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(57) ABSTRACT

A semiconductor device having a normal function means is
provided, in which the amplitude of an output signal is
prevented from being decreased even when a digital circuit
using transistors having one conductivity is employed. By
turning OFF a diode-connected transistor 101, the gate
terminal of a first transistor 102 is brought into a floating
state. At this time, the first transistor 102 is ON and its
gate-source voltage is stored in a capacitor. Then, when a
potential at the source terminal of the first transistor 102 is
increased, a potential at the gate terminal of the first tran-
sistor 102 is increased as well by bootstrap effect. As a
result, the amplitude of an output signal is prevented from
being decreased.
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SEMICONDUCTOR DEVICE, AND DISPLAY
DEVICE AND ELECTRONIC DEVICE
UTILIZING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 17/120,373, filed Dec. 14, 2020, now allowed;
which is a continuation of U.S. application Ser. No. 16/525,
643, filed Jul. 30, 2019, now U.S. Pat. No. 10,867,576;
which is a continuation of U.S. application Ser. No. 16/178,
650, filed Nov. 2, 2018, now U.S. Pat. No. 10,373,581,
which is a continuation of U.S. application Ser. No. 15/880,
590, filed Jan. 26, 2018, now U.S. Pat. No. 10,121,448;
which is a continuation of U.S. application Ser. No. 15/582,
886, filed May 1, 2017, now U.S. Pat. No. 9,881,582; which
is a continuation of U.S. application Ser. No. 14/941,739,
filed Nov. 16, 2015, now U.S. Pat. No. 9,640,135; which is
a continuation of U.S. application Ser. No. 14/472,748, filed
Aug. 29, 2014, now U.S. Pat. No. 9,190,425; which is a
continuation of U.S. application Ser. No. 13/906,934, filed
May 31, 2013, now U.S. Pat. No. 8,823,620, which is a
continuation of U.S. application Ser. No. 13/277,301, filed
Oct. 20, 2011, now U.S. Pat. No. 8,456,402; which is a
continuation of U.S. application Ser. No. 12/849,885, filed
Aug. 4, 2010, now U.S. Pat. No. 8,044,906; which is a
continuation of U.S. application Ser. No. 11/675,122, filed
Feb. 15, 2007, now U.S. Pat. No. 7,786,985; which is a
continuation of U.S. application Ser. No. 10/740,840, filed
Dec. 22, 2003, now U.S. Pat. No. 7,202,863; which claims
the benefit of a foreign priority application filed in Japan as
Serial No. 2002-374098 on Dec. 25, 2002, all of which are
incorporated by reference.

INDUSTRIAL FIELD FOR THE INVENTION

[0002] The present invention relates to a configuration of
a digital circuit. More particularly, the invention relates to a
technology for amplifying an output signal even larger by
using a bootstrap circuit, and further to a display device, a
semiconductor device or an electronic device each using the
technology.

BACKGROUND ART

[0003] In recent years, display devices in which a semi-
conductor thin film is formed on an insulator such as a glass
substrate, in particular active matrix display devices using
thin film transistors (hereinafter referred to as TFTs), have
been in widespread use in various fields. An active matrix
display device using TFTs has several hundred thousand to
several million pixels arranged in matrix, and it displays
images by controlling the electric charge in each pixel by
using a TFT disposed in each pixel.

[0004] As a recent technology, the technology relating to
poly-silicon TFTs in which a driver circuit is simultaneously
formed in a peripheral region of a pixel portion in addition
to TFTs which constitute pixels, has been developed. This
technology contributes greatly to reducing devices in size
and electric power consumption. Display devices have thus
become indispensable devices to be used for display por-
tions of mobile information terminals and the like, applica-
tion fields of which are expanding at remarkable speed.
[0005] As the driver circuit of the display device, a CMOS
circuit in which an N-channel TFT and a P-channel TFT are
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combined is usually adopted. The CMOS circuit has advan-
tages in that it can suppress the consumed current in the
whole circuit and perform high speed driving since a current
flows only at an instant when logic is changed and a current
does not flow during a period in which a certain logic is held
(as there is only a minute leak current in practice).

[0006] As mobile electronic devices are reduced in size
and weight, demand for a display device using a self-light
emitting element and a liquid crystal element and the like
such as an organic EL element, an FED (Field Emission
Display), and an element used for a liquid crystal display is
rapidly increasing; however, from the viewpoint of the yield
and the like, it is difficult to reduce the manufacturing cost
to the level sufficiently low since the great many number of
TFTs are required. It is easily supposed that the demand is
further rapidly increased in future, and therefore, it is desired
that the display device can be supplied more inexpensively.
[0007] As a method of fabricating a driver circuit on an
insulator, there is a common method in which patterns of
active layers, wirings and the like are formed through
exposure treatment and etching with a plurality of photo-
masks. Since the number of manufacturing steps is a domi-
nant factor in determining the manufacturing cost, a manu-
facturing method using as small number of manufacturing
steps as possible is ideal for manufacturing driver circuits.
Thereupon, a driver circuit, which is conventionally config-
ured by the CMOS circuit, is configured by using TFTs
which have either N-channel type or P-channel type con-
ductivity. With this method, a part of an ion doping step can
be omitted, and the number of the photomasks can also be
reduced. Therefore, the cost reduction is achieved.

[0008] FIG. 9A shows an example of a TFT load-type
inverter circuit formed by using TFTs having only one
conductivity. The operation thereof is described below.
[0009] FIG. 9B shows the waveform of a signal input to
the inverter circuit. The input signal amplitude is between a
high potential side power supply VDD and a low potential
side power supply GND. It is assumed that GND=0 V for
simplicity.

[0010] The circuit operation is described now. To describe
the operation simply and explicitly, the threshold voltages of
N-channel type TFT which configure the circuit have no
variations and represented by (VthN) across the board, and
the threshold voltages of P-channel type TFTs are similarly
represented by a constant value (VthP).

[0011] When a signal as shown in FIG. 9B is input to the
inverter circuit and the input signal is an L signal (low
potential side power supply GND), an N-channel type TFT
904 is turned OFF. Meanwhile, a potential at an output
terminal is pulled up toward a high potential side power
supply VDD since a load TFT 903 operates in a saturated
region at all times. On the other hand, when the input signal
is an H signal (high potential side power supply VDD), the
N-channel type TFT 904 is turned ON. The potential at the
output node is pulled down toward the low potential side
power supply GND if the current capacity of the n-channel
type TFT 904 is set sufficiently larger than that of the load
TFT 903.

[0012] However, there is the following problem in this
case. FIG. 9C shows the waveform of the output from the
TFT load-type inverter circuit. When the input signal is at L
level, the potential at the output terminal is lower than VDD
by an amount denoted by 907, namely by a threshold voltage
of the load TFT 903 as shown in FIG. 9C. This is because
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few current flows in the load TFT 903 when the gate-source
voltage of the load TFT 903 is smaller than the threshold
voltage, thus the load TFT 903 is turned OFF. The source
terminal of the load TFT 903 is an output terminal and the
gate terminal thereof is connected to VDD here. Therefore,
the potential at the output terminal is lower than the potential
at the gate terminal by the threshold voltage. That is, the
potential at the output terminal can be increased to be
(VDD-VthN) at highest. Further, when the input signal is an
H signal, the potential at the output terminal is higher than
GND by an amount denoted by 908, depending on the ratio
of'the current capacities of the load TFT 903 to the n-channel
type TFT 904. To bring the output potential sufficiently close
to GND, it is necessary to sufficiently increase the current
capacity of the n-channel type TFT 904 relatively to that of
the load TFT 903.

[0013] That is, when using the above-described inverter
circuit formed by using TFTs having only one conductivity,
the amplitude of the output signal is attenuated relative to the
amplitude of the input signal.

[0014] Hereupon, several methods for avoiding the prob-
lem that the amplitude of an output signal is attenuated have
been studied (see Patent Documents 1 to 4 for example).
[0015] FIG. 33 shows a circuit diagram of an inverter
circuit shown in Patent Documents 1 and 2. The circuit
shown in FIG. 33 has the advantage that when the gate
terminal of a transistor 3302 is brought into a floating state,
a voltage at both terminals (potential difference between
both terminals) of a capacitor 3304 does not change.
[0016] The operation of FIG. 33 is described next. A pair
of signals inverted from each other is input to each of input
terminals 3305 and 3306. First, an H signal (high potential
side power supply VDD) is input to the input terminal 3306
and an L signal (low potential side power supply GND) is
input to the input terminal 3305. Then, a transistor 3303 is
turned ON and a potential at a terminal 3308 becomes equal
to the potential of the L signal (low potential side power
supply GND). Meanwhile, a transistor 3301 is turned ON as
the potential at the input terminal 3305 is equal to the
potential of the L signal (low potential side power supply
GND). As a result, a terminal 3307 becomes equal to the
potential of the L signal (low potential side power supply
GND). That is, the voltage at both terminals (potential
difference between both terminals) of the capacitor 3304
becomes equal to 0 V.

