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(57) ABSTRACT

An image display apparatus includes a display screen on
which pixel circuits are disposed in a matrix, each of which
includes an EL element, a transistor connected to a first gate
signal line, a transistor connected to a second gate signal line,
and a driving transistor. A second gate signal line driving unit
and a first gate signal line driving unit of a first gate driving
circuit apply a control voltage to the first gate signal line and
the second gate signal line, respectively. The second gate
signal line driving unit of a second gate driving circuit applies
a control voltage to the first gate signal line. An ON voltage,
afirst OFF voltage, and a second OFF voltage are sequentially
applied to the first gate signal line. The ON voltage and the
first OFF voltage are sequentially applied to the second gate
signal line.
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GATE DRIVER INTEGRATED CIRCUIT, AND
IMAGE DISPLAY APPARATUS INCLUDING
THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to an active-matrix
image display apparatus including a current light-emitting
element, and a gate driver integrated circuit (gate drive 1C)
included in the image display apparatus.

BACKGROUND ART

[0002] Recent years have seen commercialization of an
image display panel including pixel circuits arranged in a
matrix each of which includes an electro luminescence (EL)
device, and an image display apparatus including the image
display panel. The EL element emits light upon application of
a current to a light emitting layer disposed between an anode
electrode and a cathode electrode.

[0003] Each of the pixel circuits includes transistors. Fur-
thermore, the image display panel includes gate signal lines
of different kinds for controlling the transistors in the pixel
circuit. These gate signal lines can be divided into ones with
high load capacity and ones with relatively low load capacity.
Furthermore, a slew rate required of a control signal to be
applied to each of the gate signal lines differs. For example,
while the gate signal lines through which an image signal
voltage is supplied to the pixel circuit require a high slew rate,
the gate signal lines that control a current to be supplied to the
EL elements have no problem with a relatively low slew rate.

[0004] For example, PTL 1 discloses, as a method of driv-
ing a gate signal line with high load capacity at a high slew
rate, forming, in a scanning period for controlling a switching
element, a driving waveform including a driving waveform
portion for turning ON or OFF the switching element, fol-
lowed by a maintained waveform portion for maintaining the
ON or OFF state of the switching element. Furthermore, PTL
2 discloses an image display apparatus that applies voltages
with the same driving waveform from both ends of one gate
signal line, that is, an image display apparatus that performs
so-called bilateral driving.

CITATION LIST

Patent Literature

[0005] [PTL 1] Japanese Unexamined Patent Application
Publication No. 2001-264731

[0006] [PTL 2] Japanese Unexamined Patent Application
Publication No. 2012-068592

SUMMARY OF INVENTION

Technical Problem

[0007] The present disclosure provides an image display
apparatus including a gate driver integrated circuit (gate drive
1C) which is highly versatile and can be used irrespective of
the number of the gate signal lines which should be driven at
high speed and the number of the gate signal lines to which
the bilateral driving should be applied or the arrangement of
the gate signal lines.

Oct. 1, 2015

Solution to Problem

[0008] An image display apparatus according to an aspect
of the present disclosure includes: a display screen which
includes pixels arranged in a matrix, each of the pixels includ-
ing a light-emitting element, a first switching transistor, a
second switching transistor, and a driving transistor that sup-
plies a current to the light-emitting element; a first gate signal
line disposed for each of rows of the pixels and connected to
the first switching transistor; a second gate signal line dis-
posed for each of the rows of the pixels and connected to the
second switching transistor; a source signal line disposed for
each of columns of the pixels; a gate driver circuit which
applies a control voltage to the first gate signal line and the
second gate signal line; and a source driver circuit which
supplies a video signal to the source signal line, wherein the
gate driver circuit supplies a first control voltage to the first
gate signal line, and supplies a second control voltage to the
second gate signal line, the first control voltage being one of
an ON voltage, a first OFF voltage, and a second OFF voltage,
the second control voltage being one of the ON voltage and
the first OFF voltage.

[0009] In addition, a gate driver integrated circuit (gate
drive IC) according to an aspect of the present disclosure
includes: a plurality of gate signal line driving circuits each
having a shift register circuit and an output circuit; an ON
voltage input terminal to which an ON voltage is applied; a
first OFF voltage input terminal to which a first OFF voltage
is applied; a second OFF voltage input terminal to which a
second OFF voltage is applied; and an operation mode setting
terminal, wherein the gate driver integrated circuit has: a first
operation mode in which a scanning signal including the ON
voltage and the first OFF voltage is supplied; and a second
operation mode in which a scanning signal including the ON
voltage, the first OFF voltage, and the second OFF voltage is
supplied, and selects one of the first operation mode and the
second operation mode based on a signal applied to the opera-
tion mode setting terminal. The gate driver integrated circuit
according to an aspect of the present disclosure is used mainly
as a driving IC for the gate signal lines in the image display
apparatus according to the present invention.

Advantageous Effects of Invention

[0010] According to the present disclosure, it is possible to
provide an image display apparatus including a gate driver
integrated circuit which is highly versatile and can be used
irrespective of the number of the gate signal lines which
should be driven at high speed and the number of the gate
signal lines to which the bilateral driving should be applied or
the arrangement of the gate signal lines.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1isa schematic diagram illustrating a configu-
ration of an image display apparatus according to Embodi-
ment 1.

[0012] FIG. 2is a circuit diagram illustrating a pixel circuit
of the image display apparatus according to Embodiment 1.
[0013] FIG. 3 is a diagram showing a connection state
between gate driving circuits and pixel circuits according to
Embodiment 1.

[0014] FIG. 4 is a diagram showing an arrangement rela-
tionship between an image display panel, gate driving cir-
cuits, a source driving circuit, etc.
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[0015] FIG. 5 is a diagram for explaining an operation in a
writing period of the pixel circuit according to Embodiment
1.

