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(57) ABSTRACT

A liquid crystal material is prevented from being degraded by
avoltage to control the shift of the threshold voltage which is
applied to a back gate on the same conductive film as a pixel
electrode. A liquid crystal display device includes a pixel
circuit including a pixel electrode which applies an electric
field to a liquid crystal layer; and a driver circuit including a
transistor including a first gate and a second gate with a
semiconductor film interposed therebetween. The transistor
overlaps with the liquid crystal layer. A signal for controlling
on/off of the transistor is input to the first gate. A signal for
applying a first voltage is input to the second gate in a gate line
selection period. A signal for alternately applying the first
voltage and a second voltage is input to the second gate in a
vertical retrace period.
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METHOD FOR DRIVING LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device and a method for driving the liquid crystal display
device.

[0003] 2. Description of the Related Art

[0004] Liquid crystal display devices have been commod-
itized as a result of recent technological innovation, and
development thereof has been actively promoted for higher
value-added products.

[0005] One of the added values for liquid crystal display
devices is a reduced frame width around a display area, that is
so-called a slim border. The slim border can be achieved in
such a manner that transistors in a driver circuit are manufac-
tured over the same substrate as transistors in a pixel circuit in
the same process.

[0006] For a semiconductor layer of the transistor in the
driver circuit, an oxide semiconductor is preferably used
because of, for example, easy cost saving due to its produc-
tivity which is expected to be as high as that of amorphous
silicon. Disclosed in Patent Document 1 is the structure in
which transistors in a driver circuit are manufactured over the
same substrate as transistors in a pixel circuit in the same
process.

REFERENCE

Patent Document

[0007] [Patent Document 1] Japanese Published Patent
Application No. 2011-77503

SUMMARY OF THE INVENTION

[0008] The electrical characteristics of a transistor in a
driver circuit need to be less degraded than those of a transis-
tor in a pixel circuit. Specifically, in Patent Document 1, a
back gate is provided for the transistor in the driver circuit as
a countermeasure against degradation of electrical character-
istics, such as a shift of the threshold voltage.

[0009] InPatent Document 1, the back gate of the transistor
in the driver circuit is formed using the same conductive film
as a pixel electrode connected to the transistor in the pixel
circuit, so as to prevent an increase in the number of photo-
masks necessary for the production. The structure disclosed
in Patent Document 1, however, has a problem in that a liquid
crystal material on the back gate is degraded by a voltage
which is applied to the back gate to control the shift of the
threshold voltage.

[0010] In view of the above, an object of one embodiment
of the present invention is to provide a liquid crystal display
device in which a liquid crystal material is prevented from
being degraded by a voltage which is applied to a back gate
formed using the same conductive film as a pixel electrode
and which controls the shift of the threshold voltage, and to
provide a method for driving the liquid crystal display device.
[0011] One embodiment of the present invention is a
method for driving a liquid crystal display device including a
pixel circuit and a driver circuit. The pixel circuit includes a
pixel electrode which applies an electric field to a liquid
crystal layer. The driver circuit includes a transistor having a
first gate and a second gate which is formed using the same
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layer as the pixel electrode and faces the first gate with a
semiconductor film interposed therebetween, the transistor
overlapping with the liquid crystal layer. A signal for control-
ling the on/off of the transistor is input to the first gate. A
signal for applying a first voltage is input to the second gate in
a gate line selection period. A signal for alterately applying
the first voltage and a second voltage is input to the second
gate in a vertical retrace period.

[0012] One embodiment of the present invention is a
method for driving a liquid crystal display device including a
pixel circuit and a driver circuit. The pixel circuit includes a
pixel electrode which applies an electric field to a liquid
crystal layer. The driver circuit includes a transistor having a
first gate and a second gate which is formed using the same
layer as the pixel electrode and faces the first gate with a
semiconductor film interposed therebetween, the transistor
overlapping with the liquid crystal layer. A signal for control-
ling the on/off of the transistor is input to the first gate. A
signal for applying a first voltage is input to the second gate in
a gate line selection period. A signal for alternately applying
the first voltage and a second voltage is input to the second
gate in a vertical retrace period. In the vertical retrace period,
input of a clock signal to the driver circuit is stopped.
[0013] In the method for driving the liquid crystal display
device according to one embodiment of the present invention,
the first voltage is preferably a voltage which allows the
threshold voltage of the transistor to shift in the positive
direction.

[0014] In the method for driving the liquid crystal display
device according to one embodiment of the present invention,
the first voltage is preferably a ground voltage or alow power
source voltage, and the second voltage is preferably a high
power source voltage.

[0015] In the method for driving the liquid crystal display
device according to one embodiment of the present invention,
the semiconductor film is preferably an oxide semiconductor
film.

[0016] According to one embodiment of the present inven-
tion, it is possible to reduce degradation of a liquid crystal
material caused by a voltage which is applied to a back gate
formed using the same conductive film as a pixel electrode
and which controls the shift of the threshold voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In the accompanying drawings:

[0018] FIGS. 1A to 1C are respectively a cross-sectional
view, a circuit diagram, and a timing chart for explaining a
liquid crystal display device;

[0019] FIGS. 2A and 2B are timing charts for explaining a
liquid crystal display device;

[0020] FIGS.3A and 3B are block diagrams and FIG. 3C is
a circuit diagram, each showing a liquid crystal display
device;

[0021] FIG. 4is a timing chart for explaining a liquid crys-
tal display device;

[0022] FIGS.5A and 5B are circuit diagrams each showing
a liquid crystal display device;

[0023] FIG. 6A is a top view and FIGS. 6B and 6C are
cross-sectional views, each showing a liquid crystal display
device;

[0024] FIGS. 7A to 7C are respectively a block diagram, a
schematic view, and a cross-sectional view showing a liquid
crystal display device;
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[0025] FIGS. 8A to 8E are cross-sectional views showing a
liquid crystal element;

[0026] FIGS. 9A to 9C show electronic devices; and
[0027] FIGS. 10A to 10C show electronic devices.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings. Note that the present invention is not limited to the
description below, and it is easily understood by those skilled
in the art that modes and details of the present invention can
be modified in various ways. Accordingly, the present inven-
tion should not be construed as being limited to the descrip-
tion of the embodiments below.

[0029] Note that the size, the thickness of a layer, the wave-
form of a signal, and a region of each structure shown in the
drawings and the like in the embodiments are exaggerated for
simplicity in some cases. Therefore, embodiments of the
present invention are not limited to such scales.

[0030] The ordinal number such as first, second, third, and
N-th (N is a natural number) are used to avoid confusion
among components, and the terms do not limit the compo-
nents numerically.

[0031] In this specification, the term “parallel” indicates
that the angle between two straight lines is greater than or
equal to —10° and less than or equal to 10°, and accordingly
includes the case where the angle is greater than or equal to
-5° and less than or equal to 5°. In addition, the term “per-
pendicular” indicates that the angle between two straight
lines is greater than or equal to 80° and less than or equal to
100°, and accordingly includes the case where the angle is
greater than or equal to 85° and less than or equal to 95°.
[0032] In this specification, the trigonal and rhombohedral
crystal systems are included in the hexagonal crystal system.

Embodiment 1

[0033] In this embodiment, one mode of a liquid crystal
display device and one mode of a method for driving the
liquid crystal display device will be described with reference
to FIGS. 1A 1o 1C, FIGS. 2A and 2B, FIGS. 3A to 3C, FIG.
4, and FIGS. 5A and 5B.

[0034] Before the description of the method for driving the
liquid crystal display device according to this embodiment,
structures of a pixel circuit and a driver circuit included in the
liquid crystal display device will be described.

[0035] FIG. 1A is an example of a cross-sectional view of
transistors included in a pixel circuit and a driver circuit of the
liquid crystal display device.

[0036] InFIG. 1A, a transistor 104 over a substrate 103 is
shown in part of a cross-sectional view of a pixel circuit 101,
and a transistor 105 over the substrate 103 is shown in part of
across-sectional view of a driver circuit 102. A substrate 106
is provided so as to face the substrate 103. A liquid crystal
layer 107 is provided between the substrate 103 and the
substrate 106.

[0037] The transistors 104 and 105 over the substrate 103
each include a conductive film 108 serving as a gate (also
referred to as a first gate), an insulating film 109 serving as a
gate insulating film, a semiconductor film 110, and a conduc-
tive film 111 serving as a source or a drain.

[0038] Insulating films 112 serving as interlayer insulating
films are provided over the transistors 104 and 105. Note that
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the insulating films 112 may include stacked films serving as
barrier layers which prevent external impurities from entering
the transistors 104 and 105.

[0039] Overtheinsulating films 112 in the pixel circuit 101,
a conductive film 113 serving as a pixel electrode (also
referred to as a first electrode) is provided to be connected to
the conductive film 111 in the transistor 104 through an
opening. Over the insulating films 112 in the driver circut
102, a conductive film 114 serving as a back gate (also
referred to as a second gate) of the transistor 105 in the driver
circuit 102 is provided. An insulating film 116 serving as an
alignment film of the liquid crystal layer is provided over the
conductive films 113 and 114.

[0040] In the transistor 105, the conductive film 108 serv-
ing as the first gate faces the conductive film 114 serving as
the second gate with the semiconductor film 110 interposed
therebetween.

[0041] In the structure of one embodiment of the present
invention, the transistor 105 in the driver circuit 102 includes
aback gate. When the back gate 1s provided for the transistor
105 in the driver circuit 102 and a voltage applied to the
conductive film 114 serving as the back gate is controlled, the
threshold voltage of the transistor can be controlled to a
desired value. Hence, the reliability of the liquid crystal dis-
play device can be further improved by the control of thresh-
old voltage using the back gate.

[0042] In the transistor 105 in the driver circuit 102, the
control of threshold voltage using the back gate is important
because variation in the electrical characteristics of the tran-
sistor 105 might cause malfunction which significantly
affects the display quality.

[0043] Note that as shown in FIG. 1A, the conductive films
113 and 114 are formed using the same layer. Accordingly,
the conductive films 113 and 114 can be formed by process-
ing one conductive film to a desired shape by etching or the
like. As a result, the conductive film 114 serving as the back
gate can be obtained without increasing the number of pho-
tomasks and thus without increasing the number of manufac-
turing steps of the liquid crystal display device.

