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DESCRIPTION

DRIVER CIRCUIT, DISPLAYDEVICE INCLUDING THE DRIVER CIRCUIT,
AND ELECTRONIC DEVICE INCLUDING THE DISPLAY DEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a driver circuit. The present invention also

relates to a display device including the driver circuit, and an electronic device

including the display device.

BACKGROUND ART

[0002]

As large display devices such as liquid crystal televisions become widespread,

higher added value is required for display devices and development thereof has been

proceeded. 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 Patent Document 1 is

given.

[Reference]

[0004]

[Patent Document 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, the transistor might become a depletion (also



referred to as normally-on) transistor due to change in the threshold voltage, or the like.

In the case of using the normally-on transistor, there are problems in that an increase in

the power consumption and malfunction such as an abnormal output signal are caused

by a leakage current from the transistor.

[0006]

The degree of change in the threshold voltage varies among substrates in some

cases. In circuit design where countermeasures against the case where the transistors

become normally-on transistors are taken in advance, there might be a problem in that it

is difficult to take countermeasures against the variations. Therefore, it is necessary to

employ circuit design of a driver circuit with which an increase in the power

consumption and malfunction are not caused regardless of the degree of change in the

threshold voltage at which a thin film transistor is normally on.

[0007]

As an example of a thin film transistor whose threshold voltage can be

controlled, an element which includes at least the following four terminals is given: a

first gate terminal (referred to as a first gate); a second gate terminal (referred to as a

second gate); a drain terminal (also referred to as a drain); and a source terminal (also

referred to as a source). A thin film transistor including the four terminals has a

channel region between a drain region and a source region, and current can flow

between the drain region and the source region through the channel region. In the thin

film transistor including the four terminals, the first gate and the second gate are

disposed above and below the channel region. A signal (also referred to as a first

signal) for controlling switching of conduction and non-conduction of the thin film

transistor is supplied to the first gate. A signal (also referred to as a second signal) for

controlling the threshold voltage of the thin film transistor is supplied to the second

gate.

[0008]

In the thin film transistor including the four terminals, a terminal connected to

a wiring for supplying a high power supply potential Vdd is described as a drain

terminal and a terminal connected to a wiring for supplying a low power supply

potential Vss is described as a source terminal in some cases. The source terminal is

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



this specification. The signals supplied to the first gate and the second gate may be

reversed. That is, the first signal may be supplied to the second gate and the second

signal may be supplied to the first gate.

[0009]

FIG 8A is a cross-sectional view illustrating an example of a structure of the

thin film transistor including the four terminals. As illustrated in FIG 8A, a thin film

transistor 900 is formed as follows: a first gate 901 is provided over a substrate 907; a

gate insulating film 902 is provided over the first gate 901; an oxide semiconductor film

903 is provided over the gate insulating film 902; a source terminal 904A and a drain

terminal 904B which are formed using a conductive film are provided to cover part of

the oxide semiconductor film 903; an insulating layer 905 is provided to cover the oxide

semiconductor film 903, the source terminal 904A, and the drain terminal 904B; and a

second gate 906 is provided over the insulating layer 905.

[0010]

FIG 8B illustrates a circuit symbol of the thin film transistor 900 illustrated in

FIG 8A in which the first gate 901 and the second gate 906 are disposed above and

below a channel region. As illustrated in FIG 8B, the thin film transistor 900 includes

the first gate 901, the second gate 906, the source terminal 904A, and the drain terminal

904B. In the thin film transistor 900, a first signal Gl for controlling switching of

conduction and non-conduction between the source terminal 904A and the drain

terminal 904B is inputted to the first gate 901, and a second signal G2 for controlling

the threshold voltage of the thin film transistor is inputted to the second gate 906.

Note that the symbol of the thin film transistor 900 illustrated in FIG 8B represents a

thin film transistor which is controlled by four terminals.

[0011]

The first signal Gl is a signal which performs electric control (switching)

between the source terminal 904A and the drain terminal 904B. The second signal G2

is a signal which controls the threshold voltage of the thin film transistor. In an

n-channel transistor, the second signal G2 serves as a signal which changes a depletion

(normally-on) transistor into an enhancement (normally-off) transistor by application of

a negative voltage. Note that the second signal G2 is also referred to as a back-gate

voltage Vbg below.



[0012]

FIG 9 is a graph illustrating relations between a drain current Id and a gate

voltage Vg of the n-channel thin film transistor illustrated in FIGS. 8A and 8B. A

curve 911 in FIG 9 shows the relation in the case of a depletion transistor. Even when

the voltage applied to the first gate by the first signal Gl is 0 V, the drain current Id

flows. In a circuit formed using a plurality of thin film transistors such as a driver

circuit, even when the voltage applied to the first gate is 0 V, that is, even when the

driver circuit is not driven, flowing current is accumulated, leading to an increase in the

power consumption which cannot be ignored. On the other hand, when a negative

voltage is applied to the back gate, the curve 911 is shifted toward the positive side, as

shown by a curve 912 in FIG 9, so that the transistor can be an enhancement transistor.

In the enhancement transistor, when the voltage applied to the first gate by the first

signal Gl is 0 V, the drain current Id is small; therefore, the power consumption of the

driver circuit can be reduced. However, in the case where the curve 911 is shifted

toward the positive side, as shown by a curve 913, by making the back-gate voltage Vbg

larger in a negative direction, when the thin film transistor is made conductive by the

first signal, it is necessary to apply a higher voltage to the first gate. Accordingly, an

increase in the power consumption is caused. Moreover, the driver circuit

malfunctions in some cases.

