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DESCRIPTION

DRIVER CIRCUIT, DISPLAY DEVICE INCLUDING THE DRIVER CIRCUIT,

AND ELECTRONIC DEVICE INCLUDING THE DISPLAYDEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a driver circuit (also referred to as a shift register

circuit). The present invention also relates to a display device including a driver circuit

formed over the same substrate as a pixel portion, and an electronic device including the

display device.

BACKGROUND ART

[0002]

With the spread of large display devices such as liquid crystal televisions, display

devices have needed higher added value and developed. In particular, a technique for

forming a driver circuit such as a scan line driver circuit over the same substrate as a pixel

portion with the use of a thin film transistor (TFT) whose channel region is formed using

an amorphous semiconductor (especially, an oxide semiconductor) has actively developed.

[0003]

A thin film transistor whose channel region is formed using an amorphous

semiconductor is often used for a driver circuit formed using only n-channel transistors or

p-channel transistors. For example, a structure disclosed in Reference 1 can be given.

[Reference]

[0004]

[Reference 1] Japanese Published Patent Application No. 2005-251348



DISCLOSURE OF INVENTION

[0005]

When a thin film transistor whose channel region is formed using an amorphous

semiconductor is used for a driver circuit formed using only n-channel transistors or

p-channel transistors, malfunctions might occur due to variation in the threshold voltage or

the like. Specific problems caused by variation in the threshold voltage are described in

detail with reference to FIGS. 11A and 11B.

[0006]

A circuit which is formed using only n-channel transistors or p-channel transistors

and is illustrated in FIG 11A is a first stage of a pulse output circuit included in a shift

register disclosed in FIG 1 in Reference 1 as an example. The circuit illustrated in FIG

11A includes a transistor Trll, a transistor Trl2, a transistor Trl3, a transistor Trl4, a

transistor Trl5, a transistor Trl6, and a capacitor CA. In FIG. 11A, a node of a gate

terminal of the transistor Trl2 is denoted by NA; a node of a gate terminal of the transistor

Trl3 is denoted by NB; and a node of an output terminal is denoted by NC. In addition,

in FIG 11A, a first clock signal CK1 is input to the transistor Trl2; a second clock signal

C 2 is input to the transistor Trl4; a start pulse V is input to the transistor Trll and the

transistor Trl5; and a low power supply potential V ) is supplied to the transistor Trl3, the

transistor Trl5, and the transistor Trl6. Further, in FIG 11A, a signal GS_(1) is a signal

of the first stage of the pulse output circuit. A timing chart illustrated in FIG 11B is a

timing chart of the circuit illustrated in FIG 11A, which corresponds to a timing chart

disclosed in FIG 2 in Reference 1. Elements in FIG 11A operate in accordance with

signals in FIG 11B.

[0007]

In order that an output signal be a signal having a high power supply potential

(also referred to as an H-level signal), the node NA in FIG. 11A is periodically in an

electrically floating state and is supplied with a predetermined potential. In FIG 11B,



dotted lines of NA indicate periods during which the node NA is in a floating state, and

solid lines of NA indicate periods during which the node NA is supplied with a

predetermined potential. Similarly, in order that an output signal be kept as a signal

having a low power supply potential (also referred to as an L-level signal), the node NB in

FIG 11A is periodically in an electrically floating state and is supplied with a

predetermined potential. In FIG 11B, dotted lines of NB indicate periods during which

the node NB is in a floating state, and solid lines of NB indicate periods during which the

node NB is supplied with a predetermined potential.

[0008]

As described above, when a thin film transistor whose channel region is formed

using an amorphous semiconductor is used for a driver circuit formed using only n-channel

transistors or p-channel transistors, the transistor might be an enhancement (also referred to

as normally-off) transistor or a depletion (also referred to as normally-on) transistor due to

variation in the threshold voltage. The normally-on transistor has a problem in that an

output signal cannot be kept as an H-level signal because a potential of the node NA is

lowered due to leakage current from the transistor Trl6 especially in a periods in FIG 11B.

Similarly, the normally-on transistor has a problem in that an output signal cannot be kept

as an L-level signal even when a gate potential is at an L level because a potential of the

node NB is lowered due to leakage current from the transistor Trl5 especially in a period B

in FIG 11B. Further, when a potential supplied to each terminal is adjusted in order to

prevent the transistor from being normally on, there is a problem in that desired operation

cannot be performed when the transistor is normally off.

[0009]

Note that in the case of a driver circuit which sequentially outputs pulses by

dynamic driving, without limitation to the example illustrated in FIGS. 11A and 11B, the

increase of leakage current causes malfunctions. In addition, in the case where driver

circuits including pulse output circuits are manufactured, whether transistors are



enhancement transistors or depletion transistors vary among substrates in some cases. In

such a case, in circuit design where countermeasures when the transistors are enhancement

transistors or depletion transistors are taken in advance, there might be a problem in that

countermeasures against the other transistors cannot easily be performed. Therefore, it is

necessary to employ circuit design where a driver circuit does not malfunction regardless

of whether transistors are enhancement transistors or depletion transistors.

[0010]

In view of the foregoing problems, it is an object of one embodiment of the

present invention to provide a driver circuit formed using only n-channel transistors or

p-channel transistors where malfunctions in the circuit can be suppressed even when a thin

film transistor whose channel is formed using an amorphous semiconductor is used and the

transistor is changed into an enhancement transistor or a depletion transistor due to

variation in the threshold voltage that is caused by a manufacturing condition or the like of

the thin film transistor.

[0011]

One embodiment of the present invention is a driver circuit including plural stages

of pulse output circuits. Each of the pulse output circuits includes a first circuit for

outputting an output signal in accordance with a potential of a first node and a potential of

a second node; a second circuit for supplying a signal corresponding to an output signal

from a pulse output circuit in a preceding stage to the first node; a third circuit for

intermittently supplying a signal having a high power supply potential to the second node;

a first transistor for controlling the potential of the first node in accordance with the

potential of the second node; and a second transistor for controlling the potential of the

second node. The second node is electrically connected to a gate of the first transistor.

The signal corresponding to the output signal from the pulse output circuit in the preceding

stage is supplied to a gate of the second transistor. A fourth circuit for raising potentials

of source terminals of the first and second transistors from low power supply potentials is



provided between the source terminals of the first and second transistors and a wiring for

supplying a low power supply potential. A switch for setting the potentials of the source

terminals of the first and second transistors to low power supply potentials is provided.

The switch is controlled by a judgment circuit for judging whether the first and second

transistors are enhancement transistors or depletion transistors.

[0012]

In one embodiment of the present invention, the fourth circuit may include a

transistor. A gate and a drain terminal of the transistor are electrically connected to each

other, and a source terminal of the transistor is electrically connected to a wiring to which a

low power supply potential is supplied.

[0013]

In one embodiment of the present invention, L/W of the transistor included in the

fourth circuit may be higher than L/W of each of the first transistor and the second

transistor.