[0044] In FIG. 1A, the conductive film 108, the insulating
film 109, the semiconductor film 110, the conductive film
111, and the insulating films 112 each are a single-layer film;
however, they may each be a multi-layer film.

[0045] A conductive film 115 (also referred to as a second
electrode) is provided on the substrate 106 in the pixel circuit
101. A liquid crystal element can be formed by the conductive
film 113, the conductive film 115, and the liquid crystal layer
107 interposed therebetween. The liquid crystal layer 107
controls light from a backlight in response to an electric field
generated by a voltage applied between the conductive films
113 and 115. Note that the conductive film 115 serving as the
second electrode of the liquid crystal element is not necessar-
ily provided on the substrate 106, and may be provided on the
substrate 103 or on both the substrate 103 and the substrate
106. An insulating film 117 serving as an alignment film of
the liquid crystal layer is provided on the conductive film 115.
[0046] Note that the liquid crystal layer 107 is provided
inside a sealing member for sealing a liquid crystal material.
The sealing member is provided outside the pixel circuit 101
and the driver circuit 102. Accordingly, as shown in FIG. 1A,
the liquid crystal layer 107 is provided to cover the pixel
circuit 101 included in the liquid crystal element and the
driver circuit 102, and the transistor 105 in the driver circuit
102 overlaps with the liquid crystal layer 107.
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[0047] Before the description of the method for driving the
liquid crystal display device according to this embodiment,
description will be made on signals transmitted to the pixel
circuit and the driver circuit in the liquid crystal display
device.

[0048] FIG. 1B is an example of a circuit diagram of a pixel
including the transistor 104 in the pixel circuit 101 shown in
FIG. 1A and a circuit diagram including the transistor 105 in
the driver circuit 102 shown in FIG. 1A.

[0049] Note that in the description of this embodiment, a
gate line driver circuit is particularly shown as the driver
circuit 102. Note that a transistor in a data line driver circuit
may be manufactured over the same substrate as the transistor
in the gate line driver circuit in the same process.

[0050] A pixel 121 inthe pixel circuit 101 showninFIG. 1B
includes the transistor 104, a capacitor 122, and a liquid
crystal element 123. A gate of the transistor 104 is connected
to a gate line 124, and one of a source and a drain of the
transistor 104 is connected to a data line 125. The other of the
source and the drain of the transistor 104 is connected to one
electrode of the capacitor 122 and a first electrode of the
liquid crystal element 123. The other electrode of the capaci-
tor 122 is connected to a capacitor line. A second electrode of
the liquid crystal element 123 is connected to a common line
supplying a common voltage Vcom.

[0051] Inthe driver circuit 102 shown in FIG. 1B, which is
a gate line driver circuit, a shift register can be formed by
combining a plurality of transistors 105. From the shift reg-
ister, scan signals Goutl to GoutM (M is a natural number)
are sequentially output to M gate lines 124. The shift register
is supplied with a gate line clock signal GCLK, a gate line
start pulse GSP, a threshold voltage control signal Svth, a high
power source voltage VDD, and a low power source voltage
VSS.

[0052] The transistor 105 in the driver circuit 102 shown in
FIG. 1B can be represented by a four-terminal element, spe-
cifically, by acircuit symbol with a first gate G1, a second gate
G2 serving as a back gate, a source S, and a drain D as shown
in FIG. 1B.

[0053] The first gate G, the source S, and the drain D are
connected to any of wirings supplying the gate line clock
signal GCLK, the gate line start pulse GSP, and the high
power source voltage VDD or the low power source voltage
VSS, or any of the first gate G1, the source S, and the drain D
of another transistor 105. The transistor is switched on or off
in response to a signal input to the first gate G1 from the
wiring connected thereto.

[0054] Note that in response to the gate line clock signal
GCLK and the gate line start pulse GSP, scan signals are
output from the shift register in the driver circuit 102. The gate
line clock signal GCLK may be plural signals having differ-
ent phases. The high power source voltage VDD and the low
power source voltage VSS supply a power source voltage to
the driver circuit.

[0055] The second gate G2 is connected to a wiring sup-
plying the threshold voltage control signal Svth. In a period
during which a scan signal is output to select a gate line, a first
voltage V1 is applied to the second gate G2 by the threshold
voltage control signal Svth. In a vertical retrace period, the
first voltage V1 and a second voltage V2 are alternately
applied to the second gate G2 by the threshold voltage control
signal Svth.

[0056] When the first voltage V1 is applied by the threshold
voltage control signal Svth, the threshold voltage of the tran-
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sistor is controlled to a desired value. Alternate application of
the first voltage V1 and the second voltage V2 results in less
degradation of a liquid crystal material included in the liquid
crystal layer.

[0057] Note thatthe on/off of the transistor 105 in the driver
circuit 102 becomes difficult to control if the threshold volt-
age of the transistor 105 shifts in the negative direction.
Hence, the first voltage V1 applied by the threshold voltage
control signal Svth in a period during which a scan signal is
output to select a gate line is preferably a voltage which
allows the threshold voltage of the transistor 105 to shift inthe
positive direction. The voltage allowing the threshold voltage
of the transistor 105 to shift in the positive direction may be a
ground voltage GND or a low power source voltage VSS, for
example.

[0058] The voltage allowing the threshold voltage of the
transistor 105 to shift in the positive direction is preferably,
for example, a low-level signal (L. signal) of the gate line
clock signal GCLK, the low power source voltage VSS, or the
ground voltage, which has the lowest potential in the driver
circuit 102; however, a voltage lower than these voltages may
also be used. When a voltage lower than that of the first gate
G1 is applied to the second gate G2, the threshold voltage of
the transistor 105 shifts in the positive direction. The amount
of shift of the threshold voltage increases with a reduction in
the voltage applied to the second gate G2. Hence, even when
the threshold voltage of the transistor 105 shifts in the nega-
tive direction because of degradation of electrical character-
istics, the threshold voltage can be made to shift in the positive
direction by the control of the voltage applied to the second
gate G2.

[0059] In order that the threshold voltage of the transistor
105 in the driver circuit 102 is allowed to shift in the positive
direction, a constant voltage is applied to the conductive film
114 serving as the back gate in a certain period, which might
cause degradation of the liquid crystal material of the liquid
crystal layer 107 overlapping with the transistor 105. The
degradation of the liquid crystal material can be reduced by
applying an alternate-current (AC) voltage. Therefore, the
second voltage V2 applied by the aforementioned threshold
voltage control signal Svth is preferably the high power
source voltage VDD. An AC voltage can be applied to the
liquid crystal material when the first voltage V1 and the
second voltage V2 are alternately applied by threshold volt-
age control signal Svth in the vertical retrace period, resulting
in a reduction in the degradation of the liquid crystal material.
[0060] Note that the aforementioned common voltage
Vcom is preferably a voltage between the first voltage V1 and
the second voltage V2, specifically, a voltage intermediate
between the high power source voltage VDD and the low
power source voltage VSS. In the case where the low power
source voltage VSS is the ground voltage, the common volt-
age is preferably 12VDD.

[0061] Next, the method for driving the liquid crystal dis-
play device according to this embodiment will be described.
[0062] FIG. 1C s a timing chart of the gate line clock signal
GCLK, the gate line start pulse GSP, the threshold voltage
control signal Svth, and the scan signals Goutl to GoutM
which are shown in FIG. 1B.

[0063] Inthetiming chart shown in FIG. 1C, aperiod Tsp is
a gate line selection period during which pixels of each row
are selected by the scan signals Goutl to GoutM. Also in the
timing chart shown in FIG. 1C, a period Tbp is a vertical
retrace period that is a blank period after a sequential output
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of scan signals to the first to the M-th gate lines until an output
of a scan signal to the first gate line starts again.

[0064] In the method for driving the liquid crystal display
device according to this embodiment, in the period Tsp, the
scan signals Goutl to GoutM are sequentially output by the
gate line clock signal GCLK and the gate line start pulse GSP,
and the first voltage V1 can be applied to the back gate by the
threshold voltage control signal Svth. In the period Tbp, the
gate line clock signal GCLK is fixed to the L signal so as to
stop the oscillation of the signals, and the first voltage V1 and
the second voltage V2 can be alternately applied to the back
gate by the threshold voltage control signal Svth.

[0065] With use of the above method for driving the liquid
crystal display device, a voltage which controls the shift of the
threshold voltage of the transistor can be applied in the gate
line selection period. In addition, it is possible to reduce
degradation of the liquid crystal material caused by a voltage
which is applied to the back gate formed using the same
conductive film as the pixel electrode and which controls the
shift of the threshold voltage.

[0066] The alternate application of the first voltage V1 and
the second voltage V2, which 1s performed in the period Thp
by the threshold voltage control signal Svth as shown in FIG.
1C, may be performed in such a manner that the voltage
oscillates plural times as shown in FIG. 2A.

[0067] Alternatively, the second voltage V2 shown in FIG.
1C may be applied continuously over the period Tbp by the
threshold voltage control signal Svth. Specifically, as shown
in FIG. 2B, the second voltage V2 is applied in the period Tbp,
so that degradation of the liquid crystal material is reduced by
utilizing the signal rise from the first voltage V1 to the second
voltage V2 and the signal fall from the second voltage V2 to
the first voltage V1 at the time of switching between the
period Tsp and the period Thp.

[0068] The method for driving the liquid crystal display
device will be further explained while showing an example of
a circuit configuration of a pulse signal output circuit and a
shift register including the pulse signal output circuit. The
pulse signal output circuit includes the transistor with the
back gate which is provided in the gate line driver circuit
shown in FIGS. 1A to 1C.

[0069] First, an example of the circuit configuration of the
pulse signal output circuit and the shift register including the
pulse signal output circuit will be described with reference to
FIGS. 3A to 3C.