[0013]

FIG 10 illustrates a bootstrap-type inverter circuit formed using a plurality of

n-channel transistors as an example of a circuit included in the driver circuit. The

inverter circuit illustrated in FIG 10 includes a thin film transistor 921, a thin film

transistor 922, a thin film transistor 923, a thin film transistor 924, and a capacitor 925.

A wiring 926 supplies the high power supply potential Vdd and a wiring 927 supplies

the low power supply potential Vss. Second gates of the thin film transistors 921 to

924 are connected to a wiring 928 for supplying the back-gate voltage Vbg. An input

signal In serving as the first signal is supplied to first gates of the thin film transistors

921 and 923. An output signal Out is outputted from a node at which the thin film

transistor 924 and the thin film transistor 923 are connected to each other.

[0014]

As described with reference to FIG 9, in the case where a depletion transistor is



included in the inverter circuit illustrated in FIG 10, the wiring 926 and the wiring 927

are brought into conduction; thus, a large amount of leakage current flows. Even when

the back-gate voltage is applied to each of the thin film transistors so that the transistors

becomes enhancement transistors and the leakage current is reduced, depending on the

voltage of the input signal In, the thin film transistor 921 and the thin film transistor 923

are not turned on and malfunctions are caused. Further, when the voltage of the input

signal In is high, the power consumption is increased.

[0015]

An object of one embodiment of the present invention is, when a thin film

transistor whose channel is formed using an amorphous semiconductor is used for a

driver circuit formed using only n-channel transistors or p-channel transistors, to

provide a driver circuit in which the threshold voltage is compensated in accordance

with the degree of change in the threshold voltage at which the transistor becomes a

depletion transistor; thus, an increase in the power consumption and malfunctions can

be suppressed.

[0016]

One embodiment of the present invention is a driver circuit which includes a

unipolar transistor including a first gate and a second gate disposed above and below a

semiconductor layer with insulating layers provided therebetween. In the driver circuit,

a first signal for controlling switching of the transistor is inputted to the first gate and a

second signal for controlling a threshold voltage of the transistor is inputted to the

second gate. The second signal is controlled in accordance with a value of current

consumption including a current which flows between a source and a drain of the

transistor.

[0017]

According to one embodiment of the present invention, a driver circuit

described as follows can be provided: the threshold voltage is compensated in

accordance with the degree of change in the threshold voltage so that an increase in the

power consumption and malfunctions can be suppressed when a thin film transistor that

can become a depletion transistor is used for a driver circuit formed using only

n-channel transistors or p-channel transistors.

[0018]



Note that a "unipolar circuit" in this specification refers to a circuit including

transistor elements which have the same conductivity type. Specifically, the "unipolar

circuit" in this specification refers to a circuit including n-channel transistors or a circuit

including p-channel transistors.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

In the accompanying drawings:

FIG 1 is a block diagram illustrating an example of a display device;

FIG 2 is a flow chart of setting operations based on change in a current value

(a voltage value) of a back-gate voltage;

FIGS. 3A to 3C are diagrams illustrating an example of a circuit included in a

shift register circuit;

FIG 4 is an example of a timing chart of a shift register;

FIG 5 is a cross-sectional view illustrating an example of a display device;

FIG 6A is a block diagram illustrating an example of a signal line driver (a

source driver) circuit and FIG 6B is an example of a timing chart thereof;

FIGS. 7A to 7C are views each illustrating an example of a display device;

FIG 8A is a cross-sectional view illustrating an example of a thin film

transistor and FIG 8B is an example of a circuit symbol thereof;

FIG 9 is a graph illustrating relations between Id-Vg characteristics and a

back-gate voltage Vbg of a thin film transistor;

FIG 10 is a circuit diagram illustrating a bootstrap type inverter circuit in

which unipolar (n-channel) transistors are used; and

FIG 11 is a graph illustrating relations between a back-gate voltage and current

consumption.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020]

Hereinafter, embodiments and an example 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 and the example. Note that in structures of the present invention

described below, reference numerals denoting the same portions are used in common in

different drawings.

[0021]

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.

[0022]

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

'W-th" (N is a natural number) are used in order to avoid confusion among components

and do not limit the number of the components.

[0023]

(Embodiment 1)

In this embodiment, a block diagram of circuits near a driver circuit will be

described. FIG 1 illustrates an example of a driver circuit of a display device.

[0024]

A driver circuit 100 in this embodiment includes a display portion driver circuit

101 and a control circuit 102.

[0025]

The display portion driver circuit 101 includes a gate line driver circuit 103A

and a signal line driver circuit 103B, for example. The gate line driver circuit 103A

and the signal line driver circuit 103B are each a driver circuit which drives a display

portion 104 including a plurality of pixels. The gate line driver circuit 103A, the

signal line driver circuit 103B, and the display portion 104 are formed using thin film

transistors which are formed over a substrate 105.

[0026]

Note that the thin film transistors included in the gate line driver circuit 103A,



the signal line driver circuit 103B, and the display portion 104 are unipolar transistors,

specifically, n-channel thin film transistors. As an n-channel thin film transistor, it is

preferable to use a thin film transistor in which an oxide semiconductor is used for a

semiconductor layer. An oxide semiconductor is used for a semiconductor layer of a

thin film transistor, so that the field effect mobility can be increased as compared with a

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

(ZnO) or tin oxide (Sn0 2) can be used as the oxide semiconductor, for example.

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

[0027]

As the oxide semiconductor, a thin film represented by In 0 3 (ZnO)* x > 0)

can be used. Note that M represents one or more metal elements selected from gallium

(Ga), iron (Fe), nickel (Ni), manganese (Mn), and 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.