[0014]

In one embodiment of the present invention, the judgment circuit may include a

constant current source, a transistor, a comparator, and a buffer circuit.

[0015]

In one embodiment of the present invention, the switch may be a transistor.

[0016]

In one embodiment of the present invention, the transistor included in the driver

circuit may have a semiconductor layer formed using an oxide semiconductor layer.

[0017]

According to one embodiment of the present invention, it is possible to provide a

driver circuit formed using only n-channel transistors or p-channel transistors where

malfunctions in the circuit can be suppressed even when a thin film transistor whose

channel is formed using an amorphous semiconductor is used and the transistor is changed



into an enhancement transistor or a depletion transistor due to variation in the threshold

voltage that is caused by a manufacturing condition or the like of the thin film transistor.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

In the accompanying drawings:

FIG 1 illustrates an example of a pulse output circuit;

FIG 2 illustrates an example of a judgment circuit;

FIGS. 3A to 3F each illustrate an example of a circuit included in a pulse output

circuit;

FIGS. 4A to 4C illustrate examples of a pulse output circuit and a shift register;

FIG 5 is a timing chart of a shift register;

FIG 6 is a flow chart illustrating operation of a pulse output circuit;

FIG 7 illustrates an example of a cross-sectional view of a display device;

FIGS. 8A and 8B are examples of a block diagram of a display device;

FIGS. 9A and 9B illustrate examples of a block diagram and a timing chart of a

shift register;

FIGS. 10A to IOC illustrate examples of display devices; and

FIGS. llAand 11B illustrate problems of a conventional circuit.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019]

Hereinafter, embodiments of the present invention will be described with

reference to the drawings. Note that the present invention can be implemented in various

different ways and it will be readily appreciated by those skilled in the art that modes and

details of the present invention can be changed in various ways without departing from the

spirit and scope of the present invention. Therefore, the present invention should not be



construed as being limited to the following description of the embodiments. Note that in

structures of the present invention described below, reference numerals denoting the same

portions are used in common in different drawings.

[0020]

Note that the size, the thickness of a layer, or a region in each structure illustrated

in drawings and the like in embodiments is exaggerated for simplicity in some cases.

Therefore, embodiments of the present invention are not limited to such scales.

[0021]

Note that in this specification, terms such as "first", "second", "third", and "N -th"

(N is a natural number) are used in order to avoid confusion among components and do not

limit the number.

[0022]

[Embodiment 1]

In this embodiment, first, the structure of one stage of a pulse output circuit in a

driver circuit including plural stages of pulse output circuits is described with reference to

drawings.

[0023]

A pulse output circuit 100 illustrated in this embodiment includes a first circuit

101, a second circuit 102, a third circuit 103, fourth circuits 104A and 104B, a first

transistor 105, a second transistor 106, and switches 107A and 107B. Note that each

transistor included in the pulse output circuit 100 is an n-channel thin film transistor.

[0024]

Note that an oxide semiconductor may be used for a semiconductor layer of each

transistor included in the pulse output circuit 100. A transistor formed using an oxide

semiconductor has higher field-effect mobility than a transistor formed using a

silicon-based semiconductor material such as amorphous silicon. Note that zinc oxide

(ZnO), tin oxide (Sn0 ), or the like can be used as the oxide semiconductor. In addition,



In, Ga, or the like can be added to ZnO.

[0025]

As the oxide semiconductor, a thin film represented by I 0 3 (ZnO) (x 0) can

be used. Note that M denotes one or more metal elements selected from gallium (Ga),

iron (Fe), nickel (Ni), manganese (Mn), or cobalt (Co). As an example, M might be Ga or

might include the above metal element in addition to Ga, for example, M might be Ga and

Ni or Ga and Fe. Further, in the oxide semiconductor, in some cases, a transitional metal

element such as Fe or Ni or an oxide of the transitional metal is contained as an impurity

element in addition to the metal element contained as M . For example, an

In-Ga-Zn-O-based film can be used for an oxide semiconductor layer.

[0026]

As the oxide semiconductor film (In 0 3 (ZnO)* (x > 0) film), an In 0 3(ZnO)* x

> 0) film in which M is a different metal element may be used instead of the

In-Ga-Zn-O-based film. As the oxide semiconductor, any of the following oxide

semiconductors can be used in addition to the above: an In-Sn-Zn-O-based oxide

semiconductor; an In-Al-Zn-O-based oxide semiconductor; a Sn-Ga-Zn-O-based oxide

semiconductor; an Al-Ga-Zn-O-based oxide semiconductor; a Sn-Al-Zn-O-based oxide

semiconductor; an In-Zn-O-based oxide semiconductor; a Sn-Zn-O-based oxide

semiconductor; an Al-Zn-O-based oxide semiconductor; an In-O-based oxide

semiconductor; a Sn-O-based oxide semiconductor; and a Zn-O-based oxide

semiconductor.

[0027]

Note that the first circuit 101 is a circuit for outputting a signal having a high

power supply potential or a signal having a low power supply potential as an output signal

in accordance with potentials of a first node NA and a second node NB and for making the

output signal be an output signal OUT_(N) in the stage (an N -th stage in FIG. 1) in

accordance with the potentials of the first node NA and the second node NB.



[0028]

Note that a high power supply potential refers to a potential which is higher than a

reference potential, and a low power supply potential refers to a potential which is lower

than or equal to the reference potential. Note that the high power supply potential and the

low power supply potential are preferably potentials such that a transistor can operate, i.e.,

potentials such that an ideal transistor (whose threshold voltage is 0 V) is turned on when a

high power supply potential is applied to a gate and the ideal transistor is turned off when a

low power supply potential is applied.

[0029]

Note that voltage refers to a potential difference between a given potential and a

reference potential (e.g., a ground potential) in many cases. Accordingly, voltage, a

potential, and a potential difference can be referred to as a potential, voltage, and a voltage

difference, respectively.

[0030]

Note that the structure of a thin film transistor can be a variety of structures

without being limited to a certain structure. For example, a multi-gate structure having

two or more gate electrodes can be used.

[0031]

Further, a structure where gate electrodes are formed above and below a channel

region can be used. Note that when the gate electrodes are formed above and below the

channel region, a structure where a plurality of transistors are connected in parallel can be

used.

[0032]

Note that when it is explicitly described that "A and B are connected", the case

where A and B are electrically connected, the case where A and B are functionally

connected, and the case where A and B are directly connected are included therein. Here,

each of A and B is an object (e.g., a device, an element, a circuit, a wiring, an electrode, a



terminal, a conductive film, or a layer). Accordingly, another element may be interposed

between elements having a connection relation illustrated in drawings and texts, without

limitation to a predetermined connection relation, for example, the connection relation

illustrated in the drawings and the texts.

[0033]

Note that the first node NA is a node which is connected to the first circuit 101,

the second circuit 102, and the first transistor 105, and the second node NB is a node which

is connected to the first circuit 101, the third circuit 103, the first transistor 105, and the

second transistor 106.