[0070] The shift register includes a first pulse signal output
circuit 10__, to an M-th pulse signal output circuit 10_,,,
signal lines 11 to 14 for transmitting the gate line clock
signals GCLK, and a signal line 16 for transmitting the
threshold voltage control signal Svth (see FIG. 3A). Gate line
clock signals GCLK1 to GCLK4 are respectively supplied to
the signal lines 11 to 14. The threshold voltage control signal
Svth is supplied to the signal line 16.

[0071] The clock signal oscillates between High level (H
signal) and Low level (L signal) at regular intervals. Here, the
gate line clock signals GCLK1 to GCLK4 are each delayed by
Yaperiod. In thecircuits shown in FIGS. 3A to 3C, these clock
signals are utilized to control the pulse signal output circuits,
for example.

[0072] Each of the first pulse signal output circuit 10_ to
the M-th pulse signal output circuit 10__,, includes an input
terminal 21, an input terminal 22, an input terminal 23, an
input terminal 24, an input terminal 25, an output terminal 26,
an output terminal 27, and an input terminal 28 (see FIG. 3B).
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[0073] Each of the input terminals 21 to 23 is connected to
any of the signal lines 11 to 14. For example, in the first pulse
signal output circuit 10_,, the input terminals 21 to 23 are
connected to the signal lines 11 to 13, respectively. In the
second pulse signal output circuit 10_,, the input terminals
21 to 23 are connected to the signal lines 12 to 14, respec-
tively. Although the M-th pulse signal output circuit 10, is
connected to the signal lines 12 to 14, the structure shown
here is just an example because the signal lines connected to
the M-th pulse signal output circuit 10__,, vary with the num-
ber of M.

[0074] Inanm-th pulse signal output circuit (m is a natural
number greater than or equal to 3) of the shift register
described in this embodiment, the input terminal 24 is con-
nected to the output terminal 26 of the (m~1)th pulse signal
output circuit; the input terminal 25 is connected to the output
terminal 26 of the (m+2)th pulse signal output circuit; the
output terminal 26 is connected to the input terminal 24 of the
(m+1)th pulse signal output circuit and the input terminal 25
of the (m-2)th pulse signal output circuit; the output terminal
27 outputs a signal to a Gout(m); and the input terminal 28 is
connected to the signal line 16.

[0075] In the first pulse signal output circuit 10__,, a gate
line start pulse (GSP1) is input from a signal line 15 to the
input terminal 24. In a k-th pulse signal output circuit 10__, (k
is a natural number greater than or equal to 2 and less than or
equal to M), a pulse output from the previous stage is input to
the input terminal 24. In the (M-1)th pulse signal output
circuit 10__,, ,, a gate line start pulse (GSP2) is input to the
input terminal 25. In the M-th pulse signal output circuit
10_,,, a gate line start pulse (GSP3) is input to the input
terminal 25. The gate line start pulse (GSP2) and the gate line
start pulse (GSP3) may be input from the outside or generated
inside the circuit.

[0076] Next, the configuration of the first pulse signal out-
putcircuit 10_, to the M-th pulse signal output circuit 10_,,
will be specifically described.

[0077] Each of the first pulse signal output circuit 10_, to
the M-th pulse signal output circuit 10 ,, includes transistors
201 to 211 as shown in FIG. 3C.

[0078] The transistors 201 to 211 each include the termi-
nals of the first gate, the second gate, the source, and the drain
shown in FIG. 1B. Note that in the description below, the
terminal of the first gate is referred to as a first gate terminal,
the terminal of the second gate is referred to as a second gate
terminal, the terminal of one of the source and the drain is
referred to as a first terminal, and the terminal of the other of
the source and the drain is referred to as a second terminal.
[0079] The configuration of the pulse signal output circuit
shown in FIG. 3C will be described.

[0080] The first terminal of the transistor 201 is connected
to the input terminal 21, the second terminal of the transistor
201 is connected to the output terminal 26, the first gate
terminal of the transistor 201 is connected to the second
terminal of the transistor 207, and the second gate terminal of
the transistor 201 is connected to the input terminal 28.
[0081] The first terminal of the transistor 202 is connected
to the output terminal 26, the second terminal of the transistor
202 is connected to a power source line 31, the first gate
terminal of the transistor 202 is connected to the second
terminal of the transistor 208, and the second gate terminal of
the transistor 202 is connected to the input terminal 28.
[0082] The first terminal of the transistor 203 is connected
to the input terminal 21, the second terminal of the transistor



US 2014/0028659 A1

203 is connected to the output terminal 27, the first gate
terminal of the transistor 203 is connected to the second
terminal of the transistor 207, and the second gate terminal of
the transistor 203 is connected to the input terminal 28.
[0083] The first terminal of the transistor 204 is connected
to the output terminal 27, the second terminal of the transistor
204 is connected to the power source line 31, the first gate
terminal of the transistor 204 is connected to the second
terminal of the transistor 208, and the second gate terminal of
the transistor 204 is connected to the input terminal 28.
[0084] The first terminal of the transistor 205 is connected
to apower source line 32, the second terminal of the transistor
205 is connected to the first terminal of the transistor 206 and
the first terminal of the transistor 207, the first gate terminal of
the transistor 205 is connected to the input terminal 24, and
the second gate terminal of the transistor 205 is connected to
the input terminal 28.

[0085] The first terminal of the transistor 206 is connected
to the second terminal of the transistor 205 and the first
terminal of the transistor 207, the second terminal of the
transistor 206 is connected to the power source line 31, the
first gate terminal of the transistor 206 is connected to the
second terminal of the transistor 208, and the second gate
terminal of the transistor 206 is connected to the input termi-
nal 28.

[0086] The first terminal of the transistor 207 is connected
to the second terminal of the transistor 205 and the first
terminal of the transistor 206, the second terminal of the
transistor 207 is connected to the first gate terminal of the
transistor 201 and the first gate terminal of the transistor 203,
the first gate terminal of the transistor 207 is connected to the
power source line 32, and the second gate terminal of the
transistor 207 is connected to the input terminal 28.

[0087] The first terminal of the transistor 208 is connected
to the second terminal of the transistor 210, the second ter-
minal of the transistor 208 is connected to the first gate ter-
minal of the transistor 202, the first gate terminal of the
transistor 204, and the first gate terminal of the transistor 206,
the first gate terminal of the transistor 208 is connected to the
input terminal 22, and the second gate terminal of the tran-
sistor 208 is connected to the input terminal 28.

[0088] The first terminal of the transistor 209 is connected
to the second terminal of the transistor 208, the second tet-
minal of the transistor 209 is connected to the power source
line 31, the first gate terminal of the transistor 209 is con-
nected to the input terminal 24, and the second gate terminal
of the transistor 209 is connected to the input terminal 28.
[0089] The first terminal of the transistor 210 is connected
to the power source line 32, the second terminal of the tran-
sistor 210 is connected to the first terminal of the transistor
208, the first gate terminal of the transistor 210 is connected
to the input terminal 23, and the second gate terminal of the
transistor 210 1s connected to the input terminal 28.

[0090] The first terminal of the transistor 211 is connected
to the power source line 32, the second terminal of the tran-
sistor 211 is connected to the second terminal of the transistor
208, the first gate terminal of the transistor 211 is connected
to the input terminal 25, and the second gate terminal of the
transistor 211 is connected to the input terminal 28.

[0091] One embodiment of the present invention is not
limited to the aforementioned configuration of the pulse sig-
nal output circuit which is just an example.

[0092] In the case where the pulse signal output circuit in
FIG. 3C is the first pulse signal output circuit 10__, in FIG.
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3A, the gate line clock signal GCLK1 is input to the input
terminal 21, the gate line clock signal GCLK2 is input to the
input terminal 22, the gate line clock signal GCLK3 is input
to the input terminal 23, the gate line start pulse GSP1 is input
to the input terminal 24, and an output signal (denoted by
out3) of the third pulse signal output circuit 10__; is input to
the input terminal 25. An output signal (denoted by outl) of
the first pulse signal output circuit 10_, is output from the
output terminal 26 to the input terminal 24 of'the second pulse
signal outputcircuit 10_,. A scan signal Goutl is output from
the output terminal 27. The threshold voltage control signal
Svth is input to the input terminal 28. Note that the H signal
and the L signal which are supplied to each input terminal are
VDD and VSS, respectively.

[0093] The low power source voltage VSS is applied to the
power sourceline 31, and the high power source voltage VDD
is applied to the power source line 32.

[0094] The operation of the transistors 201 to 211, such as
turning on or off, affects the signal outl output from the
output terminal 26 and the scan signal Goutl output from the
output terminal 27. Thus, as shown in FIGS. 1A to 1C, the
transistor in the driver circuit according to this embodiment
includes the second gate serving as the back gate and a voltage
for controlling the shift of the threshold voltage of the tran-
sistor 1s applied in a gate line selection period, whereby the
signal out1 and the scan signal Goutl can be less affected by
degradation of the electrical characteristics of the transistors
201 to 211. In addition, as shown in FIGS. 1A to 1C, in the
transistor in the driver circuit according to this embodiment,
it is possible to reduce degradation of the liquid crystal mate-
rial caused by a voltage which is applied to the back gate
formed using the same conductive film as the pixel electrode
and which controls the shift of the threshold voltage.

[0095] Next, the operation of the shift register shown in
FIGS. 3A to 3C will be described with reference to the timing
chart of FIG. 4. Note that in the timing chart of FIG. 4, the
transistors 201 to 211 are all n-channel transistors.

[0096] In the timing chart of FIG. 4, GCLK1 to GCLK4
denote gate line clock signals, Svth denotes a threshold volt-
age control signal, GSP1 denotes a gate line start pulse, Goutl
to GoutM denote outputs from the output terminal 27 of the
first pulse signal output circuit 10, to the M-th pulse signal
output circuit 10__,, respectively, and outl to outM denote
outputs from the output terminal 26 of the first pulse signal
output circuit 10__; to the M-th pulse signal output circuit
10_,,, respectively.

[0097] The period Tsp and the period Tbp in the timing
chart of FIG. 4 are the same as those in FIG. 1C. A period Tv
in the timing chart of FIG. 4 is a period during which the first
voltage V1 and the second voltage V2 are alternately applied
by the threshold voltage control signal Svth in the period Tbp.
A period Tc in the timing chart of FIG. 4 is a period during
which the gate line clock signal GCLK is fixed to the L signal
so as to stop the oscillation of the signal.