[0017] Next, when an H signal (high potential side power
supply VDD) is input to the input terminal 3305 and an L.
signal (low potential side power supply GND) is input to the
input terminal 3306, the transistor 3303 is turned OFF. Since
the potential at the input terminal 3305 is equal to the
potential of the H signal (high potential side power supply
VDD), the transistor 3301 is turned ON and thus the
potential at the terminal 3307 is increased. When the gate-
source voltage of the transistor 3302 becomes higher than
the threshold voltage, the transistor 3302 is turned ON, and
a potential at the terminal 3308 starts increasing. In such a
case, when the potential at the terminal 3307 keeps on
increasing, the transistor 3301 is turned OFF at the end. This
is because, as the terminal 3307 corresponds to the source
terminal of the transistor 3301, the gate-source voltage of the
transistor 3301 becomes smaller when the potential at the
terminal 3307 is increased, thus reaches the threshold volt-
age at the end. When the gate-source voltage of the transistor
3301 becomes equal to the threshold voltage, the transistor
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3301 is turned OFF. Therefore, the current flow from the
terminal 3305 to the terminal 3307 is cut off. That is, the
terminal 3307 is brought into a floating state. As a result, the
voltage at both terminals (potential difference between both
terminals) of the capacitor 3304 does not change any more.
[0018] In the case where the potential at the terminal 3308
still keeps on increasing at the point when the transistor 3301
is turned OFF, the transistor 3302 is ON. That is, the
gate-source voltage of the transistor 3302, namely the volt-
age at both terminals (potential difference between both
terminals) of the capacitor 3304 is larger than the threshold
voltage of the transistor 3302. Therefore, the potential at the
terminal 3308 is further increased. At this time, the potential
at the terminal 3307 is also increased. This is because, when
the potential at either terminal of the capacitor 3304 (the
terminal 3308) is increased, the potential at the other termi-
nal (the terminal 3307) is also increased since the voltage at
both terminals (potential difference between both terminals)
of the capacitor 3304 does not change any more. Thus, the
potential at the terminal 3308 keeps on increasing and
reaches the high potential side power supply VDD at the
end. While the potential at the terminal 3308 is increasing
until it reaches the high potential side power supply VDD,
the transistor 3302 is constantly ON. The capacitor 3304
holds the very voltage at which the transistor 3301 is turned
OFF. Therefore, the potential at the terminal 3307 is higher
than the high potential side power supply VDD by the
voltage which is stored in the capacitor 3304.

[0019] That is, the potentials at the terminals 3307 and
3308 are equal to or higher than the high potential side
power supply VDD. Thus, it can be prevented that the
amplitude of the output signal becomes smaller than that of
the input signal.

[0020] Such a circuit is generally referred to as a bootstrap
circuit.
[0021] [Patent Document 1] Japanese Patent Laid-Open

No. Hei 8-50790

[0022] [Patent Document 2] Japanese Patent No. 3330746
Specification

[0023] [Patent Document 3] Japanese Patent No. 3092506
Specification

[0024] [Patent Document 4| Japanese Patent Laid-Open
No. 2002-328643

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0025] However, there are two major problems in the
inverter circuit shown in FIG. 33.

[0026] The first problem is that when an H signal (high
potential side power supply VDD) is input to the input
terminal 3305 and an L signal (low potential side power
supply GND) is input to the input terminal 3306, the
potentials at the terminals 3307 and 3308 are not increased
sufficiently in the case where the transistor 3301 is turned
OFF late. If the transistor 3302 is turned OFF first, the
capacitor 3304 accumulates the threshold voltage of the
transistor 3302 as it is disposed between the gate and the
source of the transistor 3302. At this time, the potential at the
terminal 3307 is still on the increase since the transistor 3301
is ON. When the transistor 3301 is turned OFF, the threshold
voltage of the transistor 3302 is held in the capacitor, and the
transistor 3302 is turned OFF. Thus, the potentials at the
terminals 3308 and 3307 do not increase any more.
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[0027] The second problem is that when the potential of an
H signal input to the input terminal 3305 is lower than the
high potential side power supply VDD, the potentials at the
terminals 3307 and 3308 are not increased sufficiently. In the
case of employing the circuit as shown in FIG. 9A as the
circuit for outputting a signal to the input terminal 3305, the
potential of the H signal may be lower than the high
potential side power supply VDD. Hereupon, suppose the
case where the difference between the potential of the H
signal and the high potential side power supply VDD is
higher than the threshold voltage of the transistor 3301. In
such a case, the transistor 3301 is not turned OFF even if the
potential increase at the terminal 3307 terminates when the
H signal is input to the input terminal 3305 and the L signal
(low potential side power supply GND) is input to the input
terminal 3306. That is, the terminal 3307 is not brought into
a floating state, and the electric charge is kept on being
supplied from the terminal 3305 to the terminal 3307.
Therefore, the potentials at the terminals 3305 and 3307 are
maintained to be equal to each other. Thus, operation such
as the one in which the voltage at both terminals (potential
difference between both terminals) of the capacitor 3304
does not change is not brought on. As a result, the potentials
at the terminals 3307 and 3308 are not increased sufficiently.

[0028] When connecting the output terminal of the
inverter circuit as described above to another inverter circuit
of the similar configuration, the signal amplitude of the
output terminal becomes even lower. That is, as the larger
number of circuits is connected to the output terminal of the
inverter circuit, the amplitude of the output signal becomes
smaller. Thus the normal circuit operation is not achieved.

[0029] On the other hand, according to the inverter circuit
shown in Patent Document 4, the aforementioned second
problem is solved. FIG. 34 shows an inverter circuit shown
in Patent Document 4. When an H signal which is lower than
the high potential side power supply VDD is input to an
input terminal 3405, and an L signal (low potential side
power supply GND) is input to an input terminal 3406, a
potential at a terminal 3407 is increased. When the gate-
source voltage of a transistor 3401 becomes equal to the
threshold voltage, the transistor 3401 is turned OFF. That is,
the terminal 3407 is brought into a floating state. Thus, a
voltage at both terminals (potential difference between both
terminals) of a capacitor 3404 at this time is stored. There-
fore, if a transistor 3402 is ON at the point when the
transistor 3401 is turned OFF, a potential at a terminal 3408
keeps on increasing, and the potential at the terminal 3407
is also increased as a result.

[0030] However, the first problem mentioned above is not
solved even when using the circuit shown in FIG. 34.

[0031] In view of the foregoing problem, it is an object of
the invention to provide a semiconductor device in which
the amplitude of an output signal does not easily become
smaller. It is another object of the invention to provide a
semiconductor device in which a circuit can be configured
by using transistors having only one conductivity.

[0032] Itis to be noted that a semiconductor device means
a device which includes a circuit having a semiconductor
element (transistor and diode), a capacitor, a resistor and the
like. It is needless to mention that the invention is not limited
to these eclements.
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Means for Solving the Problem

[0033] The present invention uses the following means to
solve the aforementioned problems.

[0034] A semiconductor device according to the invention
includes first to third transistors and first and second input
terminals, wherein the source terminal of the first transistor
is connected to the drain terminal of the second transistor,
the drain terminal of the third transistor is connected to the
gate terminal of the first transistor, the first input terminal is
connected to the gate terminal of the third transistor and the
gate terminal of the second transistor, and the second input
terminal is connected to the gate terminal of the first
transistor through a rectifying element.

[0035] In addition, according to the above configuration of
the semiconductor device of the invention, the rectifying
element is a diode-connected transistor.

[0036] That is, according to the invention, the rectifying
element such as a diode-connected transistor is connected to
a signal input portion.

[0037] By turning OFF the diode-connected transistor, the
gate terminal of the first transistor is brought into a floating
state. At this time, the first transistor is ON, and its gate-
source voltage is stored in a capacitor (gate capacitance of
the transistor). Subsequently, when a potential at the source
terminal of the first transistor is increased, a potential at the
gate terminal of the first transistor is increased as well due
to bootstrap effect. As a result, the amplitude of an output
signal is prevented from being decreased.

[0038] In addition, according to the above configuration of
the semiconductor device of the invention, the third transis-
tor is connected in series to a second rectifying element.
[0039] In addition, according to the above configuration of
the semiconductor device of the invention, the second rec-
tifying element is a diode-connected transistor.

[0040] That is, the second rectifying element such as a
diode-connected transistor is connected to the gate terminal
portion of the first transistor.

[0041] By turning OFF the diode-connected transistor as
the second rectifying element, a potential at the gate terminal
of the first transistor is prevented from dropping to a large
degree. As a result, the amplitude of an output signal is
prevented from being decreased.

[0042] In addition, according to the above configuration of
the semiconductor device of the invention, the diode-con-
nected transistor and the first transistor have the same
conductivity.

[0043] That is, by adopting transistors having the same
conductivity for both the first transistor and the diode-
connected transistor, all the transistors configuring the cir-
cuit can have the same conductivity. As a result, cost
reduction can be achieved.

[0044] In addition, according to the above configuration of
the semiconductor device of the invention, the diode-con-
nected transistor as the second rectifying element and the
first transistor have the same conductivity.

[0045] That is, by adopting transistors having the same
conductivity for both the first transistor and the diode-
connected transistor as the second rectifying element, the
threshold voltage of each transistor can be set roughly the
same. Since the threshold voltage of the first transistor is
almost equal to that of the diode-connected transistor as the
second rectifying element, it is prevented that current leaks
when the first transistor is required to be turned OFF.
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[0046] In addition, according to the above configuration of
the semiconductor device of the invention, a capacitor is
provided, one of which is connected to the gate terminal of
the first transistor and the other terminal thereof is connected
to the source terminal of the first transistor.

[0047] It is to be noted that the transistor of the invention
may be formed by any types of material, means and manu-
facturing method, and any types of transistor can be
employed. For example, it may be a thin film transistor
(TFT). Among TFTs, a TFT having an amorphous, poly
crystalline or single crystalline semiconductor layer may be
adopted. As an alternative transistor, a transistor formed on
a single crystalline substrate, an SOI substrate, a plastic
substrate or a glass substrate may be adopted. Further, a
transistor formed of an organic material or a carbon nano-
tube may be adopted as well. A MOS type transistor or a
bipolar transistor may also be employed.

[0048] It is to be noted that according to the invention,
connection means an electrical connection. Therefore, other
elements or circuits and the like may be interposed between
the shown elements.