[0034]

The second circuit 102 is a circuit for supplying a signal corresponding to an

output signal OUT_ (iV-l) in a preceding stage of a pulse output circuit (a start pulse SP in

a first stage) to the first node NA. Further, the second circuit 102 is a circuit for

outputting the output signal OUT_ (iV-l) in the preceding stage of the pulse output circuit

to a gate of the second transistor 106.

[0035]

The third circuit 103 is a circuit for intermittently supplying signals having high

power supply potentials to the second node NB in response to predetermined timing

obtained by input of clock signals or the like.

[0036]

The second node NB is connected to a gate of the first transistor 105. A drain

terminal of the first transistor 105 is connected to the first node NA. The first transistor

105 is a transistor for controlling a potential of the first node NA in accordance with a

potential of the second node NB.

[0037]

A signal corresponding to the output signal OUT_(N -l) in the preceding stage of

the pulse output circuit is supplied to a gate of the second transistor 106. A drain terminal



of the second transistor 106 is connected to the second node NB. The second transistor

106 is a transistor for controlling the potential of the second node NB.

[0038]

Note that a thin film transistor is an element having at least three terminals: a gate

terminal, a drain terminal, and a source terminal. The thin film transistor has a channel

region between a drain region and a source region, and current can flow through the drain

region, the channel region, and the source region. In this specification, a terminal which

is connected to a wiring side for supplying a high power supply potential is referred to as a

drain terminal, and a terminal which is connected to a wiring side to which a low power

supply potential is supplied is referred to as a source terminal. Note that the source

terminal and the drain terminal are referred to as a first terminal and a second terminal in

some cases.

[0039]

The fourth circuit 104A is provided between a source terminal of the first

transistor 105 and a wiring 110 for supplying a low power supply potential. The fourth

circuit 104A makes a potential of the source terminal of the first transistor 105 higher than

a potential of the wiring 110. Further, the fourth circuit 104B is provided between a

source terminal of the second transistor 106 and the wiring 110 for supplying a low power

supply potential, like the fourth circuit 104A. The fourth circuit 104B makes a potential

of the source terminal of the second transistor 106 higher than the potential of the wiring

110.

[0040]

Note that in the structure illustrated in this embodiment, a third transistor 108A

and a fourth transistor 109A are provided as the fourth circuit 104A, and a gate and a drain

terminal of each transistor are connected to each other so as to be short-circuited.

Accordingly, the potential of the source terminal of the first transistor 105, i.e., a potential

of a third node Nl can be made higher than the potential of the wiring 110 by the sum of



the threshold voltage of the third transistor 108A and the threshold voltage of the fourth

transistor 109A. Similarly, a third transistor 108B and a fourth transistor 109B are

provided as the fourth circuit 104B, and a gate and a drain terminal of each transistor are

connected to each other so as to be short-circuited. Accordingly, the potential of the

source terminal of the second transistor 106, i.e., a potential of a third node N2 can be

made higher than the potential of the wiring 110 by the sum of the threshold voltage of the

third transistor 108B and the threshold voltage of the fourth transistor 109B. Note that

one of the fourth circuit 104A and the fourth circuit 104B may be eliminated, or the fourth

circuit 104A and the fourth circuit 104B may be duplicated with a plurality of transistors.

[0041]

Note that the fourth circuit 104A and the first transistor 105, and the fourth circuit

104B and the second transistor 106 are provided depending on the number of nodes which

are made to be in a floating state in order to control the first circuit 101. The first node

NA and the second node NB are illustrated in this embodiment, for example. Further,

although the third transistor 108A and the fourth transistor 109A are provided as the fourth

circuit 104A and the third transistor 108B and the fourth transistor 109B are provided as

the fourth circuit 104B in this embodiment, the potentials of the third nodes Nl and N2

may be raised by the increase in the number of transistors. Furthermore, in order to

further reduce the amount of off-state current, the resistance values of the third transistor

108A, the fourth transistor 109A, the third transistor 108B, and the fourth transistor 109B

which are included in the fourth circuits 104A and 104B are preferably higher than those of

the first transistor 105 and the second transistor 106 in advance.

[0042]

In other words, LIW of the third transistor 108A, the fourth transistor 109A, the

third transistor 108B, and the fourth transistor 109B which are included in the fourth

circuits is preferably higher than LIW of the first transistor 105 and the second transistor

106. Further, the thickness of each of semiconductor layers of the third transistor 108A,



the fourth transistor 109A, the third transistor 108B, and the fourth transistor 109B which

are included in the fourth circuits is preferably smaller than that of the first transistor 105

and the second transistor 106. Note that the gate length L corresponds to length between

a source and a drain in a region where a gate and a semiconductor layer of a transistor

overlap with each other, and the gate width corresponds to width between the source and

the drain in the region where the gate and the semiconductor layer of the transistor overlap

with each other. Therefore, L/W of the transistor corresponds to a ratio of the gate length

to the gate width.

[0043]

The switch 107A is a circuit for short-circuiting the source terminal of the first

transistor 105, i.e., the third node Nl and the wiring 110 to which a low power supply

potential is supplied. The switch 107B is a circuit for short-circuiting the source

terminals of the first and second transistors 105 and 106, i.e., the third node N2 and the

wiring 110 to which a low power supply potential is supplied. Note that the switches

107A and 107B may be formed using transistors manufactured in a manner similar to those

of the first to fourth transistors. On/off of the switches 107A and 107B is controlled with

a judgment signal supplied from a judgment circuit 111 which is provided outside. Note

that when the switches 107A and 107B are formed using transistors, a signal from the

judgment circuit 111 is preferably a signal having a potential for turning on or off the

transistors surely. A plurality of switches having functions which are similar to those of

the switches 107A and 107B may be provided.

[0044]

In other words, in the case where the first transistor 105 and the second transistor

106 are normally on, the potentials of the third nodes Nl and N2 are made higher than the

low power supply potential wi the fourth circuits 104A and 104B so that current does

not easily flow between the first transistor 105 and the second transistor 106; or in the case

where the first transistor 105 and the second transistor 106 are normally off, the potentials



of the third nodes Nl and N2 are lowered to the low power supply potential with the

switches 107A and 107B short-circuited so that current easily flows between the first

transistor 105 and the second transistor 106. Therefore, the first transistor 105 and the

second transistor 106 can operate without problems. Note that in the case where the

switches 107A and 107B are formed using transistors, a structure is preferably used in

which a signal having an adequate voltage level is applied to gates of the transistors which

serve as the switches 107A and 107B from the judgment circuit 111 provided outside

because the operation becomes unstable when the transistors are normally on.

[0045]

Next, a structure example of the judgment circuit 111 is described with reference

to FIG 2.

[0046]

The judgment circuit 111 includes a constant current source 201, a transistor 202,

a comparator 203 (also referred to as a comparison circuit), and a buffer circuit 204. Note

that for illustrative purposes, a node where the constant current source 201, the transistor

202, and the comparator 203 are connected to each other is referred to as a node NE.