[0028]

As the oxide semiconductor film (In 0 3 (ZnO)* ( > 0) film), an InM03(ZnO)*

( > 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.

[0029]

The gate line driver circuit 103A and the signal line driver circuit 103B include

unipolar transistors. The unipolar transistor includes the first gate and the second gate.



The first gate is disposed below a semiconductor layer with an insulating layer provided

therebetween, and the second gate is disposed above the semiconductor layer with an

insulating layer provided therebetween, as described in FIG 8A. Note that the

positions of the first gate and the second gate may be reversed.

[0030]

A transistor included in a driver circuit described in this specification is an

element including at least four terminals of the first gate, the second gate, the drain, and

the source as shown in FIG. 8A, and current can flow between the drain and the source

through the channel region. A first signal inputted to the first gate is a signal for

controlling switching of the transistor. A second signal inputted to the second gate is a

signal for controlling the threshold voltage of the transistor. Note that the second

signal is referred to as a back-gate voltage Vbg in some cases.

[0031]

The control circuit 102 supplies a signal for controlling the display portion

driver circuit 101. The display portion driver circuit 101 is driven so as to perform

display in the display portion 104. The control circuit 102 includes a signal generation

circuit 106 and a back-gate voltage control circuit 107. The signal generation circuit

106 outputs signals for performing panel display in the display portion 104 through the

display portion driver circuit 101. The back-gate voltage control circuit 107 controls

the threshold voltage of unipolar transistors included in the display portion driver

circuit.

[0032]

The signal generation circuit 106 outputs pulse signals for performing panel

display in the display portion 104 to the display portion driver circuit 101 via wirings.

The pulse signals pass through the gate line driver circuit 103A and the signal line

driver circuit 103B and outputted to the display portion 104. Specifically, the signal

generation circuit 106 operates as follows: the high power supply potential Vdd and the

low power supply potential Vss, which are power supply voltages, are supplied to the

gate line driver circuit 103A and the signal line driver circuit 103B: a start pulse SP and

a clock signal CK for a gate line driver circuit are generated and outputted to the gate

line driver circuit 103A and/or a start pulse SP and a clock signal CK for a signal line

driver circuit are generated and outputted to the signal line driver circuit 103B. Note



that the signal generation circuit 106 may generate another signal such as an image

signal or a latch signal.

[0033]

The back-gate voltage control circuit 107 includes a current value detection

circuit 108, a judgment circuit 109, a correction voltage memory circuit 110, and a

correction voltage output circuit 111.

[0034]

In the current value detection circuit 108, the current value is measured and

outputted to the judgment circuit 109 every given period. The measurement in the

current value detection circuit 108 is not limited to the current value, and voltage values

of both terminals of constant-value resistors which are connected in series in the current

value detection circuit 108 may be detected. The structure in which a wiring for

supplying power supply potentials (Vdd, Vss) and a wiring for supplying a clock signal

and a start pulse are connected to the current value detection circuit 108 is illustrated;

however, the structure of the current value detection circuit 108 is not limited thereto.

For example, only the wiring for supplying a power supply potential may be provided

with the current value detection circuit 108. The power supply potential is a signal of

a direct current, and thus, an increase in the current value due to a leakage current is

easily detected, which is preferable.

[0035]

The timing when back-gate voltage setting treatment starts, that is, a period of

time (also referred to as a current value measurement period) when the current value or

the voltage value is measured in the current value detection circuit 108, may be after the

power of the driver circuit 100 is supplied, or may be every given period while the

driver circuit 100 operates.

[0036]

The judgment circuit 109 judges weather the strength X of the current value or

the voltage value measured in the current value detection circuit 108 is smaller than the

strength A of the reference value set in advance. In the case where the strength X is

larger than the strength , at the value of the back-gate voltage Vbg in the current value

measurement period, the current which flows between the source and the drain of the

transistor included in the driver circuit is large, the Id-Vg characteristics of a plurality of



unipolar transistors included in the driver circuit are normally-on, the current

consumption including the current which flows between the source and the drain of the

transistor included in the display portion driver circuit 101 is large.

[0037]

Note that although the strength X is expressed using the current value or the

voltage value in this embodiment, the strength X expressed using another physical value

may be compared with the strengths of the reference value.

[0038]

A decrease in current consumption can occur in the case where the switching of

the transistor is not performed. For example, when the back-gate voltage is made

extremely low and applied to the second gate, the current consumption is decreased and

the desired pulse wave pattern cannot be obtained. Thus, when the back-gate voltage

is set, a sufficiently high voltage, for example, a voltage at which a transistor becomes

surely a depletion transistor, is preferably applied as the initial value of the back-gate

voltage when the back-gate voltage setting treatment starts. As described above, the

initial value of the back-gate voltage in the n-channel transistor is set at a sufficiently

high, so that the back-gate voltage can be set at which the operation of the transistor can

be more stable even when the normal operation is difficult because the transistor has

been an enhancement transistor whose threshold voltage is extremely shifted toward the

high potential side.

[0039]

The correction voltage memory circuit 110 is a circuit for setting the back-gate

voltage Vbg. The correction voltage memory circuit 110 sets and stores the level of a

voltage outputted as the back-gate voltage Vbg from the correction voltage output

circuit 111 on the basis of the judgment result of the judgment circuit 109. Specifically,

in the case where the result of the judgment circuit 109 is that the strength X ≥ the

strength A , the value in which Vstep which is set in advance is added to the value of

Vbg, that is, the value of Vbg- Vstep, is stored as a new value of Vbg. On the other

hand, in the case where the result of the judgment circuit 109 is that the strength X < the

strength A , the value of Vbg in this setting treatment is stored and the operation of

setting treatment of Vbg is finished.