[0049] According to the configuration of the invention,
either terminal of a capacitor configuring a bootstrap circuit
is easily brought into a floating state. As a result, the
amplitude of an output signal is prevented from being
decreased. In addition, even when the amplitude of an input
signal is small, either terminal of the capacitor configuring
the bootstrap circuit can be brought into a floating state.
Therefore, the amplitude of an output signal is prevented
from being decreased. Further, as the circuit can be config-
ured by using transistors of only one conductivity, the
manufacturing cost can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 is a diagram showing the configuration of a
circuit in the case of applying the invention to an inverter
circuit;

[0051] FIG. 2 is a diagram showing the configuration of a
circuit in the case of applying the invention to an inverter
circuit;

[0052] FIG. 3 is a diagram showing a symbol expressing
an inverter circuit to which the invention is applied;
[0053] FIG. 4 is a diagram showing the configuration of a
circuit in the case of applying the invention to an inverter
circuit;

[0054] FIG. 5 is a diagram showing the configuration of a
circuit in the case of applying the invention to an inverter
circuit;

[0055] FIG. 6 is a diagram showing the configuration of a
circuit in the case of applying the invention to an inverter
circuit;

[0056] FIG. 7 is a diagram showing the configuration of a
circuit in the case of applying the invention to an inverter
circuit;

[0057] FIG. 8 is a diagram showing the configuration of a
circuit in the case of applying the invention to an inverter
circuit;

[0058] FIG. 9A to 9C are diagrams showing the configu-
ration and operations of a conventional inverter circuit;
[0059] FIG. 10 is a diagram showing the configuration of
a circuit in the case of applying the invention to a clocked
inverter circuit;

[0060] FIG. 11 is a diagram showing a symbol expressing
a clocked inverter circuit;
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[0061] FIG. 12 is a diagram showing the configuration of
a circuit in the case of applying the invention to a NAND
circuit;

[0062] FIG. 13 is a diagram showing a symbol expressing
a NAND circuit to which the invention is applied;

[0063] FIG. 14 is a diagram showing the configuration of
a circuit in the case of applying the invention to a NOR
circuit;

[0064] FIG. 15 is a diagram showing the configuration of
a circuit in the case of applying the invention to a transfer
gate circuit;

[0065] FIG. 16 is a diagram showing the configuration of
a circuit in the case of applying the invention to an inverter
circuit;

[0066] FIG. 17 is a diagram showing the configuration of
a circuit in the case of applying the invention to a clocked
inverter circuit;

[0067] FIG. 18 is a diagram showing the configuration of
a circuit in the case of applying the invention to a NAND
circuit;

[0068] FIG. 19 is a diagram showing the configuration of
a circuit in the case of applying the invention to a NOR
circuit;

[0069] FIG. 20 is a diagram showing the configuration of
a circuit in the case of applying the invention to a transfer
gate circuit;

[0070] FIG. 21 a diagram showing the configuration of a
circuit in the case of applying the invention to an inverter
circuit;

[0071] FIG. 22 is a diagram showing a symbol expressing
an inverter circuit to which the invention is applied;
[0072] FIG. 23 is a diagram showing the configuration of
a circuit in the case of applying the invention to a clocked
inverter circuit;

[0073] FIG. 24 is a diagram showing a symbol expressing
a clocked inverter circuit to which the invention is applied;
[0074] FIG. 25 is a diagram showing the configuration of
a circuit in the case of applying the invention to a NAND
circuit;

[0075] FIG. 26 is a diagram showing a symbol expressing
a NAND circuit to which the invention is applied;

[0076] FIG. 27 is a diagram showing the configuration of
a circuit in the case of applying the invention to an inverter
circuit;

[0077] FIG. 28 is a diagram showing the configuration of
a display device of the invention;

[0078] FIG. 29 is a diagram showing the configuration of
a circuit in the case of applying the invention to a DFF
circuit;

[0079] FIG. 30 is a diagram showing the configuration of
a circuit in the case of applying the invention to a DFF
circuit;

[0080] FIG. 31 is a diagram showing the configuration of
a circuit in the case of applying the invention to a shift
register;

[0081] FIGS. 32 A to 32H are diagrams showing elec-
tronic devices to which the invention is applied;

[0082] FIG. 33 is a diagram showing the configuration of
a conventional inverter circuit;

[0083] FIG. 34 is a diagram showing the configuration of
a conventional inverter circuit.
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EMBODIMENT MODES OF THE INVENTION

[0084] The circuit configuration of a semiconductor
device of the invention will be hereinafter described.

Embodiment Mode 1

[0085] First, described in this embodiment mode is an
inverter circuit for dealing with the second problem as
described in the section of the problems to be solved by the
invention. That is, described here is the inverter circuit for
dealing with the problem that a potential at a certain terminal
are not increased sufficiently in the case where a potential of
an H signal which is input to an input terminal is lower than
a high potential side power supply VDD.

[0086] FIG. 2 shows an inverter circuit in which potentials
at terminals 107 and 108 can be increased sufficiently even
when a potential of an H signal which is input to an input
terminal 105 is lower than a high potential side power supply
VDD. The input terminal 105 is connected to the gate
terminal of a transistor 102 through a diode-connected
transistor 101. Since the transistor 101 is diode connected,
its gate terminal is connected to the input terminal 105.
Therefore, current can flow in the direction from the termi-
nal 105 to the terminal 107 while not in the direction from
the terminal 107 to the terminal 105. In addition, a capacitor
104 is connected between the gate terminal and the source
terminal of the transistor 102. The drain terminal of a
transistor 103 is connected to the source terminal of the
transistor 102, and the gate terminal of the transistor 103 is
connected to an input terminal 106. The gate terminal of a
transistor 109 is connected to the input terminal 106, and the
drain terminal thereof is connected to the gate terminal of the
transistor 102.

[0087] It is to be noted that although the source terminal
of the transistor 109 and the source terminal of the transistor
103 are connected to a low potential side power supply
GND, the invention is not limited to this. Each source
terminal may be connected to a wiring of a different poten-
tial, or a pulse signal may be input to the terminal.

[0088] Also, although the input terminal 106 is connected
to the gate terminal of the transistor 109 and the gate
terminal of the transistor 103, the invention is not limited to
this. Each gate terminal may be connected to a different
input terminal.

[0089] In addition, although the drain terminal of the
transistor 102 is connected to the high potential side power
supply VDD, the invention is not limited to this. It may be
connected to a wiring of a different potential or a pulse
signal may be input to it.

[0090] The operation of FIG. 2 is described now. A pair of
signals inverted from each other is input to each of the input
terminals 105 and 106. However, it is also possible to
operate the circuit without inputting an inverted signal at all
times. First, an H signal (high potential side power supply
VDD) is input to the input terminal 106, and an L signal (low
potential side power supply GND) is input to the input
terminal 105. Then, the transistors 109 and 103 are turned
ON. As a result, a potential at the terminal 108 becomes
equal to GND. Since a potential at the terminal 107 becomes
equal to GND, the transistor 102 is turned OFF. In addition,
since the terminals 105 and 107 have the same potential, the
transistor 101 is turned OFF. Also, a voltage at both termi-
nals (potential difference between both terminals) of the
capacitor 104 becomes equal to 0 V.
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[0091] Next, an H signal (high potential side power supply
VDD) is input to the input terminal 105 and an L signal (low
potential side power supply GND) is input to the input
terminal 106. Then, the transistors 109 and 103 are turned
OFF. Since a potential at the input terminal 105 is equal to
the potential of the H signal (high potential side power
supply VDD), the transistor 101 is turned ON and the
potential at the terminal 107 is increased. When the gate-
source voltage of the transistor 102 becomes larger than the
threshold voltage, the transistor 102 is turned ON and, the
potential at the terminal 108 starts increasing. In such a case,
as the potential at the terminal 107 keeps on increasing, the
transistor 101 is turned OFF at the end. This is because,
since the terminal 107 corresponds to the source terminal of
the transistor 101, the gate-source voltage (drain-source
voltage) of the transistor 101 drops when the potential at the
terminal 107 is increased, thus it reaches the threshold
voltage at the end. When the gate-source voltage of the
transistor 101 becomes equal to the threshold voltage, the
transistor 101 is turned OFF. Therefore, the current flow
from the terminal 105 to the terminal 107 is cut off. That is,
the terminal 107 is brought into a floating state. As a result,
the voltage at both terminals (potential difference between
both terminals) of the capacitor 104 does not change any-
more.

[0092] If the potential at the terminal 108 is still on the
increase at the point when the transistor 101 is turned OFF,
the transistor 102 is ON. That is, the gate-source voltage of
the transistor 102, namely the voltage at both terminals
(potential difference between both terminals) of the capaci-
tor 104 is larger than the threshold voltage of the transistor
102. Thus, the potential at the terminal 108 further keeps on
increasing. At this time, the potential at the terminal 107 is
increased as well. This is because, since the voltage at both
terminals (potential difference between both terminals) of
the capacitor 104 does not change anymore, when a potential
at either terminal (the terminal 108) of the capacitor 104 is
increased, the other terminal thereof (the terminal 107) is
also increased. The potential at the terminal 108 further
keeps on increasing, and it reaches the high potential side
power supply VDD at the end. Until the potential at the
terminal 108 reaches the high potential side power supply
VDD, the transistor 102 is constantly ON. The capacitor 104
stores the very voltage at the point when the transistor 101
is turned OFF. Therefore, the potential at the terminal 107 is
higher than the high potential side power supply VDD by the
voltage which is stored in the capacitor 3304.

[0093] That is, each of the potentials at the terminals 107
and 108 is equal to or more than the high potential side
power supply VDD. Therefore, a problem such that the
amplitude of an output signal becomes smaller than that of
an input signal can be prevented.

[0094] As described above, the signal which is input to the
terminal 106 is inverted in the terminals 107 and 108. Thus,
in the inverter circuit shown in FIG. 2, the input terminal
corresponds to the terminal 106, and the output terminal
corresponds to the terminal 107 or 108. The terminal 105
may be input with an inverted signal of the signal at the
terminal 106. Therefore, the terminal 105 may be included
in the input terminals.