[0047]

In FIG 2, one terminal of the constant current source 201 is connected to a wiring

for supplying a high power supply potential dd, and the other terminal of the constant

current source 201 is connected to the node NE. A drain terminal of the transistor 202 is

connected to the node NE, and a gate and a source terminal of the transistor 202 are

connected to a wiring for supplying the low power supply potential An input terminal

of the comparator 203 is connected to the node NE, and an output terminal of the

comparator 203 is connected to an input terminal of the buffer circuit 204. An output

terminal of the buffer circuit 204 is connected to the gates of the transistors which serve as

the switches 107A and 107B.

[0048]



Note that the buffer circuit 204 is provided in order to improve the electric charge

supply capability of a signal which is to be input to a pulse output circuit in each stage is

improved when the judgment circuit 111 is apart from the switches 107A and 107B formed

using transistors. The buffer circuit 204 may be eliminated.

[0049]

In the judgment circuit 111, the transistor 202 is a transistor for judging whether

the transistor included in the driver circuit is normally on or off, is formed over the same

substrate and in the same condition as the transistor, and has the same transistor

characteristics as the transistor. When current flowing from the constant current source

201 flows through the transistor 202, the judgment circuit 111 judges the level of a

potential of the node NE depending on whether the transistor 202 is normally on or off so

that on/off of the switches 107A and 107B is controlled. Note that when the transistor

202 is normally on, the potential of the node NE is lowered as compared to the case where

the transistor 202 is normally off. Note that the comparator 203 compares a

predetermined reference potential (e.g., an intermediate potential between the high power

supply potential V and the low power supply potential with the potential of the node

NE. When the transistor 202 is normally off, the comparator 203 outputs a signal having

a high power supply potential. When the transistor 202 is normally on, the comparator

203 outputs a signal having a low power supply potential. Then, the signal is changed

into a voltage signal (a judgment signal) for adequately controlling on/off of the switches

107A and 107B formed using transistors in the buffer circuit 204.

[0050]

Note that whether the transistor included in the driver circuit is normally on or off

might vary among substrates even when manufacturing steps are the same. Therefore,

with the structure of this embodiment, whether the transistor is normally on or off can be

judged among substrates used for display devices and correction is possible. Thus, the

yield of the driver circuit can be improved.



[0051]

Note that the reference potential used for comparison in the comparator 203 may

be set as appropriate by monitoring of the increase in the potential of the node NE when

the transistor is normally on and the decrease in the potential of the node NE when the

transistor is normally off in advance.

[0052]

Next, examples of the first circuit 101, the second circuit 102, and the third circuit

103 are described with reference to FIGS. 3Ato 3E

[0053]

As an example of the first circuit 101 illustrated in FIG 3A, a transistor 301 and a

transistor 302 are provided, as in FIG 11A. A gate of the transistor 301 may be connected

to the first node NA. A gate of the transistor 302 may be connected to the second node

NB. A drain terminal of the transistor 301 may be connected to a wiring to which a clock

signal CK1 (also referred to as a first clock signal) is supplied. A source terminal of the

transistor 301 and a drain terminal of the transistor 302 may be connected to each other so

as to serve as a terminal for outputting the output signal OUTJV. A source terminal of the

transistor 302a may be connected to a wiring for supplying the low power supply potential

Vss. Further, a capacitor 303 may be provided between the gate and the source of the

transistor 301 as necessary. With the provision of the capacitor, bootstrap easily occurs

between the gate and the source of the transistor 301 when the first node is made to be in a

floating state, which is preferable.

[0054]

Then, as an example of the second circuit 102 illustrated in FIG 3B, a transistor

304 is provided, as in FIG 11A. A terminal to which a gate and a drain terminal of the

transistor 304 and the gate of the second transistor 106 are connected may be connected to

a terminal to which the output signal OUT_(N -l) in the preceding stage of the pulse output

circuit is input. A source terminal of the transistor 304 may be connected to the second



node NB. In addition, as a structure which is different from the structure of the second

circuit 102 in FIG 3B, a transistor 305 is provided as illustrated in FIG. 3C. A drain

terminal of the transistor 305 may be connected to a wiring to which the high power supply

potential V is supplied. A terminal to which a gate of the transistor 305 and the gate of

the second transistor 106 are connected may be connected to a terminal to which the output

signal OUT_(N -l) in the preceding stage of the pulse output circuit is input. A source

terminal of the transistor 305 may be connected to the second node NB.

[0055]

Then, as an example of the third circuit 103 illustrated in FIG 3D, a transistor 306

is provided, as in FIG 11A. A gate and a drain terminal of the transistor 306 are

connected to a wiring to which a clock signal CK2 (also referred to as a second clock

signal) is supplied. A source terminal of the transistor 306 is connected to the second

node NB. Note that the clock signal CK2 in FIG 3D is preferably a signal obtained by

inversion of the clock signal CK1 in FIG 3A. In addition, as a structure which is different

from the structure of the third circuit 103 in FIG 3D, a transistor 307 and a transistor 308

are provided as illustrated in FIG 3E. A gate of the transistor 307 is connected to a wiring

to which the clock signal CK2 (also referred to as the second clock signal) is supplied. A

drain terminal of the transistor 307 is connected to a wiring to which the high power supply

potential V is supplied. A source terminal of the transistor 307 and a drain terminal of

the transistor 308 are connected to each other. A gate of the transistor 308 is connected to

a wiring to which a clock signal CK3 (also referred to as a third clock signal) is supplied.

A source terminal of the transistor 308 is connected to the second node NB. Note that it is

preferable that the clock signal CK2 in FIG. 3D be a signal delayed from the clock signal

CK1 in FIG 3A by 1/4 cycle and the clock signal CIO in FIG 3E be a signal delayed from

the clock signal CK2 in FIG 3E by 1/4 cycle.

[0056]

In the structure illustrated in FIG 1, a circuit may be provided in addition to the



first circuit 101, the second circuit 102, and the third circuit 103. For example, a circuit

illustrated having a transistor 309 illustrated in FIG 3F may be provided so as to be

connected to the second node NB. Concerning the transistor 309 in FIG 3F, a drain

terminal may be connected to a terminal to which the high power supply potential Vd is

supplied. A gate may be connected to a terminal to which an output signal OUT_(N +2) in

a stage following the next stage of a pulse output circuit is input. A source terminal may

be connected to the second node NB. With the structure to which the circuit illustrated in

FIG 3F is added, the potential of the second node NB can be controlled more adequately,

which is preferable.

[0057]

Note that the number of the first circuits 101, the number of the second circuits

102, and the number of the third circuits 103 can be each plural.

[0058]

Next, the structure of a shift register, which is a driver circuit including plural

stages of pulse output circuits, is described with reference to FIGS. 4A to 4C.