[0098] In the method for driving the liquid crystal display
device according to this embodiment, in the period Tsp, the
scan signals Goutl to GoutM are sequentially output by the
gate line clock signal GCLK and the gate line start pulse GSP,
and the first voltage V1 can be applied to the back gate by the
threshold voltage control signal Svth.

[0099] In the period Thbp, the gate line clock signal GCLK
is fixed to the [ signal so as to stop the oscillation of the
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signals, and the first voltage V1 and the second voltage V2 can
be alternately applied to the back gate by the threshold volt-
age control signal Svth.

[0100] Particularly in the timing chart of FIG. 4, in the
period Thp which is the vertical retrace period, the period Tc
begins before the period Tv begins, and then the period Tc
ends after the period Tv ends. In other words, in the vertical
retrace period, after the gate line clock signal is stopped, the
first voltage V1 and the second voltage V2 are alternately
applied to the back gate; then, the oscillation of the signals by
the gate line clock signal begins again. With such a configu-
ration, the gate line clock signal can be fixed to the L signal
before the first voltage V1 and the second voltage V2 are
alternately applied to the back gate. Accordingly, itis possible
to reduce malfunction due to the signal out1 output from the
output terminal 26 and the scan signal Gout1 output from the
output terminal 27.

[0101] By employing the aforementioned method for driv-
ing the liquid crystal display device, a voltage for controlling
the shift of the threshold voltage of the transistor can be
applied in a gate line selection period. Furthermore, it is also
possible to reduce degradation of the liquid crystal material
caused by a voltage which is applied to the back gate formed
using the same conductive film as the pixel electrode and
which controls the shift of the threshold voltage.

[0102] Note that one embodiment of the present invention
is not limited to the structure shown in FIG. 3C in which the
back gate is provided for all of the transistors in the pulse
signal output circuit. As an example, the conductive film
serving as the back gate may be provided for any of the
transistors between the power source line 32 and the power
source line 31 as showninFIG. 5A. InFIG. 5A, the transistors
201, 203, 205, 208, 210, and 211 include the conductive film
serving as the back gate; however, other structures may also
be employed.

[0103] Further, the voltage which is applied to the conduc-
tive film serving as the back gate in order that the shift of the
threshold voltage is controlled by the threshold voltage con-
trol signal Svth, is not limited to the second voltage V2 and
may be voltages with different values. In the case of such a
configuration, a plurality of signals are prepared to be sup-
plied to the conductive film serving as the back gate, and as
shown in FIG. 5B, a first threshold voltage control signal Svth
and a second threshold voltage control signal Svth may be
input from an input terminal 28A and an input terminal 28B.
[0104] In the method for driving the liquid crystal display
device described in this embodiment, a voltage for control-
ling the shift of the threshold voltage of a transistor is applied
in a gate line selection period, which results in a reduction in
the influence of degradation of the electrical characteristics of
the transistor in a driver circuit. In addition, in the method for
driving the liquid crystal display device described in this
embodiment, it is also possible to reduce degradation of the
liquid crystal material caused by a voltage which is applied in
the vertical retrace period to the back gate formed using the
same conductive film as the pixel electrode and which con-
trols the shift of the threshold voltage.

[0105] This embodiment can be implemented in an appro-
priate combination with any of the structures shown in the
other embodiments.

Embodiment 2

[0106] Explained in this embodiment are structures of tran-
sistors in the pixel circuit and the driver circuit which are
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explained in the above Embodiment 1. In this embodiment,
detailed description is made on a structure of a so-called
bottom-gate transistor, in particular, steps before a conductive
film serving as a back gate is provided.

[0107] In atransistor included in the liquid crystal display
device shown in the above embodiment, a semiconductor film
for forming a channel formation region may be an amor-
phous, microcrystalline, polycrystalline, or single-crystal
semiconductor film of silicon, germanium, or the like, or a
semiconductor film of a semiconductor having a wider band
gap and lower intrinsic carrier density than silicon. As silicon,
any of the following can be used: amorphous silicon formed
by a sputtering method or a vapor deposition method such as
a plasma CVD method; polycrystalline silicon obtained in
suich a manner that amorphous silicon is crystallized by laser
annealing or the like; single crystal silicon obtained in such a
manner that a surface portion of a single crystal silicon wafer
is separated by implantation of hydrogen ions or the like into
the silicon wafer; and the like.

[0108] Alternatively, an oxide semiconductor may be used
for the semiconductor film. Having higher field-effect mobil-
ity than amorphous silicon, the oxide semiconductor offers a
transistor with high on-state current. Further, a transistor
using an oxide semiconductor film for a channel formation
region can be manufactured by changing only part of the
existing equipment for production of amorphous silicon tran-
sistors. Therefore, a liquid crystal display device including
the transistor using the oxide semiconductor film for the
channel formation region can be manufactured without addi-
tional spending on equipment and without increasing the
manufacturing cost of the transistor.

[0109] Hereinafter, an example of a transistor including a
channel formation region in an oxide semiconductor film will
be described with reference to drawings.

[0110] FIGS. 6A to 6C are a top view and cross-sectional
views of a transistor 50 including a channel formation region
in an oxide semiconductor film. FIG. 6A is a top view of the
transistor 50, FIG. 6B is a cross-sectional view taken along
dashed line A-B of FIG. 6A, and FIG. 6C is a cross-sectional
view taken along dashed line C-D of FIG. 6A. Note that FIG.
6A does not illustrate some components of the transistor 50
(e.g., an insulating film 53, an insulating film 56, and an
insulating film 57) for clarity.

[0111] The transistor 50 in FIGS. 6B and 6C includes a
conductive film 52 serving as a first gate over a substrate 51.
The transistor 50 further includes the insulating film 53 over
the substrate 51 and the conductive film 52, an oxide semi-
conductor film 54 which overlaps with the conductive film 52
with the insulating film 53 provided therebetween, and a pair
of conductive films 55 which are in contact with the oxide
semiconductor film 54 and serve as a source and a drain. A
protective film 58 including the insulating films 56 and 57 is
formed over the insulating film 53, the oxide semiconductor
film 54, and the pair of conductive films 55.

[0112] The insulating film 56 is formed in contact with the
oxide semiconductor film 54 in the transistor 50 in this
embodiment. The insulating film 56 is preferably an oxide
insulating film transmitting oxygen. In that case, in the insu-
lating film 56, not all oxygen entering the insulating film 56
from the outside does not move to the outside of the insulating
film 56, and some oxygen may remain in the insulating film
56. Alternatively, oxygen enters the insulating film 56 and
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oxygen contained in the insulating film 56 moves to the
outside of the insulating film 56, so that oxygen may move in
the insulating film 56.

[0113] With the use of an oxide insulating film transmitting
oxygen as the insulating film 56, oxygen released from an
oxide insulating film which contains oxygen at a higher pro-
portion than the stoichiometric composition and is provided
over the insulating film 56 can move to the oxide semicon-
ductor film 54 through the insulating film 56.

[0114] As the insulating film 56, a silicon oxide film, a
silicon oxynitride film, or the like with a thickness of 5 nm to
150 nm, preferably 5 nm to 50 nm, and more preferably 10nm
to 30 nm can be used.

[0115] The insulating film 57 is formed in contact with the
insulating film 56. The insulating film 57 is preferably an
oxide insulating film which contains oxygen at a higher pro-
portion than the stoichiometric composition. In that case, as
the insulating film 57, a silicon oxide film, a silicon oxynitride
film, or the like with a thickness of 30 nm to 500 nm, prefer-
ably 150 nm to 400 nm can be used.

[0116] The oxide insulating film which contains oxygen at
a higher proportion than the stoichiometric composition is an
oxide insulating film from which part of oxygen is released by
heating. Thus, when the oxide insulating film from which part
of oxygen is released by heating is provided as the insulating
film 57 over the insulating film 56 transmitting oxygen, oxy-
gen can move to the oxide semiconductor film 54 and oxygen
vacancies in the oxide semiconductor film 54 can be compen-
sated. Alternatively, when the insulating film 57 is formed
over the insulating film 56 transmitting oxygen during heat-
ing, oxygen can move to the oxide semiconductor film 54 and
oxygen vacancies in the oxide semiconductor film 54 can be
compensated. Alternatively, when the insulating film 57 is
formed over the insulating film 56 transmitting oxygen and
then heated, oxygen can move to the oxide semiconductor
film 54 and oxygen vacancies in the oxide semiconductor film
54 can be compensated. Consequently, the amount of oxygen
vacancies in the oxide semiconductor film can be reduced.

[0117] When the oxide insulating film which contains oxy-
gen at a higher proportion than the stoichiometric composi-
tion is provided over a back channel of the oxide semicon-
ductor film 54 (a surface of the oxide semiconductor film 54
which is opposite to a surface facing the conductive film 52)
through the oxide insulating film transmitting oxygen, oxy-
gen can move on the back channel side of the oxide semicon-
ductor film 54, and oxygen vacancies on the back channel side
can be reduced.

[0118] Note that in the case where the oxide semiconductor
film 54 is not damaged in the steps of forming the insulating
film 57, the insulating film 56 is not necessarily provided and
only the insulating film 57 that is an oxide insulating film
from which part of oxygen is released by heating may be
provided as the protective film.

[0119] Note that a transistor including an oxide semicon-
ductor film is an n-channel transistor; thus, in this specifica-
tion, a transistor which can be regarded as having no drain
current flowing therein when the gate voltageis 0V is defined
as a transistor having normally-off characteristics. In con-
trast, a transistor which can be regarded as having a drain
current flowing therein when the gate voltageis 0V is defined
as a transistor having normally-on characteristics.

[0120] Other details of the transistor 50 will be described
below.
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[0121] There is no particular limitation on a material and
the like of the substrate 51 as long as the material has heat
resistance high enough to withstand at least heat treatment
performed later. For example, a glass substrate, a ceramic
substrate, a quartz substrate, or a sapphire substrate may be
used as the substrate 51. Alternatively, a single crystal semi-
conductor substrate or a polycrystalline semiconductor sub-
strate made of silicon, silicon carbide, or the like, a compound
semiconductor substrate made of silicon germanium or the
like, an SOI substrate, or the like can be used. Further alter-
natively, any of these substrates provided with a semiconduc-
tor element may be used as the substrate 51.