[0095] Whether to output a signal to the terminal 107 or to
the terminal 108 may be determined by the size of input
impedance of a circuit which is connected next to the
inverter circuit. That is, the terminal 107 is required to be in
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a floating state depending on the operating condition. There-
fore, the terminal 107 cannot be connected to a circuit
having low input impedance. However, the potential at the
terminal 107 can be set higher than VDD when an H signal
is input to it. Meanwhile, the terminal 108 can be connected
to a circuit of which input impedance is not low since the
terminal 108 does not need to be in a floating state. However,
when an H signal is input to the terminal 108, the potential
at the terminal 108 does not become higher than VDD. As
described above, since each terminal has differences,
whether to output a signal to the terminal 107 or the terminal
108 may be determined appropriately.

[0096] FIG. 3 shows a symbol 301 representing the
inverter circuit shown in FIG. 2. An input terminal 303
corresponds to the terminal 106 and an input terminal 304
corresponds to the terminal 105. An output terminal 302
corresponds to the terminal 108 or the terminal 107. A pair
of signals inverted from each other is input to each of the
terminal 303 and the terminal 304. Taking account of its
operation as an inverter circuit, a signal which is input to the
terminal 303 is inverted and output to the output terminal
302. Thus, the terminal 303 corresponds to the input termi-
nal in an inverter circuit.

[0097] Described herein is the case where the potential of
an H signal which is input to the input terminal 105 is lower
than the high potential side power supply VDD. Suppose the
case in which the difference between the potential of an H
signal which is input to the input terminal 105 and the high
potential side power supply VDD is higher than the thresh-
old voltage of the transistor 101. Even in such a case, when
an H signal is input to the input terminal 105 and an L. signal
(a low potential side power supply GND) is input to the
input terminal 106, the potential at the terminal 107 is
increased and the gate-source voltage of the transistor 101
reaches the threshold voltage, and then, the transistor 101 is
turned OFF, thus the terminal 107 is brought into a floating
state. Therefore, if the transistor 102 is ON at the point when
the transistor 101 is turned OFF, the gate-source voltage of
the transistor 102 is held in the capacitor 104. Therefore, the
potentials at the terminals 108 and 107 are increased suffi-
ciently.

[0098] As described above, even a general CMOS circuit
in which the conductivity of P-channel type transistors is
inverted can operate normally by using the transistors 101
and 109, the capacitor 104 and the like. This can be applied
to various circuits as well as an inverter circuit.

[0099] It is to be noted that although the drain terminal of
the transistor 102 in FIG. 2 is connected to a wiring having
the potential VDD, the invention is not limited to this. The
potential at the drain terminal of the transistor 102 may be
changed depending on the condition. For example, it may be
input with a pulse signal. Similarly, although each of the
source terminals of the transistors 103 and 109 is connected
to a wiring having the potential GND, the invention is not
limited to this. Each of the potentials at the source terminals
of the transistors 103 and 109 may be changed depending on
the condition, and it may be input with a different potential
or a signal.

[0100] For example, the drain terminal of the transistor
102 may be connected to the input terminal 105 of the
transistor 102 as shown in FIG. 4. In this case also, when an
H signal (high potential side power supply VDD) is input to
the input terminal 106 and an L signal (low potential side
power supply GND) is input to the input terminal 105, the
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potential at the output terminal 108 becomes equal to GND,
and when an L signal (low potential side power supply
GND) is input to the input terminal 106 and an H signal
(high potential side power supply VDD) is input to the input
terminal 105, the potential at the output terminal 108
becomes equal to VDD. Thus, the circuit operates normally.
[0101] Alternatively, when a pulse signal is input to the
drain terminal of the transistor 102, a shift register, a latch
circuit, or a part of them can be configured.

[0102] It is to be noted that although the N-channel
transistors are employed in FIG. 2, the invention is not
limited to this. P-channel transistors may be employed to
configure the circuit, or a CMOS circuit may be employed
as well. When adopting P-channel transistors for all of the
transistors in the circuit shown in FIG. 2, the potentials of
VDD and GND may be replaced with each other.

[0103] Although the transistor 101 shown in FIG. 2 has the
same conductivity as the transistor 102 and the like, the
invention is not limited to this. Any element having recti-
fication may be adopted. For example, instead of the tran-
sistor 101, a PN junction diode, a PIN junction diode, or a
Schottky diode and the like may be adopted. Alternatively,
as shown in FIG. 5, a diode-connected transistor 101P whose
conductivity is opposite to the transistor 102 and the like
may be adopted as well.

[0104] In addition, the capacitor 104 may be omitted. That
is, it can be substituted with the gate capacitance of the
transistor 102. As for the gate capacitance of the transistor
102, it may be formed in an overlapped region of the gate
electrode with a source region, a drain region, an LDD
region and the like, or formed between the gate electrode
and a channel region.

Embodiment Mode 2

[0105] In Embodiment Mode 1, the inverter circuit for
dealing with the second problem described in the section of
the problems to be solved by the invention is described.
Described in this embodiment mode is an inverter circuit for
dealing with the first problem described therein.

[0106] Now, a factor of the first problem is analyzed with
reference to the circuit in FIG. 33 again. When an H signal
(high potential side power supply VDD) is input to the input
terminal 3306 and an L signal (low potential side power
supply GND) is input to the input terminal 3305, the
potential at the terminal 3307 becomes equal to the potential
of'the L signal (low potential side power supply GND). That
is, the voltage at both ends (potential difference between
both ends) of the capacitor 3304 becomes equal to 0 V.
[0107] Next, when an H signal (high potential side power
supply VDD) is input to the input terminal 3305 and an L.
signal (low potential side power supply GND) is input to the
input terminal 3306, the potential at the terminal 3307 starts
increasing from GND (0 V). Then, when the potential at the
terminal 3307 becomes equal to (VDD-VthN) which is
lower than VDD by the threshold voltage, it is brought into
a floating state. That is, such amount of the potential
difference is required to be increased. Therefore, the corre-
sponding charge time has to be provided. This causes the
delay of the terminal 3307 to be in the floating state.
[0108] Hereupon, according to the invention, the circuit
operates without decreasing the potential at the terminal
3307 (or a terminal corresponding to this) down to GND (0
V). However, when a transistor is required to be turned OFF,
the potential at the terminal drops to the vicinity of the
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threshold voltage. As a result, not 0 V but the threshold
voltage is stored in the capacitor. Thus, a potential does not
have to be increased by a large amount since electric charge
is already held in the capacitor. Therefore, the charge time is
reduced, thus the time required for bringing the terminal into
the floating state is reduced as well.

[0109] Based on the principle as described above, the
circuit is configured to deal with the first problem.

[0110] In this embodiment mode, the first problem is
solved by modifying the circuit described in Embodiment
Mode 1. Therefore, the first and second problems can be
solved at the same time. Thus, the detailed description of the
basic configuration and operation is omitted herein as it is
the same as in Embodiment Mode 1.

[0111] FIG. 1 shows a circuit diagram in which the circuit
in FIG. 2 is modified to solve both of the first and second
problems. In FIG. 1, a transistor 110 which is diode con-
nected (whose gate terminal and drain terminal are con-
nected to each other) is connected in series to the transistor
109 to solve the second problem described in the section of
the problems to be solved by the invention. It is to be noted
that although the transistor 110 is connected to the drain
terminal side of the transistor 109, the invention is not
limited to this. For example, the transistor 110 may be
connected to the source terminal side of the transistor 109 as
shown in FIG. 6.

[0112] By disposing the diode-connected transistor 110 as
shown in FIG. 1, it becomes possible to prevent the potential
at the terminal 107 from being lower than the threshold
voltage. That is, the voltage at both terminals (potential
difference between both ends) of the capacitor 104 can be set
to be not equal to 0V, but equal to or more than the threshold
voltage.

[0113] The operation thereof is described now in brief.
First, when an H signal (high potential side power supply
VDD) is input to the input terminal 106 and an L signal (low
potential side power supply GND) is input to the input
terminal 105, the transistors 109 and 103 are turned ON. As
a result, the potential at the terminal 108 becomes equal to
GND. On the other hand, the potential at the terminal 107
becomes equal to the threshold voltage of the transistor 110
since the transistor 101 is OFF, and the transistor 110 is
turned OFF when the source-drain voltage of the transistor
110 becomes equal to the threshold voltage as the gate
terminal and the drain terminal of the transistor 110 are
connected to each other. The voltage at both terminals
(potential difference between both terminals) of the capaci-
tor 104 also becomes equal to the threshold voltage as the
potential at the terminal 107 is equal to the threshold
voltage. Therefore, when the threshold voltage of the tran-
sistor 110 is equal to that of the transistor 102, the transistor
102 is turned OFF.

[0114] Next, when an H signal (high potential side power
supply VDD) is input to the input terminal 105 and an L.
signal (low potential side power supply GND) is input to the
input terminal 106, the transistors 109 and 103 are turned
OFF. Since the potential at the input terminal 105 has the
potential of the H signal (high potential side power supply
VDD), the transistor 101 is turned ON and the potential at
the terminal 107 is thus increased. The potential at the
terminal 107 starts increasing from the threshold voltage in
FIG. 1, whereas it starts increasing from GND (0 V) in FIG.
2. Thus, the potential at the terminal 107 is increased
instantly. As a result, the transistor 101 is instantly turned
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OFF, and thus the terminal 107 is brought into the floating
state. At this point, the transistor 102 is ON since the
potential at the terminal 108 is still on the increase. There-
fore, the problem that the potentials at the terminals 108 and
107 are not increased sufficiently can be solved.

[0115] Due to the transistor 110, the potential change at the
terminal 107 can be suppressed small, thus the potential can
change instantly. This contributes to the faster circuit opera-
tion.