Advantageous effects and the like of the structure illustrated in this embodiment are

described in detail. Note that FIG 4C illustrates a specific structure when the circuit in

FIG 3A is used as the first circuit 101 in FIG 1, the circuit in FIG 3C is used as the second

circuit 102 in FIG 1, the circuit in FIG 3E is used as the third circuit 103 in FIG 1, and the

circuit in FIG 3F is used as the second node NB. Note that FIG 4C illustrates an example

where the number of the first circuits 101 is plural.

[0059]

A shift register illustrated in FIG 4A includes first to N -th pulse output circuits

10_1 to 10 7V (N is a natural number greater than or equal to 3). In the first to N -th pulse

output circuits 10_1 to I O N in the shift register illustrated in FIG 4A, a first clock signal

CKl, a second clock signal CK2, a third clock signal CK3, and a fourth clock signal CK4

are supplied from a first wiring 11, a second wiring 12, a third wiring 13, and a fourth



wiring 14, respectively. A start pulse SP1 (a first start pulse) is input from a fifth wiring

15 to the first pulse output circuit 10 1. To an n-th pulse output circuit 10_n of the

second or subsequent stage (n is a natural number greater than or equal to 2 and less than or

equal to , a signal from a pulse output circuit of the preceding stage (such a signal is

referred to as a preceding-stage signal OUT(/i-l)) is input. To the first pulse output

circuit 10_1, a signal from the third pulse output circuit 10 3 of a stage following the next

stage is input. Similarly, to the n-th pulse output circuit 10_n of the second or subsequent

stage, a signal from the (n+2)th pulse output circuit 10_(n+2) of the stage following the

next stage (such a signal is referred to as a subsequent-stage signal OUT(n+2)) is input.

Therefore, from the pulse output circuits of the respective stages, first output signals

OUT(l)(SR) to OUT(N)(SR) to be input to the pulse output circuits of the subsequent

stages and/or the stages before the preceding stages and second output signals OUT(l) to

OUT(N) to be input to different circuits or the like are output. Further, a judgment signal

JS from the judgment circuit 111 is supplied from a sixth wiring 16 to the pulse output

circuits of the respective stages. Note that since the subsequent-stage signal OUT(«+2) is

not input to the last two stages of the shift register as illustrated in FIG 4A, a second start

pulse SP2 and a third start pulse SP3 may be input from a seventh wiring 17 and an eighth

wiring 18 to the last two stages, for example. Alternatively, signals may be generated

inside. For example, a («+l)th pulse output circuit 10(n+l) and a (n+2)th pulse output

circuit 10(n+2) which do not contribute to output of pulses to a display portion (such

circuits are also referred to as dummy stages) may be provided, and signals corresponding

to a second start pulse (SP2) and a third start pulse (SP3) may be generated from the

dummy stages.

[0060]

Note that each of the first to fourth clock signals (CK1) to (CK4) is a signal that

oscillates between an H-level signal and an L-level signal at regular intervals. Further, the

first to fourth clock signals (CK1) to (CK4) are delayed by 1/4 cycle sequentially (i.e., they



are 90° out of phase with each other). In this embodiment, driving of the pulse output

circuits is controlled with the first to fourth clock signals (CK1) to (CK4). Note that the

clock signal is also referred to as GCK or SCK in some cases depending on a driver circuit

to which the clock signal is input, and the clock signal is referred to as CK in the following

description.

[0061]

Each of the first to N-th pulse output circuits 10_1 to 10_N includes a first input

terminal 21, a second input terminal 22, a third input terminal 23, a fourth input terminal

24, a fifth input terminal 25, a first output terminal 26, a second output terminal 27, and a

sixth input terminal 28 (see FIG 4B).

[0062]

FIG 4B is one of the pulse output circuits 10_n illustrated in FIG 4A. The first

input terminal 21, the second input terminal 22, and the third input terminal 23 are

electrically connected to any of the first to fourth wirings 11 to 14. For example, in the

first pulse output circuit 10 1 in FIGS. 4A and 4B, the first input terminal 21 is electrically

connected to the first wiring 11; the second input terminal 22 is electrically connected to

the second wiring 12; and the third input terminal 23 is electrically connected to the third

wiring 13. In the second pulse output circuit 10 2, the first input terminal 21 is

electrically connected to the second wiring 12; the second input terminal 22 is electrically

connected to the third wiring 13; and the third input terminal 23 is electrically connected to

the fourth wiring 14.

[0063]

Further, in the first pulse output circuit 10 1 in FIGS. 4A and 4B, a start pulse is

input to the fourth input terminal 24; a subsequent-stage signal OUT(3) is input to the fifth

input terminal 25; the first output signal OUT(l)(SR) is output from the first output

terminal 26; the second output signal OUT(l) is output from the second output terminal 27;

and the judgment signal JS is input from the sixth input terminal 28.



[0064]

Next, an example of a specific circuit structure of the pulse output circuit is

described with reference to FIG 4C.

[0065]

As in FIG 1, the first pulse output circuit 10_1 includes first circuits 101A and

101B, the second circuit 102, the third circuit 103, the fourth circuits 104A and 104B, the

first transistor 105, the second transistor 106, and the switches 107A and 107B formed

using transistors. In addition to the structure in FIG 1, a transistor 401 which is

connected to the second node NB is provided. The transistor 401 is a transistor for raising

the potential of the second node NB in accordance with timing of when the

subsequent-stage signal OUT(n+2) is changed into an H-level signal. In addition to the

structure in FIG 1, a transistor 402 may be provided in the first node NA so that a gate of

the transistor 402 is connected to a wiring to which the high power supply potential V is

supplied. When the transistor 402 is provided in the first node NA, a gate of a transistor

in the first circuit 101A is easily made to be in a floating state, which is preferable. Here,

each of the first to fourth clock signals (CK1) to (CK4) oscillates between an H-level

signal and an L-level signal at regular intervals; the clock signal at an H level is Vd d the

clock signal at an L level is χ .

[0066]

In the case where the pulse output circuit in FIG 4C is the first pulse output circuit

10_1, the first clock signal CK1 is input to the first input terminal 21; the second clock

signal CK2 is input to the second input terminal 22; the third clock signal CK3 is input to

the third input terminal 23; the start pulse SP is input to the fourth input terminal 24; a

subsequent-stage signal OUT(3) is input to the fifth input terminal 25; the first output

signal OUT(l)(SR) is output from the first output terminal 26; the second output signal

OUT(l) is output from the second output terminal 27; and the judgment signal JS is input

from the sixth input terminal 28.



[0067]

FIG. 5 illustrates a timing chart of a shift register including a plurality of pulse

output circuits illustrated in FIG 4C. Note that when the shift register is included in a

scan line driver circuit, a period 501 in FIG 5 corresponds to a vertical retrace period and a

period 502 corresponds to a gate selection period.