[0122] Still alternatively, a flexible substrate may be used as
the substrate 51, and the transistor 50 may be provided
directly on the flexible substrate. A separation layer may be
provided between the substrate 51 and the transistor 50. The
separation layer can be used when part or the whole of a
semiconductor device formed over the separation layer is
separated from the substrate 51 and transferred onto another
substrate. In that case, the transistor 50 can be transferredto a
substrate having low heat resistance or a flexible substrate.
[0123] A base insulating film may be provided between the
substrate 51 and the conductive film 52. Examples of the base
insulating film include a silicon oxide film, a silicon oxyni-
tride film, a silicon nitride film, a silicon nitride oxide film, a
gallium oxide film, a hafnium oxide film, an yttrium oxide
film, an aluminum oxide film, and an aluminum oxynitride
film. Note that when a silicon nitride film, a gallium oxide
film, a hafhium oxide film, an yttrium oxide film, an alumi-
num oxide film, or the like is used as the base insulating film,
itis possible to inhibit diffusion of impurities such as an alkali
metal, water, and hydrogen into the oxide semiconductor film
54 from the substrate 51. In this specification, a silicon oxyni-
tride film means a film which includes more oxygen than
nitrogen, and a silicon nitride oxide film means a film which
includes more nitrogen than oxygen.

[0124] The conductive film 52 can be formed using a metal
element selected from aluminum, chromium, copper, tanta-
lum, titanium, molybdenum, or tungsten; an alloy containing
any of these metal elements as its component; an alloy con-
taining these metal elements in combination; or the like.
Further, one or more metal elements selected from manga-
nese or zirconium may be used. The conductive film 52 may
have a single-layer structure or a layered structure of two or
more layers. For example, a single-layer structure of an alu-
minum film containing silicon, a two-layer structure in which
a titanium film is stacked over an aluminum film, a two-layer
structure in which a titanium film is stacked over a titanium
nitride film, a two-layer structure in which a tungsten film is
stacked over a titanium nitride film, a two-layer structure in
which a tungsten film is stacked over a tantalum nitride film or
a tungsten nitride film, or a three-layer structure in which a
titantum film, an aluminum film, and a titanium film are
stacked in that order can be used. Alternatively, a film, an
alloy film, or a nitride film that contains aluminum and one or
more elements selected from titanium, tantalum, tungsten,
molybdenum, chromium, neodymium, and scandium may be
used.

[0125] Alternatively, the conductive film 52 can be formed
using a light-transmitting conductive material such as indium
tin oxide, indium oxide containing tungsten oxide, indium
zine oxide containing tungsten oxide, indium oxide contain-
ing titanium oxide, indium tin oxide containing titanium
oxide, indium zinc oxide, or indium tin oxide to which silicon



US 2014/0028659 A1

oxideis added. It is also possible to employ a layered structure
including the light-transmitting conductive material and the
metal element.

[0126] Further, an In—Ga—Zn-based oxynitride semicon-
ductor film, an In—Sn-based oxynitride semiconductor film,
an In—Ga-based oxynitride semiconductor film, an In—7n-
based oxynitride semiconductor film, a Sn-based oxynitride
semiconductor film, an In-based oxynitride semiconductor
film, or a film of a metal nitride (e.g., InN or ZnN), or the like
may be provided between the conductive film 52 and the
insulating film 53. These films each have a work function of
5 eV or higher, preferably 5.5 eV or higher which is higher
than the electron affinity of the oxide semiconductor. Thus,
the threshold voltage of the transistor including an oxide
semiconductor can be made to shift in a positive direction,
and a so-called normally-off switching element can be
achieved. For example, in the case where an In—Ga—7n-
based oxynitride semiconductor film is used, an In—Ga—
Zn-based oxynitride semiconductor film having higher nitro-
gen concentration than at least the oxide semiconductor film
54, specifically, an In—Ga—7Z7n-based oxynitride semicon-
ductor film having a nitrogen concentration of 7 at. % or
higher is used.

[0127] The insulating film 53 may be formed to have a
single-layer structure or a layered structure using, for
example, one or more of a silicon oxide film, a silicon oxyni-
tride film, a silicon nitride oxide film, a silicon nitride film, an
aluminum oxide film, a hafnium oxide film, a gallium oxide
film, a Ga—Zn-based metal oxide film, and a silicon nitride
film. The insulating film 53 may be formed using an oxide
insulator from which oxygen is released by heating. With the
use of a film from which oxygen is released by heating as the
insulating film 53, interface states at the interface between the
oxide semiconductor film 54 and the insulating film 53 can be
reduced; thus, a transistor with less degradation of electrical
characteristics can be obtained. Further, when an insulating
film which has an effect of blocking oxygen, hydrogen, water,
and the like is used as the insulating film 53, oxygen can be
prevented from diffusing from the oxide semiconductor film
54 into the outside, and hydrogen, water, and the like can be
prevented from entering the oxide semiconductor film 54
from the outside. As the insulating film which has an effect of
blocking oxygen, hydrogen, water, and the like, an aluminum
oxide film, an aluminum oxynitride film, a gallium oxide film,
a gallium oxynitride film, an yttrium oxide film, an yttrium
oxynitride film, a hafnium oxide film, a hafnium oxynitride
film, or the like can be used. Further, when an insulating film
which has an effect of blocking hydrogen, water, and the like
is provided as the insulating film 53, hydrogen, water, and the
like can be prevented from entering the oxide semiconductor
film 54 from the outside. As the insulating film which has an
effect of blocking hydrogen, water, and the like, a silicon
nitride film, a silicon nitride oxide film, or the like can be
used.

[0128] Whentheinsulating film 53 is formed using a high-k
material such as hafhium silicate (HfSiO,), hafnium silicate
to which nitrogen is added (HfSi,O N,), hafnium aluminate
to which nitrogen is added (HfAL O N,), hafnium oxide, or
yttrium oxide, gate leakage current of the transistor can be
reduced.

[0129] The thickness of the insulating film 53 is preferably
greater than or equal to 5 nm and less than or equal to 400 nm,
more preferably greater than or equal to 10 nm and less than
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or equal to 300 nm, and still more preferably greater than or
equal to 50 nm and less than or equal to 250 nm

[0130] The oxide semiconductor film 54 preferably con-
tains at least indium (In) or zinc (Zn). Alternatively, the oxide
semiconductor film 54 preferably contains In and Zn. In order
to reduce variations in electrical characteristics of the transis-
tor including the oxide semiconductor, the oxide semicon-
ductor film 54 preferably contains one or more stabilizers in
addition to In and/or Zn.

[0131] Examples of a stabilizer include gallium (Ga), tin
(Sn), hafnium (Hf), aluminum (Al), and zirconium (Zr).
Other examples of a stabilizer include lanthanoid such as
lanthanum (La), cerium (Ce), praseodymium (Pr), neody-
mium (Nd), samarium (Sm), europium (Eu), gadolinium
(Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium
(Er), thulium (Tm), ytterbium (Yb), or lutetium (Lu).

[0132] Forexample, any of the following can be used as the
oxide semiconductor: indium oxide, tin oxide, zinc oxide, an
In—Z7n-based metal oxide, a Sn—Z7n-based metal oxide, an
Al—Z7n-based metal oxide, a Zn—Mg-based metal oxide, a
Sn—Mg-based metal oxide, an In—Mg-based metal oxide,
an In—Ga-based metal oxide, an In—W-based metal oxide,
an In—Ga—7n-based metal oxide (also referred to as IGZ0),
an In—Al—7n-based metal oxide, an In—Sn—Z7n-based
metal oxide, a Sn—Ga—Zn-based metal oxide, an Al—Ga—
7Zn-based metal oxide, a Sn—Al—Zn-based metal oxide, an
In—Hf—Zn-based metal oxide, an In—La—Zn-based metal
oxide, an In—Ce—Z7n-based metal oxide, an In—Pr—7n-
based metal oxide, an In—Nd—Zn-based metal oxide, an
In—Sm—Z7n-based metal oxide, an In—Fu—Z7n-based
metal oxide, an In—Gd—Zn-based metal oxide, an
In—Tb—Z7n-based metal oxide, an In—Dy—Z7n-based
metal oxide, an In—Ho—Zn-based metal oxide, an In—FEr—
7Zn-based metal oxide, an In—Tm—Zn-based metal oxide, an
In—Yb—Zn-based metal oxide, an In—Lu—Zn-based
metal oxide, an In—Sn—Ga—Z7n-based metal oxide, an
In—Hf—Ga—Zn-based metal oxide, an In—Al—Ga—Zn-
based metal oxide, an In—Sn—Al—Z7n-based metal oxide,
an In—Sn—Hf—Z7n-based metal oxide, and an In—Hf—
Al—Zn-based metal oxide.

[0133] Notethat, for example, an In—Ga—Zn-based metal
oxide means an oxide containing In, Ga, and Zn as its main
components and there is no particular limitation on the ratio
of In, Ga, and Zn. The In—Ga—Zn-based metal oxide may
contain a metal element other than In, Ga, and Zn.

[0134] Alternatively, a material represented by InMO,
(Zn0),,, (m>0 is satisfied, and m is not an integer) may be used
as the oxide semiconductor. Note that M represents one or
more metal elements selected from Ga, Fe, Mn, and Co.
Alternatively, as the oxide semiconductor, a material repre-
sented by In,SnO4(Zn0), (n>0 is satisfied, n is an integer)
may be used.