[0040]

Then, the value of the back-gate voltage Vbg stored in the correction voltage

memory circuit 110 is outputted from the correction voltage output circuit 111 as the

back-gate voltage Vbg. In other words, in the period of time expect the back-gate

voltage setting treatment period, a constant back-gate voltage Vbg is continuously

outputted from the correction voltage output circuit 111 on the basis of the value of the

back-gate voltage Vbg stored in the correction voltage memory circuit 110.

[0041]

The correction voltage memory circuit 110 preferably includes a nonvolatile

memory device. When the power supply is not supplied, the back-gate voltage Vbg

stored in the correction voltage memory circuit 110 is stored in the nonvolatile memory

device; thus, the back-gate voltage Vbg with the same value as that before the power

supply is not supplied can be outputted from the collection voltage output circuit 111.

Accordingly, when the power supply of the driver circuit 100 is turned on, the back-gate

voltage Vbg can be outputted immediately, without the back-gate voltage setting

treatment.

[0042]

It is preferable that the signal generation circuit 106 and the back-gate voltage

control circuit 107 be formed using transistors formed over a substrate which is not the

substrate over which the gate line driver circuit 103A, the signal line driver circuit 103B,

and the display portion 104 are formed. As an example, transistors formed using a

single-crystal semiconductor are preferably used for the signal generation circuit 106

and the back-gate voltage control circuit 107. The shift of the threshold voltage of a

transistor formed using a single-crystal semiconductor is small; thus, malfunctions

hardly occur and a stable signal can be outputted.

[0043]

Note that the high power supply potential refers to a signal having a potential

which is higher than a reference potential, and the low power supply potential refers to a

signal having a potential which is lower than or equal to the reference potential. It is

preferable that the high power supply potential and the low power supply potential be

each a potential at which a transistor can operate and deterioration, breakdown, or

power consumption does not matter. The reference potential refers to a ground



1

potential GND, or the like.

[0044]

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.

[0045]

The operation of the back-gate voltage control circuit 107 in the driver circuit

illustrated in FIG 1 will be described with reference to a flow chart illustrated in FIG 2.

Further, the driver circuit in this embodiment with less power consumption and less

malfunctions will be described even in the case where the transistors included in the

driver circuit have variations in normally-on state.

[0046]

First, the power supply voltage is applied to the display portion driver circuit

and the back-gate voltage Vbg is applied to the second gate (FIG 2, a step 201). The

initial value of the back-gate voltage Vbg applied to the second gate may be set in the

correction voltage memory circuit 110 illustrated in FIG 1 in advance. Alternatively,

the back-gate voltage Vbg which is stored in the correction voltage memory circuit 110

when the power supply is not supplied may be outputted as it is. The back-gate

voltage Vbg is applied from the correction voltage output circuit 111 illustrated in FIG

1 to the second gate of the transistor included in the driver circuit.

[0047]

Next, in the current value detection circuit 108 in the back-gate voltage control

circuit 107 illustrated in FIG 1, the level of the current flowing through a wiring

supplied from the signal generation circuit 106 or the level of voltages of both terminals

of constant-value resistors which are connected in series is measured (FIG 2, a step

202). As described above, when the transistor is a depletion transistor, the current

value (or the voltage value) which is detected in the current value detection circuit is

large as compared with an enhancement transistor.

[0048]

Then, in the judgment circuit 109 illustrated in FIG 1, it is judged that weather

the strength X of the current value or the voltage value is smaller than the strength A of



the reference value or not (FIG 2, a step 203). At this time, in the case where the

transistor becomes an enhancement transistor by the application of the back-gate

voltage Vbg in the step 201 and the strength X of the current value or the voltage value

is smaller than the strength A of the reference value, it is judged that the current

consumption including the leakage current which flows through the transistor is small;

therefore, the value of the back-gate voltage Vbg in this setting treatment is stored in the

correction voltage memory circuit 110.

[0049]

On the other hand, in the judgment circuit 109, in the case where the strength Y

of the current value or the voltage value is larger than or equal to the strength A of the

reference value, it is judged that the current consumption including the leakage current

which flows through the transistor included in the display portion driver circuit 101 is

large. In that case, the value in which Vstep which is set in advance is added to the

back-gate voltage, that is, the value of Vbg- Vstep is set as a new value of Vbg and

applied to the second gate (FIG 2, a step 204).

[0050]

The level of Vstep for setting the back-gate voltage Vbg is set in accordance

with the number of successive operations for setting the back-gate voltage Vbg.

[0051]

Next, in a manner similar to that in the step 202, in the current value detection

circuit 108 in the back-gate voltage control circuit 107 illustrated in FIG 1, the level of

the current or the level of the voltage supplied via a wiring from the signal generation

circuit 106 is measured (FIG 2, a step 205).

[0052]

Then, in a manner similar to that in the step 203, in the judgment circuit 109

illustrated in FIG 1, judgment weather the current value or the voltage value is smaller

than the reference value or not is performed (FIG 2, a step 206). At this time, in the

case where the transistor becomes an enhancement transistor by the application of the

back-gate voltage Vbg in the step 204 and the strength X of the current value or the

voltage value is smaller than the strength A of the reference value, it is judged that the

current consumption including the leakage current which flows through the transistor is

small; therefore, the value of the back-gate voltage Vbg in this setting treatment is



stored in the correction voltage memory circuit 110.