[0068]

In order that the output signal OUT_(N) be changed into an H-level signal, the

node NA in FIG 4C is regularly made to be in a floating state and supplied with a

predetermined potential. In a period denoted by an arrow A in FIG 5 is a period during

which the node NA is in a floating state. When the node NA is made to be in a floating

state, the decrease in potential due to leakage current becomes problematic. Similarly, in

a period denoted by an arrow B in FIG 5 is a period during which the node NB is in a

floating state. When the node NB is made to be in a floating state, the decrease in

potential due to leakage current becomes problematic. Specifically, the amount of the

decrease in potential in the period denoted by the arrow A and the period denoted by the

arrow B during which the node NA and the node NB are in a floating state is changed

depending on whether the transistor is normally on or off, which is problematic. Even

when a circuit for correcting the normally-on state or the normally-off state of the transistor

is added, the circuit cannot operate precisely when the normally-on state and the

normally-off state of transistors vary among substrates.

[0069]

Next, the operation of the pulse output circuit illustrated in FIG 1 is described

with reference to FIG 6. Further, advantageous effects of the operation of a driver circuit

including the pulse output circuit in FIG 1 for realizing accurate operation regardless of

whether the transistor is normally on or off when the normally-on state and the

normally-off state of transistors vary among substrates, are described.

[0070]



First, as an indicator of whether a transistor included in each circuit is normally on

or off, the judgment circuit 111 judges whether the transistor 202 is normally on or off and

judges whether the potentials of the third nodes Nl and N2 are raised by the fourth circuits

104A and 104B (Step 601 in FIG 6).

[0071]

Then, the judgment circuit 111 illustrated in FIG 2 judges whether the potential of

the node NE is higher than a reference potential (Step 602 in FIG 6). When the amount

of current flowing through the transistor 202 is large and the potential of the node NE is

higher than the reference potential, the judgment circuit 111 judges that the transistor 202 is

normally off (Step 603 in FIG 6).

[0072]

Then, the judgment circuit 111 outputs H-level signals to the switches 107A and

107B through the comparator 203 and the buffer circuit 204 (Step 604 in FIG 6). In the

case where the switches 107A and 107B are n-channel transistors, the switches 107A and

107B are turned on (Step 605 in FIG 6). Accordingly, the potentials of the third nodes

Nl and N2 are lowered to the low power supply potential ν (corresponding to the

potential of the wiring 110) (Step 606 in FIG 6).

[0073]

In contrast, when the amount of current flowing transistor through the transistor

202 is small and the potential of the node NE is lower than the reference potential, the

judgment circuit 111 judges that the transistor 202 is normally on (Step 607 in FIG 6).

[0074]

Then, the judgment circuit 111 outputs L-level signals to the switches 107A and

107B through the comparator 203 and the buffer circuit 204 (Step 608 in FIG 6). In the

case where the switches 107A and 107B are n-channel transistors, the switches 107A and

107B are turned off (Step 609 in FIG 6). Accordingly, the potentials of the third nodes

Nl and N2 are held at potentials which are higher than the low power supply potential V



(Step 610 in FIG 6).

[0075]

Through the above operation, it is possible to provide a pulse output circuit with

which gate-source voltage V high enough to make transistors on or off regardless of

whether the first transistor 105 and the second transistor 106 are normally on or off can be

obtained. In other words, switching characteristics can be improved by the increase in the

gate-source voltage of the transistors when the transistors are normally on, and the

sufficiently high gate-source voltage gs can be obtained by the decrease in the potentials

of source terminals when the transistors are normally off. Therefore, even when whether

the transistor is normally on or off varies among substrates, a driver circuit with higher

accuracy and fewer malfunctions can be provided. In other words, it is possible to

provide a driver circuit where malfunctions in the circuit can be suppressed even when a

thin film transistor is changed into an enhancement transistor or a depletion transistor due

to variation in the threshold voltage that is caused by a manufacturing condition or the like

of the thin film transistor.

[0076]

This embodiment can be combined with any of the structures described in the

other embodiments as appropriate.

[0077]

[Embodiment 2]

In this embodiment, the driver circuit described in the above embodiment and a

cross-sectional view of a display device including a display portion controlled by the driver

circuit are described with reference to FIG 7. Further, in this embodiment, an example of

a liquid crystal display device is described as the display device; however, the display

device can be used as an EL display device including a light-emitting element such as an

organic EL element or an electrophoretic display device including an electrophoretic

element. Note that the structure described in the above embodiment can be applied not



only to the driver circuit of the display device but also to a different device such as a driver

circuit for an optical sensor.

[0078]

A liquid crystal display device which is one embodiment of the present invention

is illustrated in FIG 7. In the liquid crystal display device in FIG 7, a substrate 706

which is provided with a pixel portion including a thin film transistor 701 and a capacitor

702, a driver circuit portion including a thin film transistor 703, a pixel electrode layer 704,

and an insulating layer 705 serving as an alignment film, and a counter substrate 710 which

is provided with an insulating layer 707 serving as an alignment film, a counter electrode

layer 708, and a coloring layer 709 serving as a color filter face each other with a liquid

crystal layer 711 positioned between the substrates. The substrate 706 is provided with a

polarizing plate (a layer including a polarizer, also simply referred to as a polarizer) 712a

on a side opposite to the liquid crystal layer 711, and the counter substrate 710 is provided

with a polarizing plate 712b on a side opposite to the liquid crystal layer 711. A first

terminal 713, a connection electrode 714, and a terminal electrode 715 for connection are

provided in a terminal portion for a gate wiring, and a second terminal 716 and a terminal

electrode 717 for connection are provided in a terminal portion for a source wiring.

[0079]

In the thin film transistor 703 of the driver circuit portion, a conductive layer 718

is provided over an oxide insulating layer 724 above a semiconductor layer 723 which is

formed over a gate electrode layer 721 and a gate insulating layer 722, and a drain

electrode layer 719b is electrically connected to a conductive layer 720 which is formed in

the same step as the gate electrode layer. In the pixel portion, a drain electrode layer of

the thin film transistor 701 is electrically connected to the pixel electrode layer 704.

[0080]

The use of an oxide semiconductor for a thin film transistor leads to reduction in

manufacturing cost. The thin film transistor formed using an oxide semiconductor has



high field-effect mobility and is favorably used in a pixel portion and a driver circuit of a

display device. On the other hand, an oxide semiconductor tends to have n-type

conductivity due to a defect of void by lack of oxygen even when an extrinsic impurity is

not added. When an oxide insulating film is formed in contact with an oxide

semiconductor layer, a thin film transistor with stable electrical characteristics can be

obtained. Even if an oxide semiconductor is made to have n-type conductivity so that a

normally-on thin film transistor is formed, a driver circuit can operate stably when the

driver circuit of this embodiment is used.

[0081]

Note that although an example of a thin film transistor whose channel is formed

using an oxide semiconductor is described in this embodiment, the structure described in

Embodiment 1 can be used regardless of whether a thin film transistor included in a driver

circuit is normally on or off. Therefore, for example, the structure described in

Embodiment 1 can be used for a normally-on thin film transistor when a semiconductor

layer of the thin film transistor formed using amorphous silicon intentionally or

unintentionally contains an impurity imparting n-type conductivity. Further, the structure

described in Embodiment 1 can be used for a normally-on thin film transistor where a

parasitic channel is formed on a side opposite to a gate insulating film of a semiconductor

layer included in a channel region (a back channel side) by accumulation of electric charge.