[0116] By adopting such a configuration, the first and
second problems described in the section of the problems to
be solved by the invention can be solved at the same time.

[0117] Itis to be noted although N-channel type transistors
are employed in FIGS. 1 and 6, the invention is not limited
to this. When employing P-channel type transistors for all of
the transistors in the circuits in FIGS. 1 and 6, the potentials
of VDD and GND may be replaced with each other. FIG. 7
shows a circuit diagram in the case where all the transistors
in the circuit in FIG. 1 are P-channel transistors.

[0118] Itis also to be noted that although the transistor 110
in FIGS. 1 and 6 has the same conductivity as the transistor
102 and the like, the invention is not limited to this. Any
element having rectification can be adopted. For example,
instead of the transistor 110, a PN junction diode, a PIN
junction diode, a Schottky diode, a diode-connected tran-
sistor having the opposite conductivity to that of the tran-
sistor 102 and the like may be adopted. That is, the potential
at the terminal 107 has only to be prevented from dropping
to a certain level.

[0119] However, it is desirable that the transistors 110 and
102 have the same conductivity and the same threshold
voltage in rough. This is because in the case where the
threshold voltage of the transistor 110 is different from that
of the transistor 102, the transistor 102 may be turned ON
when an H signal (high potential side power supply VDD)
is input to the input terminal 105 and an L signal (low
potential side power supply GND) is input to the input
terminal 106. Thus, characteristics of the transistors 110 and
102 are desirably set to be uniform by disposing them
adjacently to each other and the like. In the case of crystal-
lizing their semiconductor layers by laser irradiation for
example, the transistors 110 and 102 are desirably irradiated
with the same shot. However, the threshold voltages of the
transistors 110 and 102 may have some small variations as
long as they have no influence on the operation.

[0120] It is to be noted that described in this embodiment
is the modified example of the circuit shown in Embodiment
Mode 1. Thus, the description of Embodiment Mode 1 can
be applied to this embodiment as well.

Embodiment Mode 3

[0121] Described in this embodiment mode is the inverter
circuit for dealing with the first and second problems
described in the section of the problems to be solved by the
invention, which is obtained by modifying the circuit
described in Embodiment Mode 1. In this embodiment
mode, an inverter circuit for dealing with the first problem
is described by modifying the circuit in FIG. 34.

[0122] FIG. 8 shows a modified inverter circuit of FIG. 34.
A diode-connected transistor 801 is connected in series to a
transistor 3409. It is to be noted that although the transistor
801 is disposed between the drain terminal of the transistor
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3409 and the terminal 3407, the invention is not limited to
this. For example, it may be connected to the source terminal
side of the transistor 3409.

[0123] As described above, by disposing the transistor
801, the potential at the terminal 3407 is prevented from
dropping to a large degree. Therefore, the potential at the
terminal 3407 is increased quickly. As a result, the transistor
3401 is instantly turned OFF, thus the terminal 3407 is
brought into the floating state. At this point, the transistor
3402 is ON as the potential at the terminal 3408 is still on
the increase. Therefore, it becomes possible to deal with the
problem that the potentials at the terminals 3408 and 3407
are not increased sufficiently.

[0124] Due to the transistor 801, the potential change at
the terminal 3407 can be suppressed, thus the potential can
change instantly. This contributes to the faster circuit opera-
tion.

[0125] By the configuration as described above, both of
the first and second problems described in the section of the
problems to be solved by the invention can be solved at the
same time.

[0126] It is to be noted that although N-channel type
transistors are employed in FIG. 8, the invention is not
limited to this. P-channel type transistors may be employed
to configure the circuit, or a CMOS type circuit may be
employed as well. When adopting P-channel type transistors
for all of the transistors in the circuit shown in FIG. 8, the
potentials of VDD and GND may be replaced with each
other.

[0127] It is to be noted that although the transistor 801
shown in FIG. 8 has the same conductivity as the transistor
3402 and the like, the invention is not limited to this. Any
element having rectification may be adopted. For example,
instead of the transistor 801, a PN junction diode, a PIN
junction diode, a Schottky diode, a diode-connected tran-
sistor having the opposite conductivity to that of the tran-
sistor 3402 and the like may be adopted. That is, the
potential at the terminal 3407 has only to be prevented from
dropping to a certain level.

[0128] However, it is desirable that the transistors 801 and
3402 have the same conductivity and the same threshold
voltage in rough. This is because in the case where the
threshold voltage of the transistor 801 is different from that
of the transistor 3402, the transistor 3402 may be turned ON
when an H signal (high potential side power supply VDD)
is input to the input terminal 3405 and an L signal (low
potential side power supply GND) is input to the input
terminal 3406. Thus, characteristics of the transistors 801
and 3402 are desirably set to be uniform by disposing them
adjacent to each other and the like. In the case of crystal-
lizing their semiconductor layers by laser irradiation for
example, the transistors 801 and 3402 are desirably irradi-
ated with the same shot. However, the threshold voltages of
the transistors 801 and 3402 may have some small variations
as long as they have no influence on the operation.

Embodiment Mode 4

[0129] Described in Embodiment Modes 1 to 3 is the case
of applying the invention to the inverter circuit. In this
embodiment, the case where the invention is applied to a
circuit other than the inverter circuit is described.

[0130] FIG. 10 shows the configuration of a clocked
inverter circuit to which the invention is applied. The circuit
shown in FIG. 10 is configured by extending the inverter
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circuit shown in FIG. 2. However, it is also possible to
configure a clocked inverter circuit by extending the alter-
native circuit shown in any one of Embodiment Modes 1 to
3.

[0131] In FIG. 10, transistors 1002B and 1003B control
whether or not to output a signal to an output terminal of the
clocked inverter circuit. Generally, ON/OFF is controlled in
synchronism with a clock signal, a sampling pulse signal and
the like. Thus, the transistors 1002B and 1003B are simul-
taneously turned ON/OFF in synchronism with a signal
input to an input terminal 1005B. On the other hand,
transistors 1002 and 1003 invert an input signal which is
input to an input terminal 1005 so as to be output to an
output terminal 1010.

[0132] As shown in FIG. 10, the amplitude of an output
signal is prevented from being decreased by using transistors
1001, 1009, 1001B and 1009B, capacitors 1004 and 1004B
and the like to P-channel transistors in the case of config-
uring a CMOS type clocked inverter. Although the gate
terminal of the transistor 1003B is connected to the input
terminal 1005B in FIG. 10, the invention is not limited to
this. The gate terminal of the transistor 1003B may be
connected to a terminal 1007B.

[0133] Alternatively, a diode-connected transistor may be
connected in series to the transistors 1009, 1009B and the
like as in FIG. 1. It is also possible to configure a clocked
inverter by extending the inverter circuit shown in FIG. 8 by
changing the connection of the transistors 1001 and 1001B
to that of the transistor 3401 shown in FIG. 8.

[0134] The operation of the circuit in FIG. 10 is the same
as those described in Embodiment Modes 1 to 3, therefore,
it is omitted herein.

[0135] Hereupon, a symbol 1101 representing the clocked
inverter of this embodiment mode is shown in FIG. 11. A
terminal 1105 corresponds to the terminal 1005B and a
terminal 1106 corresponds to the terminal 1006B. A pair of
signals inverted from each other is input to each of the
terminals 1105 and 1106. When an H signal is input to the
terminal 1105, the signal is output to an output terminal
1102. An input terminal 1103 corresponds to the terminal
1006 and an input terminal 1104 corresponds to the terminal
1005. Taking account of this circuit as a clocked inverter
circuit, a signal input to the input terminal 1103 is inverted
and output to the output terminal 1102. Therefore, the
terminal 1103 corresponds to an input terminal of the
clocked inverter circuit. A pair of signals inverted from each
other is input to each of the terminals 1103 and 1104.
[0136] FIG. 12 shows the configuration of a NAND circuit
to which the invention is applied. The circuit shown in FIG.
12 is configured by extending the inverter circuit shown in
FIG. 2. However, it is also possible to configure a NAND
circuit by extending the alternative circuit shown in any one
of Embodiment Mode 1 to 3.

[0137] In FIG. 12, the amplitude of an output signal is
prevented from being decreased by using transistors 1201,
1209, 1201B and 1209B, capacitors 1204 and 1204B and the
like to P-channel type transistors, namely to transistors 1202
and 1202B in the case of configuring a CMOS type NAND
circuit. As for N-channel type transistors in the case of
configuring a CMOS NAND circuit, namely transistors
1203 and 1203B are used without any modifications.
[0138] Alternatively, a diode-connected transistor may be
connected in series to the transistors 1209 and 1209B and the
like. It is also possible to configure a NAND circuit by
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extending the inverter circuit in FIG. 8 by changing each
configuration of the transistors 1201 and 1201B to that of the
transistor 3401 in FIG. 8.

[0139] The operation of the circuit in FIG. 12 is the same
as those described in Embodiment Modes 1 to 3, therefore,
it is omitted herein.

[0140] Hereupon, a symbol 1301 representing the NAND
circuit of this embodiment mode is shown in FIG. 13. An
input terminal 1303 corresponds to the terminal 1206 and an
input terminal 1305 corresponds to the terminal 1206B. An
input terminal 1304 corresponds to the terminal 1205 and an
input terminal 1306 corresponds to the terminal 1205B. A
pair of signals inverted from each other is input to each of
the terminals 1303 and 1304, and a pair of signals inverted
from each other is input to each of the terminals 1305 and
1306. An output terminal 1302 corresponds to the terminal
1201. Taking account of the logic operation of this circuit as
a NAND circuit, each of the terminals 1303 and 1305
corresponds to an input terminal of a NAND circuit.
[0141] FIG. 14 shows the configuration of a NOR circuit
to which the invention is applied. The circuit shown in FIG.
14 is configured by extending the inverter circuit shown in
FIG. 2. However, it is also possible to configure a NOR
circuit by using the alternative circuit shown in any one of
Embodiment Modes 1 to 3.