[0135] For example, it is possible to use an In—Ga—7n-
based metal oxide containing In, Ga, and Zn at an atomic ratio
of 1:1:1 (=1/3:1/3:1/3), 2:2:1 (=2/5:2/5:1/5), or 3:1:2 (=1/2:
1/6:1/3), or any of oxides whose composition is in the neigh-
borhood of the above compositions. Alternatively, an
In—Sn—Z7n-based metal oxide containing In, Sn, and Zn at
an atomic ratio of 1:1:1 (=1/3:1/3:1/3), 2:1:3 (=1/3:1/6:1/2),
or2:1:5(=1/4:1/8:5/8), orany of oxides whose composition is
in the neighborhood of'the above compositions may be used.
[0136] However, the composition is not limited to those
described above, and a material having an appropriate com-
position may be used depending on needed electrical charac-



US 2014/0028659 A1

teristics (e.g., field-effect mobility or threshold voltage). In
order to obtain needed electrical characteristics, it is preferred
that the carrier density, the impurity concentration, the defect
density, the atomic ratio of a metal element and oxygen, the
interatomic distance, the density, and the like be set to be
appropriate.

[0137] For example, a high mobility can be obtained rela-
tively easily in the case where the In—Sn—Z7n-based metal
oxide is used. However, the mobility can be increased by
reducing the defect density in the bulk even in the case where
the In—Ga—Zn-based metal oxide is used.

[0138] Further, the energy gap of a metal oxide which can
be used for the oxide semiconductor film 54 is greater than or
equal to 2 eV, preferably greater than or equal to 2.5 eV, and
more preferably greater than or equal to 3 eV. The off-state
current of a transistor can be reduced by using an oxide
semiconductor having such a wide energy gap.

[0139] A structure of the oxide semiconductor film will be
described below. An oxide semiconductor film is classified
roughly into a single-crystal oxide semiconductor film and a
non-single-crystal oxide semiconductor film. The non-
single-crystal oxide semiconductor film includes any of an
amorphous oxide semiconductor film, a microcrystalline
oxide semiconductor film, a polycrystalline oxide semicon-
ductor film, a c-axis aligned crystalline oxide semiconductor
(CAAC-OS) film, and the like.

[0140] The amorphous oxide semiconductor film has dis-
ordered atomic arrangement and no crystalline component. A
typical example thereof is an oxide semiconductor film in
which no crystal part exists even in a microscopic region, and
the whole of the film is amorphous.

[0141] The microcrystalline oxide semiconductor film
includes a microcrystal (also referred to as nanocrystal) with
a size greater than or equal to 1 nm and less than 10 nm, for
example. Thus, the microcrystalline oxide semiconductor
film has a higher degree of atomic order than the amorphous
oxide semiconductor film. Hence, the density of defect states
of the microcrystalline oxide semiconductor film is lower
than that of the amorphous oxide semiconductor film.

[0142] The CAAC-OS film is one of oxide semiconductor
films including a plurality of crystal parts, and most of the
crystal parts each fit inside a cube whose one side is less than
100 nm. Thus, there is a case where a crystal part included in
the CAAC-OS film fits inside a cube whose one side is less
than 10 nm, less than 5 nm, or less than 3 nm The density of
defect states of the CAAC-OS film is lower than that of the
microcrystalline oxide semiconductor film. The CAAC-OS
film is described in detail below.

[0143] Inatransmission electron microscope (TEM)image
of the CAAC-OS film, a boundary between crystal parts, that
is, a grain boundary is not clearly observed. Thus, in the
CAAC-OS film, a reduction in electron mobility due to the
grain boundary is less likely to occur.

[0144] According to the TEM image of the CAAC-OS film
observed in a direction substantially parallel to a sample
surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each metal
atom layer has a morphology reflected by a surface over
which the CAAC-OS film is formed (hereinafter, a surface
over which the CAAC-OS film is formed is referred to as a
formation surface) or a top surface of the CAAC-OS film, and
is arranged in parallel to the formation surface or the top
surface of the CAAC-OS film.
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[0145] On the other hand, according to the TEM image of
the CAAC-OS film observed in a direction substantially pet-
pendicular to the sample surface (plan TEM image), metal
atoms are arranged in a triangular or hexagonal configuration
in the crystal parts. However, there is no regularity of arrange-
ment of metal atoms between different crystal parts.

[0146] From the results of the cross-sectional TEM image
and the plan TEM image, alignment is found in the crystal
parts in the CAAC-OS film.

[0147] A CAAC-OS film is subjected to structural analysis
with an X-ray diffraction (XRD) apparatus. For example,
when the CAAC-OS film including an InGaZnQ, crystal is
analyzed by an out-of-plane method, a peak appears fre-
quently when the diffraction angle (28) is around 31°. This
peak is derived from the (009) plane of the InGaZnQO, crystal,
which indicates that crystals in the CAAC-OS film have
c-axis alignment, and that the c-axes are aligned in a direction
substantially perpendicular to the formation surface or the top
surface of the CAAC-OS film.

[0148] On the other hand, when the CAAC-OS film is ana-
lyzed by an in-plane method in which an X-ray enters a
sample in a direction perpendicular to the c-axis, a peak
appears frequently when 28 is around 56°. This peak is
derived from the (110) plane of the InGaZnQ, crystal. Here,
analysis (¢ scan) is performed under conditions where the
sample is rotated around a normal vector of a sample surface
as an axis (¢ axis) with 20 fixed at around 56°. In the case
where the sample is a single-crystal oxide semiconductor film
of InGaZnO,, six peaks appear. The six peaks are derived
from crystal planes equivalent to the (110) plane. On the other
hand, in the case of a CAAC-OS film, a peak is not clearly
observed even when 0 scan is performed with 28 fixed at
around 56°.

[0149] According to the above results, in the CAAC-OS
film having c-axis alignment, while the directions of a-axes
and b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a forma-
tion surface or a normal vector of a top surface. Thus, each
metal atom layer arranged in a layered manner observed in the
cross-sectional TEM image corresponds to a plane parallel to
the a-b plane of the crystal.

[0150] Note that the crystal part is formed concurrently
with deposition of the CAAC-OS film or is formed through
crystallization treatment such as heat treatment. As described
above, the c-axis of the crystal is aligned in a direction parallel
to anormal vector of'a formation surface or a normal vector of
atop surface. Thus, for example, in the case where a shape of
the CAAC-OS film is changed by etching or the like, the
c-axis might not be necessarily parallel to a normal vector of
a formation surface or a normal vector of a top surface of the
CAAC-0OS film.

[0151] Further, the degtee of crystallinity in the CAAC-OS
film is not necessarily uniform. For example, in the case
where crystal growth leading to the CAAC-OS film occurs
from the vicinity of the top surface of the film, the degree of
the crystallinity in the vicinity of the top surface is higher than
that in the vicinity of the formation surface in some cases.
Further, when an impurity is added to the CAAC-OS film, the
crystallinity in a region to which the impurity is added is
changed, and the degree of crystallinity in the CAAC-OS film
varies depending on regions.

[0152] Note that when the CAAC-OS film with an
InGaZnO, crystal is analyzed by an out-of-plane method, a
peak of 260 may also be observed at around 36°, in addition to
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the peak of 28 at around 31°. The peak of 26 at around 36°
indicates that a crystal having no c-axis alignment is included
in part of the CAAC-OS film. It is preferable that in the
CAAC-OS film, a peak 0f 20 appear at around 31° and a peak
of 26 do not appear at around 36°.

[0153] Ina transistor using the CAAC-OS film, a change in
electrical characteristics due to irradiation with visible light
or ultraviolet light is small. Thus, the transistor has high
reliability.

[0154] Note that an oxide semiconductor film may be a
stacked film including two or more films of an amorphous
oxide semiconductor film, a microcrystalline oxide semicon-
ductor film, and a CAAC-OS film, for example.

[0155] The oxide semiconductor film 54 may have a lay-
ered structure of a plurality of oxide semiconductor films. For
example, the oxide semiconductor film 54 may have a layered
structure of a first oxide semiconductor film and a second
oxide semiconductor film that are formed using metal oxides
with different compositions.

[0156] Further, the first oxide semiconductor film and the
second oxide semiconductor film may include the same con-
stituent elements with different compositions. For example,
the first oxide semiconductor film may have an atomic ratio of
In:Ga:Zn=1:1:1, and the second oxide semiconductor film
may have an atomic ratio of In:Ga:Zn=3:1:2. Alternatively,
the first oxide semiconductor film may have an atomic ratio of
In:Ga:Zn=1:3:2, and the second oxide semiconductor film
may have an atomic ratio of In:Ga:7Zn=2:1:3. Note that the
proportion of each atom in the atomic ratio of the oxide
semiconductor film varies within a range of +20% as an error.
[0157] In that case, one of the first oxide semiconductor
film and the second oxide semiconductor film that is closer to
the conductive film serving as the first gate (on a channel side)
preferably contains In and Ga at a proportion of In>Ga. The
other of the first oxide semiconductor film and the second
oxide semiconductor film that is farther from the conductive
film serving as the first gate (on a back channel side) prefer-
ably contains In and Ga at a proportion of In=Ga.

[0158] Further, the oxide semiconductor film 54 may have
a three-layer structure of a first oxide semiconductor film, a
second oxide semiconductor film, and a third oxide semicon-
ductor film which include the same constituent elements with
different compositions. For example, the first oxide semicon-
ductor film may have an atomic ratio of In:Ga:Zn=1:3:2, the
second oxide semiconductor film may have an atomic ratio of
In:Ga:Zn=3:1:2, and the third oxide semiconductor film may
have an atomic ratio of In:Ga:Zn=1:1:1.

[0159] An oxide semiconductor film that contains less In
than Ga and Zn at an atomic ratio, typically, the first oxide
semiconductor film containing In, Ga, and Zn at an atomic
ratio of 1:3:2, causes less oxygen vacancies than an oxide
semiconductor film containing more In than Ga and Zn at an
atomic ratio, typically, the second oxide semiconductor film,
and an oxide semiconductor film containing Ga, Zn, and In at
the same atomic ratio, typically, the third oxide semiconduc-
tor film. Thus, an increase in carrier density can be inhibited.
Further, when the first oxide semiconductor film containing
In, Ga, and Zn at an atomic ratio of 1:3:2 has an amorphous
structure, the second oxide semiconductor film is likely to be
a CAAC-OS film.