[0082]

Since the channel formation region in the semiconductor layer is a high-resistant

region, electrical characteristics of the thin film transistor are stabilized and the increase in

the amount of off-state current can be prevented. Therefore, a semiconductor device

including a highly reliable thin film transistor with favorable electrical characteristics can

be provided.

[0083]

Since a thin film transistor is easily broken due to static electricity or the like, a



protection circuit is preferably provided over the same substrate as the pixel portion or the

drive circuit. The protection circuit preferably include a non-linear element formed using

an oxide semiconductor layer. For example, protection circuits are provided between the

pixel portion and a scan line input terminal and between the pixel portion and a signal line

input terminal. In this embodiment, a plurality of protection circuits are provided so as to

prevent breakage of the a pixel transistor and the like when surge voltage due to static

electricity or the like is applied to a scan line, a signal line, and a capacitor bus line.

Therefore, the protection circuit is formed so as to release electric charge to a common

wiring when surge voltage is applied to the protection circuit. Further, the protection

circuit includes non-linear elements arranged in parallel to each other with the scan line

therebetween. The non-linear element includes a two-terminal element such as a diode or

a three-terminal element such as a transistor. For example, the non-linear element can be

formed in the same step as the thin film transistor 701 in the pixel portion, and can be made

to have the same properties as a diode by connection of a gate terminal to a drain terminal

of the non-linear element.

[0084]

This embodiment can be combined with any of the structures described in the

other embodiments as appropriate.

[0085]

[Embodiment 3]

In this embodiment, an example in which at least some of driver circuits and a thin

film transistor provided in a pixel portion are formed over the same substrate is described

below. Note that the thin film transistor formed over the substrate may be formed as

illustrated in the cross-sectional view in Embodiment 2.

[0086]

FIG 8A illustrates an example of a block diagram of an active matrix display

device. A pixel portion 5301, a first scan line driver circuit 5302, a second scan line



driver circuit 5303, a signal line driver circuit 5304, and a judgment circuit 5306 are

provided over a substrate 5300 in the display device. In the pixel portion 5301, a plurality

of signal lines extended from the signal line driver circuit 5304 are provided and a plurality

of scan lines extended from the first scan line driver circuit 5302 and the second scan line

driver circuit 5303 are provided. Note that pixels each including a display element are

arranged in matrix in regions where the scan lines and the signal lines intersect with each

other. Further, the substrate 5300 in the display device is connected to a timing control

circuit 5305 (also referred to as a controller or a control IC) through a connection portion

such as an FPC (flexible printed circuit).

[0087]

In FIG 8A, the first scan line driver circuit 5302, the second scan line driver

circuit 5303, the signal line driver circuit 5304, and the judgment circuit 5306 are formed

over the same substrate 5300 as the pixel portion 5301. Thus, the number of components

of a driver circuit and the like which are provided outside is reduced, so that cost can be

reduced. Further, when wirings are extended from a driver circuit provided outside the

substrate 5300, the number of connections in the connection portion can be reduced, and

reliability and yield can be improved. Note that a plurality of the judgment circuits 5306

may be formed over the substrate. For example, the judgment circuit 5306 may be

provided in each driver circuit.

[0088]

Note that the timing control circuit 5305 supplies, for example, a first scan line

driver circuit start signal (GSP1) (a start signal is also referred to as a start pulse) and a

scan line driver circuit clock signal (GCK1) to the first scan line driver circuit 5302.

Further, the timing control circuit 5305 supplies, for example, a second scan line driver

circuit start signal (GSP2) and a scan line driver circuit clock signal (GCK2) to the second

scan line driver circuit 5303. The timing control circuit 5305 supplies a signal line driver

circuit start signal (SSP), a signal line driver circuit clock signal (SCK), video signal data



(DATA, also simply referred to as a video signal), and a latch signal (LAT) to the signal

line driver circuit 5304. Note that each clock signal may be a plurality of clock signals

with shifted phases or may be supplied together with a signal (CKB) obtained by inversion

of the clock signal. It is possible to eliminate one of the first scan line driver circuit 5302

and the second scan line driver circuit 5303.

[0089]

FIG 8B illustrates a structure in which the judgment circuit 5306, the first scan

line driver circuit 5302, and the second scan line driver circuit 5303 are formed over the

same substrate 5300 as the pixel portion 5301, and the signal line driver circuit 5304 is

formed over a substrate which is different from the substrate 5300 where the pixel portion

5301 is formed.

[0090]

The thin film transistors in Embodiments 1 and 2 are n-channel TFTs. FIGS. 9A

and 9B illustrate examples of a structure and operation of a signal line driver circuit formed

using n-channel TFTs.

[0091]

The signal line driver circuit includes a shift register 5601 and a switching circuit

5602. The switching circuit 5602 includes a plurality of switching circuits 5602 1 to

5602 V (N is a natural number). The switching circuits 5602 1 to 5602 N each include a

plurality of thin film transistors 5603 1 to 5603_k k is a natural number). An example

where the thin film transistors 5603 1 to 5603_£ are n-channel TFTs is described below.

[0092]

A connection relationship in the signal line driver circuit is described using the

switching circuit 5602 1 as an example. First terminals of the thin film transistors

5603 1 to 5603_£ are connected to wirings 5604 1 to 5604 , respectively. Second

terminals of the thin film transistors 5603 1 to 5603_& are connected to signal lines SI to

Sk, respectively. Gates of the thin fi m transistors 5603 1 to 5603 are connected to a



wiring 5605 1.

[0093]

The shift register 5601 has a function of sequentially selecting the switching

circuits 5602 1 to 5602 N by sequentially outputting H-level signals (also referred to as H

signals or signals at high power supply potential levels) to the wiring 5605 1 and wirings

5605_2 to 5605 V.

[0094]

The switching circuit 5602 1 has a function of controlling a conduction state

between the wiring 5604 1 and the signal line SI (electrical continuity between the first

terminal and the second terminal), that is, a function of controlling whether a potential of

the wiring 5604 1 is supplied to the signal line SI. In this manner, the switching circuit

5602 1 functions as a selector. In a similar manner, the thin film transistors 5603 2 to

5603 have functions of controlling conduction states between the wirings 5604_2 to

5604 and the signal lines S2 to Sk, respectively, that is, functions of supplying potentials

of the wirings 5604 2 to 5604 to the signal lines S2 to Sk, respectively. In this manner,

each of the thin film transistors 5603 1 to 5603 functions as a switch.

[0095]

The video signal data (DATA) is input to each of the wirings 5604 1 to 5604_£.

The video signal data (DATA) is an analog signal corresponding to an image signal or

image data.