[0142] In FIG. 14 also, the amplitude of an output signal
is prevented from being decreased by using transistors 1401,
1409, 1401B and 1409B, capacitors 1404 and 1404B and the
like to P-channel type transistors, namely to transistors 1402
and 1402B in the case of configuring a CMOS type NOR
circuit. As for N-channel type transistors in the case of
configuring a CMOS type NOR circuit, namely transistors
1403 and 1403B are used without any modifications.
[0143] Alternatively, a diode-connected transistor may be
connected in series to the transistors 1409, 1409B and the
like. It is also possible to configure a NOR circuit by
extending the inverter circuit in FIG. 8 by changing the
connection of the transistors 1401 and 1401B to that of the
transistor 3401 in FIG. 8.

[0144] The operation of the circuit in FIG. 14 is the same
as those described in Embodiment Modes 1 to 3, therefore,
it is omitted herein.

[0145] FIG. 15 shows the configuration of a transfer gate
circuit (analog switch circuit) to which the invention is
applied. The circuit in FIG. 15 is configured by extending
the inverter circuit shown in FIG. 2. However, it is also
possible to configure a transfer gate circuit by extending the
alternative circuit shown in any one of Embodiment Modes
1 to 3.

[0146] In the case of FIG. 15, which potential at the
terminal 1510 or 1511 becomes higher is dependent on the
condition. Thus, it is not clear which terminal corresponds to
the source terminal. Thus, in FIG. 15, a transistor 1502 and
a transistor 1502B are disposed in parallel to each other, and
a capacitor 1504 and a capacitor 1504B are disposed in a
different connection. Therefore, the potentials at the gate
terminals of the transistors 1502 and 1502B can be increased
sufficiently regardless of which potential at the terminal
1510 or 1511 is lower.

[0147] Thus, in the case of a CMOS type transfer gate
circuit, the amplitude of an output signal is prevented from
being decreased by using transistors 1501, 1509, 1501B and
1509B, capacitors 1504 and 1504B and the like to both
P-channel type and N-channel type transistors, not only to
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P-channel type transistors. In this manner, by connecting a
diode-connected transistor, a capacitor and the like to a
transistor in which the amplitude of an output signal is
decreased, a normal circuit operation is achieved.

[0148] Alternatively, a diode-connected transistor may be
connected in series to the transistors 1509, 1509B and the
like as in FIG. 1. It is also possible to configure a transfer
gate circuit by extending the inverter circuit in FIG. 8 by
changing the connection of the transistors 1501 and 1501B
to that of the transistor 3401 in FIG. 8.

[0149] The operation of the circuit in FIG. 15 is the same
as those described in Embodiment Modes 1 to 3, therefore,
it is omitted herein.

[0150] Although N-channel type transistors are employed
in FIGS. 10, 12, 14 and 15, the invention is not limited to
them. When employing P-channel transistors for all the
transistors in the circuits shown in FIGS. 10, 12, 14 and 15,
the potentials of VDD and GND may be replaced with each
other.

[0151] Various circuits such as a NAND circuit to which
the invention is applied have heretofore been described in
this embodiment mode; however, the application of the
invention is not limited to them. It can be applied to other
various circuits.

[0152] It is to be noted that described in this embodiment
mode are the extended circuits of the ones described in
Embodiments 1 to 3. Therefore, the description of Embodi-
ment Modes 1 to 3 can all be applied to this embodiment
mode.

Embodiment Mode 5

[0153] In Embodiment Mode 1, it is described that not
only the terminal 108 but also the terminal 107 may be
employed as an output terminal of the inverter circuit in FIG.
2. According to the present embodiment mode, various
circuit configurations are described by utilizing an output of
the output terminal 107. That is, described here is the case
in which various circuits are operated by operating an
inverter circuit which outputs a signal from the terminal 108
as a level correction circuit.

[0154] First, FIG. 16 shows an inverter circuit to which the
invention is applied. In FIG. 16, the inverter circuit shown
in FIG. 1is used as a level correction circuit and the terminal
107 is used as an output terminal so as to be connected to an
input terminal of another circuit (inverter circuit here). The
circuit (inverter circuit here) is operated normally by using
a signal output from a level correction circuit 1601.
[0155] Input terminals 1603 and 1604 of the level correc-
tion circuit 1601 are connected to the terminals 105 and 106
respectively. An output terminal 1605 of the level correction
circuit 1601 is connected to the terminal 107 and an output
terminal 1606 is connected to the terminal 106.

[0156] A pair of signals inverted from each other is input
to each of the input terminals 1603 and 1604. Then, the
signal from the input terminal 1604 is directly output to the
output terminal 1606, while a signal from the input terminal
1603 is output to the output terminal 1605 after its potential
is adjusted. Specifically, in the case of an H signal, the higher
potential is output.

[0157] Thus, in the case of configuring a CMOS type
inverter circuit, the amplitude of an output signal is pre-
vented from being decreased by connecting a P-channel type
transistor to the output terminal 1605.



US 2022/0122562 Al

[0158] In FIG. 16, the output terminal 1605 of the level
correction circuit 1601 is connected to the gate terminal of
a transistor 1608 and the output terminal 1606 is connected
to the gate terminal of a transistor 1609. As a result, a signal
is output to an output terminal 1607 without being reduced
of its amplitude.

[0159] As described above, in the case of configuring a
CMOS type circuit, a signal from the output terminal 1605
is input to the gate terminal of a P-channel type transistor. As
a result, a normal circuit operation is achieved.

[0160] The configuration of the level correction circuit is
not limited to that shown in FIG. 16. The circuits described
in any one of Embodiment Modes 1 to 3 can be used
arbitrarily.

[0161] When representing the circuit in FIG. 16 by the
symbol 301 shown in FIG. 3, the terminal 1604 corresponds
to the terminal 303, the terminal 1603 corresponds to the
terminal 304 and the terminal 1607 corresponds to the
terminal 302.

[0162] Similarly, FIG. 17 shows the configuration of a
clocked inverter to which the invention is applied. Transis-
tors 1702 and 1705 are simultaneously turned ON/OFF by
using a level correction circuit 1601C and transistors 1703
and 1704 are controlled by using a level correction circuit
1601A.

[0163] Since the gate terminals of the transistors 1702 and
1703 may be supplied with high potentials, the amplitude of
an output signal is prevented from being decreased.

[0164] When representing the circuit in FIG. 17 by the
symbol 1101 showing the clocked inverter circuit in FIG. 11,
a terminal 1604A corresponds to the terminal 1103, a
terminal 1603A corresponds to the terminal 1104 and a
terminal 1604C corresponds to the terminal 1106. In addi-
tion, a terminal 1603C corresponds to the terminal 1105 and
a terminal 1706 corresponds to the terminal 1102.

[0165] Similarly, FIG. 18 shows the configuration of a
NAND circuit to which the invention is applied. Transistors
1802 and 1805 are controlled by using a level correction
circuit 1601B and transistors 1803 and 1804 are controlled
by using the level correction circuit 1601A.

[0166] Since the gate terminals of the transistors 1802 and
1803 can be supplied with high potentials, the amplitude of
an output signal is prevented from being decreased.

[0167] When representing the circuit in FIG. 18 by the
symbol 1301 showing the NAND circuit in FIG. 13, the
terminal 1604A corresponds to the terminal 1303 and the
terminal 1603A corresponds to the terminal 1304 and a
terminal 1604B corresponds to the terminal 1105. In addi-
tion, a terminal 1603B corresponds to the terminal 1306 and
a terminal 1806 corresponds to the terminal 1302.

[0168] Similarly, FIG. 19 shows the configuration of a
NOR circuit to which the invention is applied. Transistors
1902 and 1905 are controlled by using the level correction
circuit 1601B and transistors 1903 and 1904 are controlled
by using the level correction circuit 1601A.

[0169] Since the gate terminals of the transistors 1902 and
1903 can be supplied with high potentials, the amplitude of
an output signal of the output terminal 1906 is prevented
from being decreased.

[0170] Similarly, the configuration of a transfer gate cir-
cuit to which the invention is applied is shown in FIG. 20.
A transistor 2003 is controlled by using the level correction
circuit 1601A.
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[0171] Since the gate terminal of the transistor 2002 can
be supplied with a high potential, the amplitude of a signal
from input/output terminals 2003 and 2004 is prevented
from being decreased.

[0172] Described heretofore is the case of disposing one
output terminal as shown in FIGS. 16 to 20. However, when
connecting another circuit next to the circuit, an inverted
signal is frequently required. Hereupon, examples of dis-
posing two output terminals and outputting an inverted
signal are described below.

[0173] FIG. 21 shows the configuration of an inverter to
which the invention is applied. One inverter circuit includes
transistors 2103 and 2104 while another inverter circuit
includes transistors 2103B and 2104B. When a pair of
signals inverted from each other is input to each of the
inverter circuits, a pair of signals inverted from each other
can be output.

[0174] However, each of the gate terminals of the transis-
tors 2103 and 2103B is required to be input with a potential
which is higher than VDD. Further, each of the gate termi-
nals of the transistors 2103 and 2103B is required to be input
with a pair of signals inverted from each other. Thus, the two
level correction circuits 1601A and 1601B are required.
[0175] FIG. 22 shows a symbol 2201 representing the
circuit in FIG. 21. A signal input to an input terminal 2203
is inverted and output to an output terminal 2202. An
inverted signal of the signal at the input terminal 2203 is
input to an input terminal 2204, and an inverted signal of the
signal at the output terminal 2202 is output to an output
terminal 2207. Therefore, the terminal 1604 A corresponds to
the terminal 2203 and the terminal 1603 A corresponds to the
terminal 2204. In addition, the terminal 2106 corresponds to
the terminal 2202 and a terminal 2106B corresponds to the
terminal 2207.