[0160] Since the first oxide semiconductor film, the second
oxide semiconductor film, and the third oxide semiconductor
film have the same the constituent elements, the first oxide
semiconductor film has a few trap levels at the interface with
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the second oxide semiconductor film. Thus, when the oxide
semiconductor film 54 has the above structure, it is possible to
reduce the amount of change in threshold voltage of the
transistor due to a change over time or a BT photostress test.
[0161] In an oxide semiconductor, the s orbital of heavy
metal mainly contributes to carrier transfer, and when the In
content in the oxide semiconductor is increased, overlap of
the s orbitals 1s likely to be increased. Therefore, an oxide
containing In and Ga at a proportion of In>Ga has higher
carrier mobility than an oxide containing In and Ga at a
proportion of InsGa. Further, in Ga, the formation energy of
an oxygen vacancy is larger and thus an oxygen vacancy is
less likely to occur, than in In; therefore, the oxide containing
In and Ga at a proportion of In<Ga has more stable charac-
teristics than the oxide containing In and Ga at a proportion of
In>Ga.

[0162] An oxide semiconductor containing In and Ga at a
proportion of In>Ga is used on the channel side, and an oxide
semiconductor containing In and Ga at a proportion of In Ga
is used on the back channel side, so that the field-effect
mobility and reliability of the transistor can be further
improved.

[0163] Further, the first oxide semiconductor film, the sec-
ond oxide semiconductor film, and the third oxide semicon-
ductor film may be formed using oxide semiconductors hav-
ing different crystallinity. That is, the oxide semiconductor
film 54 may be formed using any of a single crystal oxide
semiconductor, a polycrystalline oxide semiconductor, an
amorphous oxide semiconductor, and a CAAC-OS, as appro-
priate. When an amorphous oxide semiconductor is used for
any of the first oxide semiconductor film, the second oxide
semiconductor film, and the third oxide semiconductor film,
internal stress or external stress of the oxide semiconductor
film 54 is relieved, a change in electrical characteristics of the
transistor is reduced, and the reliability of the transistor can be
further improved.

[0164] The thickness of the oxide semiconductor film 54 is
preferably greater than or equal to 1 nm and less than or equal
to 100 nm, more preferably greater than or equal to 1 nm and
less than or equal to 50 nm, still more preferably greater than
or equal to 1 nm and less than or equal to 30 nm, and yet still
more preferably greater than or equal to 3 nm and less than or
equal to 20 nm

[0165] The concentration of alkali metals or alkaline earth
metals in the oxide semiconductor film 54, which is obtained
by secondary ion mass spectrometry (SIMS), is preferably
lower than or equal to 1x10'® atoms/cm®, more preferably
lower than or equal to 2x10'® atoms/cm®. This is because,
when alkali metals or alkaline earth metals are bonded to an
oxide semiconductor, some of the alkali metals or the alkaline
earth metals generate carriers and cause an increase in the
off-state current of the transistor.

[0166] In the oxide semiconductor film 54, the hydrogen
concentration obtained by secondary ion mass spectrometry
is preferably lower than 5x10'® atoms/cm?, more preferably
lower than or equal to 1x10"® atoms/cm?, still more prefer-
ably lower than or equal to 5x10"7 atoms/cm?, and yet still
more preferably lower than or equal to 1x10'® atoms/cm?>.
[0167] Hydrogen contained in the oxide semiconductor
film 54 reacts with oxygen bonded to a metal atom to produce
water, and a defect is formed in a lattice from which oxygen
is released (or a portion from which oxygen is removed). In
addition, a bond of part of hydrogen and oxygen causes
generation of electrons serving as a carrier. Thus, the impu-
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rities containing hydrogen are reduced as much as possible in
the step of forming the oxide semiconductor film, resulting in
a reduction in the hydrogen concentration in the oxide semi-
conductor film. By forming a channel region with use of a
highly purified oxide semiconductor film from which hydro-
gen is removed as much as possible, the shift of the threshold
voltage in the negative direction can be controlled, and it is
possible to reduce the leakage current between a source and a
drain of the transistor, typically, the off-state current. As a
result, the electrical characteristics of the transistor can be
improved.

[0168] Theoxide semiconductor film 54 may contain nitro-
gen at a concentration of 5x10"® atoms/cm? or lower.

[0169] The pair of conductive films 55 are formed to have a
single-layer structure or a layered structure including, as a
conductive material, any of metals such as aluminum, tita-
nium, chromium, nickel, copper, yttrium, zirconium, molyb-
denum, silver, tantalum, and tungsten or an alloy containing
any of these metals as its main component. For example, it is
possible to use a single-layer structure of an aluminum film
containing silicon, a two-layer structure in which a titanium
film is stacked over an aluminum film, a two-layer structure in
which a titanium film is stacked over a tungsten film, a two-
layer structure in which a copper film is formed over a copper-
magnesium-aluminum alloy film, a three-layer structure in
which a titanium film or a titanium nitride film, an aluminum
film or a copper film, and a titanium film or a titanium nitride
film are stacked in that order, or a three-layer structure in
which a molybdenum film or a molybdenum nitride film, an
aluminum film or a copper film, and a molybdenum film or a
molybdenum nitride film are stacked in that order. Note that a
transparent conductive material containing indium oxide, tin
oxide, or zinc oxide may be used.

[0170] Note that the transistor 50 in FIGS. 6A to 6C may
have, for example, a layout in which the conductive film 52
serving as a gate completely covers the oxide semiconductor
film 54 when it is seen from the plane. Such a layout allows
light irradiated from the substrate 51 to be completely
blocked by the conductive film 52. It is thus possible to reduce
degradation of the characteristics of the transistor 50, such as
the shift of the threshold voltage.

[0171] This embodiment can be implemented in an appro-
priate combination with any of the structures shown in the
other embodiments.

Embodiment 3

[0172] A liquid crystal display device according to one
embodiment of the present invention will be described with
reference to a block diagram, a schematic view, and a cross-
sectional view corresponding to the schematic view of FIGS.
TAto7C.

[0173] FIG. 7A is a block diagram of a liquid crystal dis-
play device. In the liquid crystal display device, a pixel circuit
302, adataline driver circuit 303, and a gate line driver circuit
304 are provided over a substrate 301, and a signal generation
circuit 300A and a power source circuit 300B are provided to
supply asignal, a power source voltage, and the like necessary
for the operation of the driver circuits and the pixel circuit.
[0174] From the signal generation circuit 3004, for
example, a data line image signal data, a threshold voltage
control signal Svth, a data line start pulse SSP, and a data line
clock signal SCLK are output to the data line driver circuit
303. Also from the signal generation circuit 300A, for
example, the threshold voltage control signal Svth, a gate line
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start pulse GSP, and a gate line clock signal GCLK are output
to the gate line driver circuit 304.

[0175] From the power source circuit 300B, for example, a
high power source voltage VDD, a low power source voltage
VSS, and a common voltage Vcom are output to the pixel
circuit 302, the data line driver circuit 303, and the gate line
driver circuit 304.

[0176] FIG. 7B is a top view of the liquid crystal display
device in which the substrate 301 and a substrate 317 are
sealed by a sealant 305. FIG. 7C is a cross-sectional view
along dashed line E-F of FIG. 7B. Note that a twisted nematic
(TN) mode liquid crystal display device is shown in FIGS. 7A
to 7C as an example.

[0177] The sealant 305 is provided to surround the pixel
circuit 302, the data line driver circuit 303, and a pair of gate
line driver circuits 304, which are formed over the substrate
301. The substrate 317 is provided over the pixel circuit 302,
the data line driver circuit 303, and the gate line driver circuit
304. Therefore, the pixel circuit 302, the data line driver
circuit 303, and the gate line driver circuits 304 are sealed by
the substrate 301, the sealant 305, and the substrate 317.
[0178] Thepixel circuit 302 and the gate line driver circuits
304 over the substrate 301 each include a plurality of transis-
tors. In FIG. 7C, a transistor 311 included in the pixel circuit
302 and a transistor 312 included in the gate line driver circuit
304 are shown as examples.

[0179] Inthepixel circuit 302 and the gate line driver circuit
304, an insulating film 313 made of a resin is provided over
the transistors 311 and 312. A first electrode 314 of a liquid
crystal element 321 and a conductive film 315 are provided
over the insulating film 313. The conductive film 315 is a
second gate serving as a back gate of the transistor 312.
[0180] Further, an insulating film 316 is provided over the
insulating film 313, the first electrode 314, and the conductive
film 315. The insulating film 316 serves as an alignment film
of a liquid crystal material included in a liquid crystal layer
320.

[0181] Moreover, a second electrode 318 of the liquid crys-
tal element 321 is provided over the substrate 317. An insu-
lating film 319 is provided over the second electrode 318. The
insulating film 319 serves as an alignment film of the liquid
crystal material included in the liquid crystal layer 320.
[0182] Theliquid crystal layer 320 is provided between the
insulating film 316, and the second electrode 318 and the
substrate 317. The liquid crystal element 321 includes the first
electrode 314, the second electrode 318, and the liquid crystal
layer 320.

[0183] Intheliquidcrystal element 321, alignment ofliquid
crystal molecules in the liquid crystal layer 320 is changed by
the value of a voltage applied between the first electrode 314
and the second electrode 318, whereby the transmittance
varies. Thus, a gray-scale image can be displayed by the
control of the transmittance of the liquid crystal element 321
with use of the voltage of an image signal supplied to the first
electrode 314. In addition, a spacer 322 is provided between
the first electrode 314 and the second electrode 318 so as to
keep the distance between the electrodes. Although the spacer
322 has a spherical shape here, it may have a prismatic or
cylindrical shape.

[0184] Note that in the liquid crystal display device accord-
ing to one embodiment of the present invention, a color image
may be displayed by using a color filter or by sequentially
turning on a plurality of light sources emitting light with
different hues.
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[0185] Theimage signal, the threshold voltage control sig-
nal Svth, and the various control signals and power source
voltages are input to the data line driver circuit 303, the gate
line driver circuits 304, or the pixel circuit 302 through an
FPC 306.

[0186] This embodiment can be implemented in an appro-
priate combination with any of the structures shown in the
other embodiments.