[0096]

Next, the operation of the signal line driver circuit in FIG 9A is described with

reference to a timing chart in FIG 9B. FIG 9B illustrates examples of signals Sout l to

Sout N and signals Vdata_l to Vdata_&. The signals Sout l to Sout N are examples of

signals output from the shift register 5601. The signals Vdata l to Vdata are examples

of signals input to the wirings 5604 1 to 5604_&. Note that one operation period of the

signal line driver circuit corresponds to one gate selection period in a display device. For



example, one gate selection period is divided into periods Tl to TN. Each of the periods

Tl to TN is a period during which the video signal data (DATA) is written to a pixel in a

selected row.

[0097]

In the periods Tl to TN, the shift register 5601 sequentially outputs H-level

signals to the wirings 5605 1 to 5605 N. For example, in the period Tl, the shift register

5601 outputs an H-level signal to the wiring 5605 1. Then, the thin film transistors

5603 1 to 5603_£ are turned on, so that the wirings 5604 1 to 5604_£ and the signal lines

SI to Sk are brought into conduction. At this time, Data (SI) to Data (Sk) are input to the

wirings 5604 1 to 5604 k, respectively. The Data (SI) to Data (Sk) are written to pixels

in first to k-t columns in a selected row through the thin film transistors 5603 1 to 5603_&,

respectively. In this manner, in the periods Tl to TN, the video signal data (DATA) is

sequentially written to the pixels in the selected row by k columns.

[0098]

When the video signal data (DATA) is written to pixels by a plurality of columns

as described above, the number of video signal data (DATA) or the number of wirings can

be reduced. Thus, the number of connections with an external circuit can be reduced.

Further, writing time can be extended when video signals are written to pixels by a

plurality of columns; thus, insufficient writing of video signals can be prevented.

[0099]

The structure of a scan line driver circuit is described. The scan line driver

circuit includes a shift register. Additionally, the scan line driver circuit may include a

level shifter, a buffer, or the like in some cases. In the scan line driver circuit, when a

clock signal (C ) and a start pulse signal (SP) are input to the shift register, a selection

signal is generated. The selection signal generated is buffered and amplified in the buffer,

and the resulting signal is supplied to a corresponding scan line. Gate electrodes of

transistors in pixels of one line are connected to the scan line. Since the transistors in the



pixels of one line have to be turned on all at once, a buffer which can supply a large

amount of current is used.

[0100]

This embodiment can be combined with any of the structures described in the

other embodiments as appropriate.

[0101]

[Embodiment 4]

In this embodiment, examples of electronic devices each including the display

device described in the above embodiment in a display portion are described.

[0102]

The content (or part of the content) described in each drawing in the above

embodiment can be applied to a variety of electronic devices. Specifically, it can be

applied to display portions of electronic devices. As such electronic devices, there are

cameras such as video cameras and digital cameras, goggle-type displays, navigation

systems, audio reproducing devices (e.g., car audio equipment or audio component sets),

computers, game machines, portable information terminals (e.g., mobile computers, mobile

phones, portable game machines, or e-book readers), image reproducing devices provided

with recording media (specifically devices which reproduce the content of recording media

such as digital versatile discs (DVDs) and have displays for displaying the reproduced

images), and the like.

[0103]

FIG 10A illustrates a display, which include a housing 1011, a support 1012, and a

display portion 1013. The display illustrated in FIG 10A has a function of displaying a

variety kinds of information (e.g., still images, moving images, and text images) on the

display portion. Note that the display illustrated in FIG 10A is not limited to having this

function. The display illustrated in FIG 10A can have a variety of functions.

[0104]



FIG 10B illustrates a camera, which includes a main body 1031, a display portion

1032, an image reception portion 1033, operation keys 1034, an external connection port

1035, and a shutter button 1036. The camera illustrated in FIG 10B has a function of

taking still images and a function of taking moving images. Note that the camera

illustrated in FIG. 10B is not limited to having these functions. The camera illustrated in

FIG 10B can have a variety of functions.

[0105]

FIG IOC illustrates a computer, which includes a main body 1051, a housing 1052,

a display portion 1053, a keyboard 1054, an external connection port 1055, and a pointing

device 1056. The computer illustrated in FIG IOC has a function of displaying a variety

kinds of information (e.g., still images, moving images, and text images) on the display

portion. Note that the computer illustrated in FIG IOC is not limited to having this

function. The computer illustrated in FIG IOC can have a variety of functions.

[0106]

When the display device described in the above embodiment is used in a display

portion of this embodiment, the number of signal lines and power supply lines which are

connected to pixels included in the display portions in FIGS. 10A to IOC can be reduced.

Then, the number of elements in a signal line driver circuit connected to the signal lines

can be reduced, so that cost can be reduced and high-resolution images can be displayed on

the display portions.

[0107]

This embodiment can be combined with any of the structures described in the

other embodiments as appropriate.

This application is based on Japanese Patent Application serial No. 2009-214297

filed with Japan Patent Office on September 16, 2009, the entire contents of which are

hereby incorporated by reference.



CLAIMS

1. A driver circuit comprising plural stages of pulse output circuits, each of the

pulse output circuits comprising:

a first circuit for outputting an output signal in accordance with a

potential of a first node and a potential of a second node;

a second circuit for supplying a signal corresponding to an output signal

from a pulse output circuit in a preceding stage to the first node;

a third circuit for intermittently supplying a signal having a high power

supply potential to the second node;

a first transistor for controlling the potential of the first node in

accordance with the potential of the second node; and

a second transistor for controlling the potential of the second node,

wherein the second node is electrically connected to a gate of the first transistor,

wherein the signal corresponding to the output signal from the pulse output circuit

in the preceding stage is supplied to a gate of the second transistor,

wherein a fourth circuit for raising potentials of source terminals of the first and

second transistors from a low power supply potential is provided between the source

terminals of the first and second transistors and a wiring for supplying the low power

supply potential,

wherein a switch for setting the potentials of the source terminals of the first and

second transistors to a low power supply potential is provided, and

wherein the switch is controlled by a judgment circuit for judging whether the first

and second transistors are enhancement transistors or depletion transistors.

2. The driver circuit according to claim 1,

wherein the fourth circuit includes a transistor,



wherein a gate and a drain terminal of the transistor are electrically connected to

each other, and

wherein a source terminal of the transistor is electrically connected to a wiring to

which the low power supply potential is supplied.

3. The driver circuit according to claim 2, wherein LIW of the transistor included

in the fourth circuit is higher than LIW of each of the first transistor and the second

transistor.

4. The driver circuit according to claim 1, wherein the judgment circuit includes a

constant current source, a transistor, a comparator, and a buffer circuit.

5. The driver circuit according to claim 1, wherein the switch is a transistor.

6. The driver circuit according to claim 1, wherein the transistor includes a

semiconductor layer formed using an oxide semiconductor layer.

7. A display device comprising the driver circuit according to claim 1.

8. The display device according to claim 7, wherein the display device is

incorporated in one of a camera and a computer.
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