected to the one of the 15
source and the drain of the first transistor.

18. The display panel according to claim 17,
wherein a second electrode of the second capacitor is
electrically connected to a cathode line.
19. An electronic device comprising the display module 20
according to claim 17.
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