[0176] Similarly, FIG. 23 shows the configuration of a
clocked inverter to which the invention is applied. One
clocked inverter circuit includes transistors 2302, 2303,
2304 and 2305 while another clocked inverter circuit
includes transistors 2302B, 2303B, 2304B and 2305B.
When each of the clocked inverter circuits is input with a
pair of signals inverted from each other, a pair of signals
inverted from each other can be output.

[0177] However, each of the gate terminals of the transis-
tors 2303 and 2303B is required to be input with a potential
which is higher than VDD. Further, each of the gate termi-
nals of the transistors 2303 and 2303B is required to be input
with a pair of signals inverted from each other. Thus, the two
level correction circuits 1601A and 1601B are required.
[0178] In addition, each of the gate terminals of the
transistors 2302 and 2302B is required to be input with a
potential which is higher than VDD. However, the gate
terminals of the transistors 2302 and 2302B may be input
with the same signal. Thus, the one level correction circuit
1601C is required.

[0179] FIG. 24 shows a symbol 2401 representing the
circuit in FIG. 23. When an H signal is input to a terminal
2405, a signal from an input terminal 2403 is inverted and
output to an output terminal 2402. An inverted signal of the
signal at the input terminal 2403 is input to an input terminal
2404, an inverted signal of the signal at the input terminal
2405 is input to an input terminal 2406 and an inverted
signal of the signal at the output terminal 2402 is output to
an output terminal 2407. Therefore, the terminal 1603C
corresponds to the terminal 2405, the terminal 1604C cor-
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responds to the terminal 2406 and the terminal 1604A
corresponds to a terminal 2403. In addition, the terminal
1603 A corresponds to the terminal 2404, the terminal 2306
corresponds to the terminal 2402 and a terminal 23068
corresponds to the terminal 2407.

[0180] Similarly, FIG. 25 shows the configuration of a
NAND circuit to which the invention is applied. One NAND
circuit includes transistors 2502, 2503, 2504 and 2505 while
another NAND circuit includes transistors 2502B, 2503B,
25048 and 2505B. When each of the NAND circuits is input
with a pair of signals inverted from each other, a pair of
signals inverted from each other can be output. However,
each of the gate terminals of the transistors 2502, 2503,
2502B and 2503B is required to be input with a potential
which is higher than VDD. Further, each of the gate termi-
nals of the transistors 2502 and 2502B or each of the gate
terminals of the transistors 2503 and 2503B is required to be
input with a pair of signals inverted from each other. Thus,
the four level correction circuits 1601A, 16018, 1601D and
1601E are required.

[0181] FIG. 26 shows a symbol 2601 representing the
circuit in FIG. 25. Signals from input terminals 2603 and
2605 are output to an output terminal 2602. An inverted
signal of the signal at the input terminal 2603 is input to an
input terminal 2604, an inverted signal of the signal at the
input terminal 2605 is input to an input terminal 2606 and an
inverted signal of the signal at the output terminal 2602 is
input to an output terminal 2607. The terminal 1604B
corresponds to the terminal 2603, the terminal 1604 A cor-
responds to the terminal 2605 and the terminal 1603B
corresponds to the terminal 2604. In addition, the terminal
1603 A corresponds to the terminal 2606, the terminal 2506
corresponds to the terminal 2602 and a terminal 25068
corresponds to the terminal 2607.

[0182] Similarly, the invention can be applied to a NOR
circuit.
[0183] It is to be noted that although a level correction

circuit is employed in this embodiment mode to control the
potential level, the invention is not limited to this. The
circuit may be operated by directly inputting a signal having
a large amplitude. For example, the terminal 1605C in FIGS.
17 and 23 may be input with a signal having a large
amplitude without using the level correction circuit 1601C,
specifically, such as a signal whose potential at H level is
higher than VDD. Similarly, a signal having a large ampli-
tude may be directly input to the terminals 1605A, 1606A,
1605B and 1606B in FIGS. 17 and 23 without using the level
correction circuits 1601A and 1601B.

[0184] It is also to be noted that although a signal is input
to a circuit to be operated after controlling a potential level
by using a level correction circuit in this embodiment mode,
the invention is not limited to this. Conversely, it is also
possible to operate a circuit first, and then control its
potential level. FIG. 27 shows the configuration of an
inverter circuit to which the invention is applied. Two pairs
of inverter circuits are configured by using transistors 2708,
2709, 2710 and 2711. This is because an inverted signal is
also required in a level correction circuit 2701 in the
subsequent stage. Signals are input from an input terminal
2703 and an input terminal 2704 for inputting the inverted
signal, and output to an output terminal 2707 after the levels
are controlled in the level correction circuit 2701. The
invention can be applied to alternative circuits as well as an
inverter.
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[0185] As described above, the invention can be applied to
various circuits such as a clocked inverter circuit and a
NAND circuit described in the present embodiment mode;
however, the invention is not limited to them. It can be
applied to various alternative circuits.

[0186] The things using the circuits explained in Embodi-
ment Modes 1 to 4 are described in this embodiment mode.
Therefore, the description in Embodiment Modes 1 to 4 can
be also applied to this embodiment mode, and with the
circuit configurations, a semiconductor device with accurate
operation can be manufactured at low cost.

Embodiment 1

[0187] Described in this embodiment is the configuration
and operation of a display device, a signal line driver circuit
and the like. The circuit configurations described in Embodi-
ment Modes 1 to 5 can be applied to a part of a signal line
driver circuit or a part of a gate line driver circuit.

[0188] Referring to FIG. 28, a display device includes
pixels 2801, a gate line driver circuit 2802 and a signal line
driver circuit 2810. The gate line driver circuit 2802 sequen-
tially outputs selection signals to the pixels 2801 and the
signal line driver circuit 2810 sequentially outputs video
signals to the pixels 2801. In the pixels 2801, an image is
displayed by controlling the state of light according to the
video signals. Voltage is frequently employed as a video
signal input from the signal line driver circuit 2810 to the
pixels 2801. That is, the states of a display element disposed
in the pixel and an element for controlling the display
element are changed according to a video signal (voltage)
input from the signal line driver circuit 2810 in many cases.
Occasionally, current is input to the pixels 2801 as a video
signal. As examples of the display element disposed in each
pixel, liquid crystal (LCD), organic EL, an element for an
FED (field emission display), a DMD (digital mirror device)
or the like can be employed.

[0189] It is to be noted that the number of the gate line
driver circuit 2802 and the signal line driver circuit 2810
may be more than one.

[0190] The configuration of the signal line driver circuit
2810 may be divided into a plurality of units. For example,
it is roughly divided into a shift register 2803, a first latch
circuit (LAT1) 2804, a second latch circuit (LAT 2) 2805, a
digital-to-analog converter circuit 2806 and the like.
[0191] The operation of the signal line driver circuit 2810
is described in brief now. The shift register 2803 includes a
plurality of lines of flip flop circuits (FF), latch circuits and
the like, and a clock signal (S-CLK) 2812, a start pulse (SP)
2813 and a clock inverted signal (S-CLKb) 2811 are input
thereto. According to the timing of these signals, sampling
pulses are sequentially output.

[0192] A sampling pulse output from the shift register
2803 is input to the first latch circuit 2804. The first latch
circuit 2804 is input with a video signal from a video signal
line 2808, and according to the timing at which the sampling
pulse is input, the video signal is held in the first latch circuit
2804 in each line. In the case of disposing the digital-to-
analog converter circuit 2806, the video signals are digital
values.

[0193] When the video signal storage is completed up to
the last line in the first latch circuit 2804, a latch pulse (Latch
Pulse) is input from a latch control line 2809 during a
horizontal fry-back period, and the video signals held in the
first latch circuit 2804 are transferred to the second latch



US 2022/0122562 Al

circuit 2805 all at once. Then, one row of the video signals
held in the second latch circuit 2805 are input to the
digital-to-analog converter circuit 2806 all at one. Signals
output from the digital-to-analog converter circuit 2806 are
then input to the pixels 2801.

[0194] While the video signals held in the second latch
circuit 2805 are input to the pixels 2801 through various
circuits, the shift register 2803 outputs sampling pulses
again. That is, two operations are performed at the same
time. Therefore, a line sequential drive is enabled. In this
manner, such operations are repeated.

[0195] It is to be noted that when the first latch circuit
2804 and the second latch circuit 2805 are capable of storing
an analog value, the digital-to-analog converter circuit 2806
can be omitted in many cases. Meanwhile, when the data
output to the pixels 2801 has a binary value, namely a digital
value, the digital-to-analog converter circuit 2806 can be
omitted in many cases. The signal line driver circuit 2810
incorporates a level shift circuit, a gamma-correction circuit,
a voltage-to-current converter circuit, an amplifier circuit
and the like in some cases.

[0196] In addition, it is possible to omit the first latch
circuit 2804 and the second latch circuit 2805, and connect
the video signal line 2808 to the pixels 2801 through a
transfer gate circuit (analog switch circuit). In that case, the
transfer gate circuit is controlled by a sampling pulse output
from the shift register 2803.

[0197] As described above, the configuration of the signal
line driver circuit 2810 is not limited to the one shown in
FIG. 28, and various configurations can be employed.

[0198] On the other hand, since the gate line driver circuit
2802 just outputs selection signals to the pixels 2801
sequentially in many cases, it may include a shift register, a
level shifter circuit, an amplifier circuit and the like having
the similar configuration as that of the shift register 2803 in
the signal line driver circuit 2810. However, the configura-
tion of the gate line driver circuit 2802 is not limited to this
and various configurations can be employed.