[0053]

In order to realize more stable normal operation of the driver circuit, it is

preferable that an extra voltage (a margin) set in advance be further added to the value

of the back-gate voltage Vbg which is judged to be decreased in the current

consumption and the value added with the extra voltage be stored in the correction

voltage memory circuit 110. In such a manner, in the case where the back-gate voltage

Vbg has the margin, even when the TFT characteristics are changed in some degree

because of long interval of the back-gate voltage setting treatment, the normal operation

can be realized with more certainty.

[0054]

In the judgment circuit 109 again, in the case where the strength X of the

current value or the voltage value is larger than or equal to the strength A of the

reference value, it is judged that the current consumption including the leakage current

which flows through the transistor included in the display portion driver circuit 101 is

large. In that case, the step is returned to the step 204 shown in FIG 2 and is followed

by the next step.

[0055]

According to the above operations, when a thin film transistor that can become

a depletion transistor is used for a driver circuit formed using only n-channel transistors

or p-channel transistors in the display portion driver circuit, the threshold voltage is

compensated in accordance with the degree of change in the threshold voltage, so that

an increase in the power consumption or malfunctions can be suppressed.

[0056]

Next, FIGS. 3A to 3C illustrate an example of a structure of a shift register

included in the display portion driver circuit.

[0057]

A shift register illustrated in FIG 3A includes first to N -th pulse output circuits

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

pulse output circuits 10_1 to 10_N in the shift register illustrated in FIG 3A, a first

clock signal CK1, 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

inputted 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 N), a signal from a pulse output circuit of the

preceding stage (such a signal is referred to as a preceding-stage signal OUT(rc-l)) is

inputted. 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 inputted. Similarly, to the n-t 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 inputted. Therefore, from the pulse output

circuits of the respective stages, first output signals OUT(l)(SR) to OUT(JV)(SR) to be

inputted 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 electrically

connected to different wirings or the like are outputted. Further, the back-gate voltage

Vbg is supplied from the back-gate voltage control circuit 107 via a sixth wiring 16 to

the pulse output circuits of the respective stages. Note that since the subsequent-stage

signal OUT(n+2) is not inputted to the last two stages of the shift register as illustrated

in FIG 3A, a second start pulse SP2 and a third start pulse SP3 may be inputted from a

seventh wiring 17 and an eighth wiring 18, respectively, to the corresponding last two

stages, for example. Alternatively, signals may be generated inside. For example, a

(n+l)th pulse output circuit 10_(n+l) and a (n+2)th pulse output circuit 10_(ra+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.

[0058]

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. 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 inputted, and the clock signal is referred to as CK in the following

description.

[0059]

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.

[0060]

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 3B).

[0061]

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. 3A and 3B, 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.

[0062]

In the first pulse output circuit 10_1 in FIGS. 3A and 3B, a start pulse is

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

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



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

output terminal 27; and the back-gate voltage Vbg is inputted from the sixth input

terminal 28.

[0063]

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

described with reference to FIG 3C.

[0064]

In FIG 3C, a first terminal of a first transistor 31 is electrically connected to a

wiring 51. A second terminal of the first transistor 31 is electrically connected to a

first terminal of a ninth transistor 39. A gate electrode of the first transistor 31 is

electrically connected to a fourth input terminal 24. A first terminal of a second

transistor 32 is electrically connected to a power supply line 53. A second terminal of

the second transistor 32 is electrically connected to the first terminal of the ninth

transistor 39. A gate electrode of the second transistor 32 is electrically connected to a

gate electrode of a fourth transistor 34. A first terminal of a third transistor 33 is

electrically connected to a first input terminal 21. A second terminal of the third

transistor 33 is electrically connected to a first output terminal 26. A first terminal of

the fourth transistor 34 is electrically connected to the power supply line 53. A second

terminal of the fourth transistor 34 is electrically connected to the first output terminal

26. A first terminal of a fifth transistor 35 is electrically connected to the power supply

line 53. A second terminal of the fifth transistor 35 is electrically connected to the gate

electrode of the second transistor 32 and the gate electrode of the fourth transistor 34.

A gate electrode of the fifth transistor 35 is electrically connected to the fourth input

terminal 24. A first terminal of a sixth transistor 36 is electrically connected to the

wiring 51. A second terminal of the sixth transistor 36 is electrically connected to the

gate electrode of the second transistor 32 and the gate electrode of the fourth transistor

34, and gate electrode of the sixth transistor 36 is electrically connected to the fifth input

terminal 25. A first terminal of a seventh transistor 37 is electrically connected to the

wiring 51. A second terminal of the seventh transistor 37 is electrically connected to a

second terminal of an eighth transistor 38. A gate electrode of the seventh transistor

37 is electrically connected to the third input terminal 23. A first terminal of the eighth

transistor 38 is electrically connected to the gate electrode of the second transistor 32



and the gate electrode of the fourth transistor 34. A gate electrode of the eighth

transistor 38 is electrically connected to the second input terminal 22. The first

terminal of the ninth transistor 39 is electrically connected to the second terminal of the

first transistor 31 and the second terminal of the second transistor 32. A second

terminal of the ninth transistor 39 is electrically connected to a gate electrode of the

third transistor 33 and a gate electrode of a tenth transistor 40. A gate electrode of the

ninth transistor 39 is electrically connected to the wiring 51. A first terminal of the

tenth transistor 40 is electrically connected to the first input terminal 21. A second

terminal of the tenth transistor 40 is electrically connected to the second output terminal

27. The gate electrode of the tenth transistor 40 is electrically connected to the second

terminal of the ninth transistor 39. A first terminal of an eleventh transistor 41 is

electrically connected to the power supply line 53. A second terminal of the eleventh

transistor 41 is electrically connected to the second output terminal 27. A gate

electrode of the eleventh transistor 41 is electrically connected to the gate electrode of

the second transistor 32 and the gate electrode of the fourth transistor 34. Second

gates of the first to eleventh transistors 31 to 41 are electrically connected to a wiring 52

for supplying the back-gate voltage Vbg.