Embodiment 4

[0187] In this embodiment, a display mode of the liquid
crystal element shown in Embodiment 3 will be described.
Described in Embodiment 3 is an example of the cross section
of the twisted nematic (TN) mode liquid crystal element;
however, other display modes may also be employed. Here-
inafter, description will be made on schematic views of elec-
trodes and substrates used for the operation of liquid crystals
with various display modes.

[0188] FIG.8A is across-sectional schematic view ofa TN
mode liquid crystal element.

[0189] A liquid crystal layer 5800 is held between a first
substrate 5801 and a second substrate 5802 which face each
other. A first electrode 5805 is formed on the first substrate
5801, and a second electrode 5806 is formed on the second
substrate 5802.

[0190] FIG. 8B is a cross-sectional schematic view of a
vertical alignment (VA) mode liquid crystal element. When
no electric field is applied in the VA mode, liquid crystal
molecules are aligned perpendicular to substrates.

[0191] A liquid crystal layer 5810 is held between a first
substrate 5811 and a second substrate 5812 which face each
other. A first electrode 5815 is formed on the first substrate
5811, and a second electrode 5816 is formed on the second
substrate 5812.

[0192] FIG. 8C is a cross-sectional schematic view of a
multi-domain vertical alignment (MVA) mode liquid crystal
element. In the MVA mode, protrusions are provided so that
liquid crystalmolecules are aligned in a plurality of directions
to compensate the viewing angle dependence.

[0193] A liquid crystal layer 5820 is held between a first
substrate 5821 and a second substrate 5822 which face each
other. A first electrode 5825 is formed on the first substrate
5821, and a second electrode 5826 is formed on the second
substrate 5822. A first protrusion 5827 for controlling align-
ment is formed on the first electrode 5825. A second protru-
sion 5828 for controlling alignment is formed on the second
electrode 5826.

[0194] FIG. 8D is a cross-sectional schematic view of an
in-plane switching (IPS) mode liquid crystal element. In the
IPS mode, liquid crystal molecules always rotate in a plane
parallel to substrates. The viewing angle dependence is small
because of small difference in refractive index of a liquid
crystal layer with varying angles for viewing a screen. The
IPS mode employs a horizontal electric field mode in which
electrodes are provided only on one substrate.

[0195] A liquid crystal layer 5850 is held between a first
substrate 5851 and a second substrate 5852 which face each
other. A first electrode 5855 and a second electrode 5856 are
formed on the second substrate 5852.

[0196] Inthe IPS mode electrode structure, a liquid crystal
exhibiting a blue phase for which an alignment film is unnec-
essary may be used.

[0197] FIG. 8E is a cross-sectional schematic view of a
fringe field switching (FFS) mode liquid crystal element. In
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the FFS mode, liquid crystal molecules always rotate in a
plane parallel to substrates. The viewing angle dependence is
small because of small difference in refractive index of a
liquid crystal layer with varying angles for viewing a screen.
The FFS mode employs a horizontal electric field mode in
which electrodes are provided only on one substrate.

[0198] A liquid crystal layer 5860 is held between a first
substrate 5861 and a second substrate 5862 which face each
other. A second electrode 5866 is formed on the second sub-
strate 5862. An insulating film 5867 is formed on the second
electrode 5866, and a first electrode 5865 is formed on the
insulating film 5867.

[0199] This embodiment can be implemented in an appro-
priate combination with any of the structures shown in the
other embodiments.

Embodiment 5

[0200] Described in this embodiment are examples of an
electronic device including the liquid crystal display device
shown in the above embodiments.

[0201] FIG. 9A is a portable game machine including a
housing 9630, a display portion 9631, speakers 9633, opera-
tion keys 9635, a connection terminal 9636, a recording
medium reading portion 9672, and the like. The portable
game machine shown in FIG. 9A has a function of reading a
program or data stored in a recording medium to display it on
the display portion, a function of sharing data with another
portable game machine by wireless communication, and the
like. The portable game machine in FIG. 9A can have various
functions without limitation to the above.

[0202] FIG. 9B is a digital camera including the housing
9630, the display portion 9631, the speakers 9633, the opera-
tion keys 9635, the connection terminal 9636, a shutter button
9676, an image receiving portion 9677, and the like. The
digital camera with a television reception function shown in
FIG. 9B has a function of photographing a still image and/or
a moving image, a function of automatically or manually
correcting the photographed image, a function of obtaining
various kinds of information from an antenna, a function of
storing the photographed image or the information obtained
from the antenna, a function of displaying the photographed
image or the information obtained from the antenna on the
display portion, and the like. Note that the digital camera with
the television reception function shown in FIG. 9B can have
a variety of functions without limitation to the above.

[0203] FIG. 9C is a television receiver including the hous-
ing 9630, the display portion 9631, the speakers 9633, the
operation keys 9635, the connection terminal 9636, and the
like. The television receiver shown in FIG. 9C has a function
of converting electric waves for television into an image
signal, a function of converting an image signal into a signal
suitable for display, a function of converting the frame fre-
quency of an image signal, and the like. Note that the televi-
sion receiver shown in F1G. 9C can have a variety of functions
without limitation to the above.

[0204] FIG. 10A is a computer including the housing 9630,
the display portion 9631, the speaker 9633, the operation keys
9635, the connection terminal 9636, a pointing device 9681,
an external connecting port 9680, and the like. The computer
shown in FIG. 10A has a function of displaying a variety of
kinds of data (e.g., a still image, a moving image, and a text
image) on the display portion, a function of controlling pro-
cessing by a variety of kinds of software (programs), a com-
munication function such as wireless communication or
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wired communication, a function of connecting to various
computer networks with the use of the communication func-
tion, a function of transmitting or receiving a variety of kinds
of data with the use of the communication function, and the
like. Note that the computer shown in FIG. 10A can have a
variety of functions without limitation to the above.

[0205] FIG. 10B is a cellular phone including the housing
9630, the display portion 9631, the speaker 9633, the opera-
tion keys 9635, a microphone 9638, the external connecting
port 9680, and the like. The cellular phone shown in FIG. 10B
has a function of displaying a variety ofkinds of data (e.g., a
still image, a moving image, and a text image) on the display
portion, a function of displaying a calendar, a date, the time,
and the like on the display portion, a function of operating or
editing the data displayed on the display portion, a function of
controlling processing by a variety of kinds of software (pro-
grams), and the like. Note that the cellular phone shown in
FIG. 10B can have a variety of functions without limitation to
the above.

[0206] FIG. 10C is electronic paper (also referred to as an
e-book reader) including the housing 9630, the display por-
tion 9631, the operation keys 9635, and the like. The elec-
tronic paper shown in FIG. 10C has a function of displaying
avariety of kinds of data (e.g., a still image, a moving image,
and a text image) on the display portion, a function of dis-
playing a calendar, a date, the time, and the like on the display
portion, a function of operating or editing the data displayed
on the display portion, a function of controlling processing by
a variety of kinds of software (programs), and the like. Note
that the electronic paper shown in FIG. 10C can have a variety
of functions without limitation to the above.

[0207] When the electronic devices described in this
embodiment are operated by the method for driving the liquid
crystal display device according to the above embodiments, it
is possible to reduce degradation of the liquid crystal material
caused by a voltage which is applied to the back gate formed
using the same conductive film as the pixel electrode and
which controls the shift of the threshold voltage.

[0208] This embodiment can be implemented in an appro-
priate combination with any of the structures shown in the
other embodiments.

[0209] This application is based on Japanese Patent Appli-
cation serial No. 2012-167281 filed with Japan Patent Office
on Jul. 27, 2012, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A method for driving a liquid crystal display device
comprising a driver circuit including a transistor comprising
a first gate and a second gate with a semiconductor film
between the first gate and the second gate, the method com-
prising the steps of:

applying a first voltage to the second gate in a gate line

selection period; and

alternately applying the first voltage and a second voltage

to the second gate in a vertical retrace period,

wherein an input of a clock signal to the driver circuit is

stopped in the vertical retrace period.

2. The method for driving a liquid crystal display device
according to claim 1, wherein a threshold voltage of the
transistor shifts in a positive direction when applying the first
voltage to the second gate in the gate line selection period.
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3. The method for driving a liquid crystal display device
according to claim 1, wherein the first voltage is a ground
voltage.

4. The method for driving a liquid crystal display device
according to claim 1, wherein the second voltage is higher
than the first voltage.

5. The method for driving a liquid crystal display device
according to claim 1, wherein the semiconductor film is an
oxide semiconductor film.

6. The method for driving a liquid crystal display device
according to claim 1,

wherein the second voltage is applied continuously over

the vertical retrace period, and

wherein the first voltage is applied at the time of switching

between the gate line selection period and the vertical
retrace period.

7. The method for driving a liquid crystal display device
according to claim 1, further comprising a liquid crystal layer
overlapping with the second gate.

8. A method for driving a liquid crystal display device,

the liquid crystal display device comprising:

a pixel circuit including a pixel electrode; and

a driver circuit including a transistor comprising a first
gate and a second gate with a semiconductor film
between the first gate and the second gate, wherein the
second gate is formed from the same layer as the pixel
electrode,

the method comprising the steps of:

applying a first voltage to the second gate in a gate line
selection period; and

alternately applying the first voltage and a second volt-
age to the second gate in a vertical retrace period,

wherein an input of a clock signal to the driver circuit is
stopped in the vertical retrace period.

9. The method for driving a liquid crystal display device
according to claim 8, wherein a threshold voltage of the
transistor shifts in a positive direction when applying the first
voltage to the second gate in the gate line selection period.

10. The method for driving a liquid crystal display device
according to claim 8, wherein the first voltage is a ground
voltage.

11. The method for driving a liquid crystal display device
according to claim 8, wherein the second voltage is higher
than the first voltage.

12. The method for driving a liquid crystal display device
according to claim 8, wherein the semiconductor film is an
oxide semiconductor film.

13. The method for driving a liquid crystal display device
according to claim 8,

wherein the second voltage is applied continuously over

the vertical retrace period, and

wherein the first voltage is applied at the time of switching

between the gate line selection period and the vertical
retrace period.

14. The method for driving a liquid crystal display device
according to claim 8, the liquid crystal display device further
comprising a liquid crystal layer overlapping with the second
gate.
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