[0199] The circuit configurations shown in Embodiment
Modes 1 to 5 can be applied to various circuit parts such as
the shift register of the signal line driver circuit 2810 and the
gate line driver circuit 2802, or the first latch circuit (LAT1)
2804 and the second latch circuit 2805 of the signal line
driver circuit 2810.

[0200] Referring now to FIGS. 29 and 30, a DFF circuit
(delay flip flop circuit) used in the shift register, the first
latch circuit (LAT1) 2804 and the second latch circuit 2805
is described.

[0201] Ina DFF circuit 2901 shown in FIG. 29, a signal is
input to an input terminal 2904 and the circuit operation is
controlled according to a synchronizing signal input to
terminals 2906 and 2907. Then, the signal is output to an
output terminal 2902. Each of terminals 2904 and 2905 is
input with a pair of signals inverted from each other, and
similarly, each of the terminals 2906 and 2907 is input with
a pair of signals inverted from each other. As for an output,
each of terminals 2902 and 2903 outputs a pair of signals
inverted from each other. Similarly, in a DFF circuit 3001
shown in FIG. 30, signals are transmitted between terminals
300 to 3007.

[0202] In FIG. 29, a circuit for outputting an inverted
signal is disposed. On the other hand, in FIG. 30, a circuit
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for outputting no inverted signal is disposed. Therefore, each
circuit part is disposed in parallel to each other for gener-
ating an inverted signal.

[0203] FIG. 31 shows a part of a shift register which is
configured with DFF circuits and the like. It includes DFF
circuits 2901 A to 2901D. The circuit shown in FIG. 29 or in
FIG. 30 may be used as each DFF circuit. A clock signal
(S-CLK) 2812 and a clock inverted signal (S-CLKb) are
input to the parts corresponding to the terminals 2906 and
2907 (or the terminals 3006 and 3007), and, in synchronism
with these signals, the shift register is operated.

[0204] When configuring the first latch circuit (LAT1)
2804 by using DFF circuits and the like, a sampling pulse
which is output from the shift register is input to the parts
corresponding to the terminals 2906 and 2907 (or the
terminals 3006 and 3007). In addition, when configuring the
second latch circuit (LAT2) 2805 by using DFF circuits and
the like, a latch pulse (Latch Pulse) is input to the parts
corresponding to the terminals 2906 and 2907 (or the
terminals 3006 and 3007) from the latch control line 2809.
[0205] In the case of employing the circuit shown in FIG.
17 or FIG. 23 as a clocked inverter circuit in the DFF circuit
of the shift register, and setting the signal amplitude of the
clock signal (S-CLK) 2812 and the clock inverted signal
(S-CLKDb) larger than that of the power supply voltage, the
level correction circuit 1601C in FIG. 17, FIG. 23 and the
like can be omitted.

[0206] Similarly, in the case of employing the circuit
shown in FIG. 17 or FIG. 23 as a clocked inverter circuit in
the DFF circuit of the first latch circuit (LAT1) 2804 or the
second latch circuit (LAT2) 2805, and setting the signal
amplitude of the video signal input from the video signal line
2808 and the latch pulse (Latch Pulse) input from the latch
control line 2809 larger than that of the power supply
voltage, some of the level correction circuits in FIG. 17,
FIG. 23 and the like can be omitted.

[0207] It is to be noted that any types of transistor can be
used for the transistor in the invention and it may be formed
on any types of substrate. Accordingly, it is possible to form
the whole circuit shown in FIG. 28 on a glass substrate, a
plastic substrate, a single crystal substrate, an SOI substrate
or the like. Alternatively, a part of the circuit shown in FIG.
28 may be formed on a certain substrate and another part of
the circuit shown in FIG. 28 may be formed on another
substrate. That is, not all part of the circuit shown in FIG. 28
is necessarily formed on the same substrate. For example, in
FIG. 28, it is possible that the pixels 2801 and the gate line
driver circuit 2802 are formed with TFTs on a glass substrate
and the signal line driver circuit 2810 (or part of it) is formed
on a single crystal substrate, thereby connecting the IC chip
onto the glass substrate by COG (Chip On Glass). In place
of COG, TAB (Tape Auto Bonding), a printed substrate and
the like may be used as well.

[0208] As described above, a semiconductor device hav-
ing the circuit configurations described in Embodiment
Modes 1 to 5 can be applied to a display device.

Embodiment 2

[0209] Electronic devices, using the semiconductor device
of the invention, include a video camera, a digital camera, a
goggle type display (head mounted display), a navigation
system, a sound reproducing device (a car audio equipment,
an audio component stereo and the like), a laptop personal
computer, a game machine, a portable information terminal



US 2022/0122562 Al

(a mobile computer, a cellular phone, a portable game
machine, an electronic book and the like), an image repro-
ducing device including a recording medium (more specifi-
cally, an apparatus which can reproduce a recording medium
such as a digital versatile disc (DVD) and so forth, and
includes a display for displaying the reproduced image) or
the like. Specific examples of these electronic devices are
shown in FIG. 32.

[0210] FIG. 32A shows a light emitting device, which
includes a housing 13001, a support base 13002, a display
portion 13003, a speaker portion 13004, a video input
terminal 13005 and the like. The display device using the
semiconductor device of the invention can be applied to the
display portion 13003. According to the invention, the light
emitting device as shown in FIG. 32A is completed. Since a
light emitting device emits light by itself; it requires no back
light and thus a thinner display portion than a liquid crystal
display is obtained. Note that, the light emitting device
includes all the information display devices for personal
computers, television broadcast reception, advertisement
displays and the like.

[0211] FIG. 32B shows a digital still camera, which
includes a main body 13101, a display portion 13102, an
image receiving portion 13103, operating keys 13104, an
external connection port 13105, a shutter 13106 and the like.
The display device using the semiconductor device of the
invention can be applied to the display portion 13102.
According to the invention, the digital still camera as shown
in FIG. 32B is completed.

[0212] FIG. 32C shows a laptop personal computer, which
includes a main body 13201, a housing 13202, a display
portion 13203, a keyboard 13204, an external connection
port 13205, a pointing mouse 13206 and the like. The
display device using the semiconductor device of the inven-
tion can be applied to the display portion 13203. According
to the invention, the light emitting device a shown in FIG.
32C is completed.

[0213] FIG. 32D shows a mobile computer, which
includes a main body 13301, a display portion 13302, a
switch 13303, operating keys 13304, an infrared port 13305
and the like. The display device using the semiconductor
device of the invention can be applied to the display portion
13302. According to the invention, the mobile computer as
shown in FIG. 32D is completed.

[0214] FIG. 32E shows a portable image reproducing
device provided with a recording medium (specifically, a
DVD playback device), which includes a main body 13401,
a housing 13402, a display portion A13403, a display
portion B13404, a recording medium (such as a DVD)
read-in portion 13405, operating keys 13406, a speaker
portion 13407 and the like. The display portion A13403
mainly displays image data and the display portion B13404
mainly displays text data. The display device using the
semiconductor device of the invention can be applied to the
display portions A13403 and B13404. Note that the image
reproducing device provided with a recording medium
includes a game machine for domestic use and the like.
According to the invention, the DVD playback device
shown in FIG. 32E is completed.

[0215] FIG. 32F shows a goggle type display (head
mounted display), which includes a main body 13501, a
display portion 13502, and an arm portion 13503. The
semiconductor device of the invention can be applied to the
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display portion 13502. According to the invention, the
goggle type display as shown in FIG. 32F is completed.
[0216] FIG. 32G shows a video camera, which includes a
main body 13601, a display portion 13602, a housing 13603,
an external connection port 13604, a remote control receiv-
ing portion 13605, an image receiving portion 13606, a
battery 13607, an audio input portion 13608, operating keys
13609 and the like. The display device using the semicon-
ductor device of the invention can be applied to the display
portion 13602. According to the invention, the video camera
as shown in FIG. 32G is completed.

[0217] FIG. 32H shows a cellular phone, which includes a
main body 13701, a housing 13702, a display portion 13703,
an audio input portion 13704, an audio output portion
13705, an operating keys 13706, an external connection port
13707, an antenna 13708 and the like. The display device
using the semiconductor device of the invention can be
applied to the display portion 13703. Note that, by display-
ing white characters on a black background of the display
portion 13703, the consumption current of the cellular phone
can be suppressed. According to the invention, the cellular
phone as shown in FIG. 32H is completed.

[0218] Ifthe higher luminance of a light emitting material
becomes available in the future, the semiconductor device of
the invention will be applicable to a front type or a rear type
projector in which light including output image data is
enlarged by lenses or the like.

[0219] The above-described electronic devices are more
likely to be used for displaying data that is transmitted
through telecommunication paths such as Internet or a
CATV (cable television), in particular for displaying moving
image data. Since a light emitting material exhibits high
response speed, a light emitting device is suitably used for
a moving image display.

[0220] In addition, since a light emitting device consumes
power in its light emitting portion, it is desirable that data is
displayed so that the light emitting portion occupies as small
space as possible. Therefore, in the case of using a light
emitting device in a display portion that mainly displays text
data such as a cellular phone and a sound reproducing
device, it is desirable to drive the device so that text data is
displayed with light emitting parts on a non-emitting back-
ground. As described above, an application range of the
invention is so wide that the invention can be applied to
electronic devices in various fields. The electronic devices in
this embodiment may include a display device using a
semiconductor device having any one of configurations
shown in the foregoing Embodiment Modes 1 to 5.

1. A semiconductor device comprising a first transistor, a
second transistor, a third transistor, a first input terminal, and
a second input terminal, said semiconductor device charac-
terized in that:

a source terminal of the first transistor is connected to a

drain terminal of the second transistor,

a drain terminal of the third transistor is connected to a

gate terminal of the first transistor,

the first input terminal is connected to a gate terminal of

the third transistor and a gate terminal of the second
transistor, and

the second input terminal is connected to the gate terminal

of the first transistor through a rectifying element.
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