[0065]

In FIG 3C, a connection point of the gate electrode of the third transistor 33,

the gate electrode of the tenth transistor 40, and the second terminal of the ninth

transistor 39 is referred to as a node NA. Further, a connection point of the gate

electrode of the second transistor 32, the gate electrode of the fourth transistor 34, the

second terminal of the fifth transistor 35, the second terminal of the sixth transistor 36,

the first terminal of the eighth transistor 38, and the gate electrode of the eleventh

transistor 41 is referred to as a node NB.

[0066]

In the case where the pulse output circuit in FIG 3C is the first pulse output

circuit 10 1, the first clock signal CK1 is inputted to the first input terminal 21; the

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

signal CK3 is inputted to the third input terminal 23; the start pulse SP is inputted to the

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

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



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

terminal 27; and a judgment signal JS is inputted to the sixth input terminal 28.

[0067]

FIG 4 illustrates a timing chart of a shift register including a plurality of pulse

output circuits illustrated in FIG 3C. Note that when the shift register is included in a

scan line driver circuit, a period 61 in FIG 4 corresponds to a vertical retrace period and

a period 62 in FIG 4 corresponds to a gate selection period.

[0068]

When the transistor included in the driver circuit is a depletion transistor, the

wiring 51 and the wiring 53 are brought into conduction, leading to a leakage current.

In the driver circuit manufactured using a plurality of n-channel transistors illustrated in

FIGS. 3A to 3C and FIG 4 as an example, the power consumption due to such a leakage

current can be reduced by application of the back-gate voltage Vbg. Further, by the

application of the back-gate voltage Vbg, the thin film transistor can be an enhancement

transistor which does not interrupt the operation of the driver circuit, without being an

enhancement transistor whose threshold voltage is extremely shifted toward the high

potential side. Therefore, when a thin film transistor that can become a depletion

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

p-channel transistors in the display portion driver circuit, the threshold voltage is

compensated in accordance with the degree of change in the threshold voltage, so that

an increase in the power consumption or malfunctions can be suppressed.

[0069]

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

other embodiments as appropriate.

[0070]

(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 will be described with reference to FIG 5. Further, in this embodiment,

an example of a liquid crystal display device will be described as the display device;

however, the present invention can be used for another display device including a

light-emitting element such as an organic EL element or a driver circuit for an electronic



paper including an electrophoretic element. Note that the structure described in the

above embodiment can be applied to a different device such as a driver circuit for an

optical sensor, in addition to the driver circuit of the display device.

[0071]

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

invention is illustrated in FIG 5. In the liquid crystal display device in FIG 5, 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.

[0072]

In the thin film transistor 703 in the driver circuit portion, a semiconductor

layer 723 is provided over a gate electrode layer 721 and a gate insulating layer 722, an

oxide insulating layer 724 is provided over the semiconductor layer 723, and a

conductive layer 718 is provided over the oxide semiconductor layer 724. 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 721. In the pixel portion, a drain electrode

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

704.

[0073]

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, in the driver circuit of this embodiment, the

threshold voltage is compensated in accordance with the degree of change in the

threshold voltage; thus, an increase in the power consumption and malfunctions can be

suppressed.

[0074]

Note that although an example of a thin film transistor whose semiconductor

layer is formed using an oxide semiconductor in the thin film transistor of Embodiment

1 is described in this embodiment, in the structure described in Embodiment 1, the thin

film transistor that can become the depletion transistor included in the driver circuit has

the first gate and the second gate. 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.

[0075]

With the use of the driver circuit whose structure is the same or substantially

the same as that in Embodiment 1, when a thin film transistor that can become a

depletion transistor is used for a driver circuit formed using only n-channel transistors

or p-channel transistors in the display portion driver circuit, the threshold voltage is

compensated in accordance with the degree of change in the threshold voltage, so that

an increase in the power consumption or malfunctions can be suppressed.

[0076]

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

other embodiments as appropriate.

[0077]

(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 will



be 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.

[0078]

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 5602JV (N is a natural number). The switching circuits 5602_1 to 5602JV

each include a plurality of thin film transistors 5603_1 to 5603_£ k is a natural number).

An example where the thin film transistors 5603 1 to 5603_& are n-channel TFTs is

described below.

[0079]

A connection relation 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 film transistors 5603 1 to 5603_& are connected

to a wiring 5605 1.

[0080]

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 5605JV.

[0081]

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

between the wirings 5604 1 to 5604_ and the signal lines SI to Sk (electrical

continuity between the first terminal and the second terminal), that is, a function of

controlling whether potentials of the wiring 5604 1 to 5604 are supplied to the signal

lines SI to Sk. In this manner, the switching circuit 5602 1 functions as a selector.

In a similar manner, the thin film transistors 5603_1 to 5603 have functions of

controlling conduction states between the wirings 5604 1 to 5604 and the signal lines

SI to Sk, respectively, that is, functions of supplying potentials of the wirings 5604 1 to



5604 to the signal lines SI to Sk, respectively. In this manner, each of the thin film

transistors 5603_1 to 5603_& functions as a switch.

[0082]

The video signal data (DATA) is inputted to each of the wirings 5604 1 to

5604_£. The video signal data (DATA) is an analog signal corresponding to image

data or an image signal, in many cases.

[0083]

Next, the operation of the signal line driver circuit in FIG 6A is described with

reference to a timing chart in FIG 6B. FIG 6B 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 outputted 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.

[0084]

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 inputted to the wirings 5604 1 to 5604_k, respectively. The Data (SI) to Data

(Sk) are written to pixels in first to -th 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.

[0085]

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.

[0086]

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

circuit may include a shift register, a buffer, or the like. Additionally, the scan line

driver circuit may include a level shifter in some cases. In the scan line driver circuit,

when a clock signal (CLK) and a start pulse signal (SP) are inputted 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.

[0087]

The control circuit described in the above embodiment is employed in the

driver circuit in this embodiment, so that the threshold voltage is compensated in

accordance with the degree of change in the threshold voltage. Accordingly, an

increase in the power consumption or malfunctions can be suppressed.

[0088]

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

other embodiments as appropriate.

[0089]

(Embodiment 4)

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

device described in the above embodiment in a display portion will be described.

[0090]

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.

[0091]

FIG 7A illustrates a display, which include a housing 1011, a support 1012, and

a display portion 1013. The display illustrated in FIG 7A 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. 7A is not limited to having

this function. The display illustrated in FIG 7A can have a variety of functions.

[0092]

FIG 7B 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 7B has

a function of taking still images and may have a function of taking moving images.

Note that the camera illustrated in FIG. 7B is not limited to having these functions.

The camera illustrated in FIG 7B can have a variety of functions.

[0093]

FIG 7C 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 7C 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 7C is not limited to

having this function. The computer illustrated in FIG 7C can have a variety of

functions.

[0094]

The display device described in the above embodiment is used in the display

portion in this embodiment, so that the threshold voltage is compensated in accordance

with the degree of change in the threshold voltage. Accordingly, an increase in the

power consumption or malfunctions can be suppressed, which leads to an electronic

device with less power consumption and higher display quality.

[0095]
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This embodiment can be combined with any of the structures described in the

other embodiments as appropriate.

[Example]

[0096]

FIG 11 is a graph in which the horizontal axis represents the back-gate voltage

Vbg which applied to the second gate in the wiring connected to the driver circuit, and

the vertical axis represents the current consumption in the wirings for supplying the

high power supply potential Vdd and the low power supply potential Vss. In FIG 11,

the rhombuses represent the current consumption (hereinafter referred to as Isvdd) in the

wiring for supplying the high power supply potential, and the triangles represent the

current consumption (hereinafter referred to as Isvss) in the wiring for supplying the

low power supply potential. The structure of the driver circuit which supplies the high

power supply potential Vdd and the low power supply potential Vss in FIG 11

corresponds to the structure of the driver circuit illustrated in FIGS. 3Ato 3C.

[0097]

As shown in FIG 11, the current consumption is decreased as the back-gate

voltage Vbg is shifted toward the minus side smaller than 0 V. The Isvdd and the Isvss

are greatly decreased in the range of from - 3.5 V to - 2.0 V in FIG 11. The threshold

voltage of the transistor included in the driver circuit is shifted and the depletion

transistor is changed into the enhancement transistor, so that the current consumption is

decreased. When the transistor was changed into the enhancement transistor, the

leakage current was decreased. When the current consumption was checked with a

waveform of pulse output of the driver circuit, the driver circuit operated normally in

the range of from - 7.0 V to - 3.5 V (preferably - 6.0 V to - 4.0 V: the range denoted

by an arrow 1101 in FIG 11). In that case, in the back-gate voltage setting treatment

described in Embodiment 1 with reference to FIG 1 and FIG 2, the strength of the

reference valued is set in advance at 1.5 mA when the Isvdd is used, and set at 4.0 mA

when the Isvss is used. When the back-gate voltage Vbg is - 3.5 V, the strength X of

the current value is smaller than the strength A of the reference value; thus, the

back-gate voltage Vbg can be set at - 3.5 V.

[0098]



Note that the structure in which the decrease in the current consumption is

judged in the back-gate voltage setting treatment described in Embodiment 1 with

reference to FIG 1 and FIG 2 is described in this example; however, as seen from FIG

11, in order to realize the normal operation of the driver circuit with more certainty, it is

preferable that an extra voltage (a margin) of about - 1.5 V be added to the value of the

back-gate voltage Vbg that is judged that the current consumption is decreased so that

the back-gate voltage Vbg be - 5.0 V.

[0099]

As seen from FIG 11, when the application value of the back-gate voltage is

smaller than or equal to - 7.0 V, the current consumption is further decreased. The

decrease in the current consumption is caused by the transistor in which switching

cannot be performed. When the waveform of pulse output of the driver circuit was

checked, the desired pulse waveform was not obtained in the case where the application

value of the back-gate voltage is smaller than or equal to - 7.0 V. Accordingly, when

the back-gate voltage is set, it is preferable to apply a high voltage in advance, for

example, 0 V in the case of FIG 11, as an initial value of the back-gate voltage.

[0100]

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

embodiments as appropriate.

This application is based on Japanese Patent Application serial no. 2009-249631 filed

with Japan Patent Office on October 30, 2009, the entire contents of which are hereby

incorporated by reference.



CLAIMS

1. A driver circuit comprising:

a first transistor; and

a second transistor, the first transistor and the second transistor having a same

conductivity type and each comprising:

a first gate;

a first insulating layer over the first gate;

a semiconductor layer over the first insulating layer;

a second insulating layer over the semiconductor layer; and

a second gate over the second insulating layer,

wherein a first signal for controlling switching of at least one of the first

transistor and the second transistor is inputted to the first gate of at least one of the first

transistor and the second transistor,

wherein a second signal for controlling a threshold voltage of the first transistor

and the second transistor is inputted to the second gates of the first transistor and the

second transistor,

wherein the second signal is controlled in accordance with a value of current

consumption of the driver circuit, and

wherein the current consumption comprises a current which flows between

sources and drains of the first transistor and the second transistor.

2. The driver circuit according to claim 1,

wherein the first transistor and the second transistor are n-channel transistors.

3. The driver circuit according to claim 1,

wherein the first transistor and the second transistor are p-channel transistors.

4. The driver circuit according to claim 1,

wherein the second signal is supplied from a back-gate voltage control circuit

for compensating a level of a voltage applied to the second gates of the first transistor

and the second transistor in accordance with a degree of change in the value of the



current consumption.

5. The driver circuit according to claim 4, wherein the back-gate voltage

control circuit comprises:

a current value detection circuit, the current value detection circuit detecting

the value of the current consumption,

a correction voltage memory circuit, the correction voltage memory circuit

storing a voltage for compensation in accordance with the value of the current

consumption, and

a correction voltage output circuit, the correction voltage output circuit

outputting the voltage for the compensation to the second gates of the first transistor and

the second transistor.

6. The driver circuit according to claim 1,

wherein an oxide semiconductor is used for the semiconductor layer.

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

8. An electronic device comprising the display device according to claim 7.

9. A method for operating a driver circuit comprising a first transistor and a

second transistor each comprising a first gate and a second gate, said method

comprising:

inputting a first signal for controlling switching of at least one of the first

transistor and the second transistor to the first gate of at least one of the first transistor

and the second transistor; and

inputting a second signal for controlling a threshold voltage of the first

transistor and the second transistor to the second gates of the first transistor and the

second transistor,

wherein the second signal is controlled in accordance with a value of current

consumption of the driver circuit,

wherein the current consumption comprises a current which flows between



sources and drains of the first transistor and the second transistor

wherein the first transistor and the second transistor has a same conductivity

type.

10. The method for operating the driver circuit according to claim 9,

wherein the first transistor and the second transistor are n-channel transistors.

11. The method for operating the driver circuit according to claim 9,

wherein the first transistor and the second transistor are n-channel transistors.

12. The method for operating the driver circuit according to claim 9,

wherein the second signal is supplied from a back-gate voltage control circuit

for compensating a level of a voltage applied to the second gates of the first transistor

and the second transistor in accordance with a degree of change in the value of the

current consumption.

13. The method for operating the driver circuit according to claim 12,

wherein the back-gate voltage control circuit comprises a current value

detection circuit, a correction voltage memory circuit, and a correction voltage output

circuit,

wherein the current value detection circuit detects the value of the current

consumption,

wherein the correction voltage memory circuit stores a voltage for

compensation in accordance with the value of the current consumption, and

wherein the correction voltage output circuit outputs the voltage for the

compensation to the second gates of the first transistor and the second transistor.

14. The method for operating the driver circuit according to claim 9,

wherein a semiconductor layer used for forming the first transistor and the

second transistor is an oxide semiconductor layer.

15. The method for operating the driver circuit according to claim 9,



wherein a display device comprises the driver circuit.

16. The method for operating the driver circuit according to claim 15,

wherein an electronic device comprising the display device.

17. A method for controlling a threshold voltage of a first transistor and a

second transistor of a driver circuit each of the first transistor and the second transistor

comprising a first gate and a second gate, comprising:

inputting a power supply voltage to the driver circuit;

inputting a signal to the second gates of the first transistor and the second

transistor;

measuring a value of current consumption of the driver circuit; and

controlling the signal in accordance with the value of the current consumption,

wherein the current consumption comprises a current which flows between

sources and drains of the first transistor and the second transistor, and

wherein the first transistor and the second transistor has a same conductivity

type.

18. The method for controlling a threshold voltage of the first transistor and the

second transistor according to claim 17, '

wherein the first transistor and the second transistor are n-channel transistors.

19. The method for controlling a threshold voltage of the first transistor and the

second transistor according to claim 17,

wherein the first transistor and the second transistor are n-channel transistors.

20. The method for controlling a threshold voltage of the first transistor and the

second transistor according to claim 17,

wherein the signal is supplied from a back-gate voltage control circuit for

compensating a level of a voltage applied to the second gates of the first transistor and

the second transistor in accordance with a degree of change in a value of the current

consumption.



21. The method for controlling a threshold voltage of the first transistor and the

second transistor according to claim 20,

wherein the back-gate voltage control circuit comprises a current value

detection circuit, a correction voltage memory circuit, and a correction voltage output

circuit,

wherein the current value detection circuit detects the value of the current

consumption,

wherein the correction voltage memory circuit stores a voltage for

compensation in accordance with the value of the current consumption, and

wherein the correction voltage output circuit outputs the voltage for the

compensation to the second gates of the first transistor and the second transistor.

22. The method for controlling a threshold voltage of the first transistor and the

second transistor according to claim 17,

wherein a semiconductor layer used for forming the first transistor and the

second transistor is an oxide semiconductor layer.

23. The method for controlling a threshold voltage of the first transistor and the

second transistor according to claim 17,

wherein a display device comprises the driver circuit.

24. The method for controlling a threshold voltage of the first transistor and the

second transistor according to claim 23,

wherein an electronic device comprises the display device.
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