[0016] FIG. 6 is a diagram for explaining an operation in a
display period of the pixel circuit according to Embodiment

[0017] FIG. 7isa timing chart showing an operation of the
image display apparatus according to Embodiment 1.

[0018] FIG. 8 is a timing chart of an image signal voltage,
a write controlling signal, and a display controlling signal, of
the image display apparatus according to Embodiment 1.
[0019] FIG. 9 is a timing chart of a gate signal line illus-
trating a first example of gate voltage ternary driving.
[0020] FIG. 10 is a circuit configuration diagram of a gate
driver IC according to Embodiment 1.

[0021] FIG. 11 is a timing chart of a gate signal line illus-
trating a second example of gate voltage ternary driving.
[0022] FIG. 12 is a circuit diagram illustrating a pixel cir-
cuit of an image display apparatus according to a first modi-
fication example of Embodiment 1.

[0023] FIG. 13 is a timing chart of a gate signal line illus-
trating an example of gate voltage binary driving.

[0024] FIG. 14 is a timing chart of a gate signal line illus-
trating a third example of gate voltage ternary driving.
[0025] FIG. 15 is a timing chart of a gate signal line illus-
trating a fourth example of gate voltage ternary driving.
[0026] FIG.16is adriving waveform illustrating the details
of a write controlling signal of the image display apparatus
according to Embodiment 1.

[0027] FIG. 17 is a schematic diagram illustrating a con-
figuration of an image display apparatus according to a sec-
ond modification example of an embodiment.

[0028] FIG. 18 is a diagram illustrating a connection state
between the gate driving circuits and the pixel circuits accord-
ing to the second modification example of Embodiment 1.
[0029] FIG. 19 is a diagram illustrating an arrangement
relationship between an image display panel, the gate driving
circuits, a source driving circuit, etc according to the second
modification example of Embodiment 1.

[0030] FIG. 20 is a circuit diagram of a gate driver inte-
grated circuit of the image display apparatus according to
Embodiment 1.

[0031] FIG. 21 is a circuit diagram of a transistor control
unit of the image display apparatus according to Embodiment
L.

[0032] FIG.22isatiming chart showing an operationof the
transistor control unit of the image display apparatus accord-
ing to Embodiment 1.

[0033] FIG. 23 is a circuit diagram of the transistor control
unit of the image display apparatus according to a third modi-
fication example of Embodiment 1.

[0034] FIG. 24 is a diagram illustrating a first example of a
voltage selected by a selecting circuit.

[0035] FIG. 25 is a circuit diagram of the transistor control
unit including a single shift register circuit.

[0036] FIG.26is adriving waveform illustrating the details
of a write controlling signal of the image display apparatus
according to Embodiment 1.

[0037] FIG. 27 is a diagram illustrating a second example
of a voltage selected by the selecting circuit.

[0038] FIG. 28 is a diagram illustrating a switching circuit
according to Embodiment 1.

Oct. 1, 2015

[0039] FIG. 29 is a diagram illustrating an example of a
configuration of the gate driver circuit according to Embodi-
ment 1.

[0040] FIG. 30 is a diagram illustrating a variable control of
an ON voltage of the gate signal line driving unit according to
Embodiment 1.

[0041] FIG. 31 is a diagram illustrating a waveform of the
ON voltage of the gate signal line driving unit on which the
variable control is performed.

[0042] FIG. 32 is a driving waveform diagram illustrating
the write controlling signal of the image display apparatus
according to the first modification example of Embodiment 1.
[0043] FIG. 33 is a timing chart of an image signal voltage,
awrite controlling signal, and a display controlling signal, of
the image display apparatus according to the first modifica-
tion example of Embodiment 1.

[0044] FIG. 34 is a timing chart illustrating an operation of
the first gate driving circuit according to Embodiment 1.
[0045] FIG. 35 is a timing chart illustrating an operation of
the first gate driving circuit according to the first modification
example of Embodiment 1.

[0046] FIG. 36 is a first example of the timing chart illus-
trating an operation of a second gate driving circuit according
to Embodiment 1.

[0047] FIG. 37 is a first example of a timing chart illustrat-
ing an operation of the second gate driving circuit according
to the first modification example of Embodiment 1.

[0048] FIG. 38 is a second example of the timing chart
illustrating an operation of the second gate driving circuit
according to Embodiment 1.

[0049] FIG. 39 is a second example of a timing chart illus-
trating an operation of the second gate driving circuit accord-
ing to the first modification example of Embodiment 1.
[0050] FIG. 40 is a circuit diagram illustrating a pixel cir-
cuit of an image display apparatus according to the second
modification example of Embodiment 1.

[0051] FIG. 41 is a diagram illustrating an example of the
configuration of a gate driving circuit according to the second
modification example of Embodiment 1.

[0052] FIG. 42 is a diagram illustrating another example of
the configuration of the gate driving circuit according to the
second modification example of Embodiment 1.

[0053] FIG. 43 is a circuit diagram of another gate driver
integrated circuit of the image display apparatus according to
the second modification example of Embodiment 1.

[0054] FIG. 44 is a circuit diagram illustrating a pixel cir-
cuit of an image display apparatus according to Embodiment
2.

[0055] FIG. 45 is atiming chart for explaining an operation
of the pixel circuit of the image display apparatus according
to Embodiment 2.

[0056] FIG. 46 is a circuit diagram of a gate driver inte-
grated circuit of the image display apparatus according to
Embodiment 2.

[0057] FIG. 47 is a configuration diagram of a gate driving
circuit of the image display apparatus according to Embodi-
ment 2.

[0058] FIG. 48 is a timing chart illustrating an operation of
a second gate driving circuit of the image display apparatus
according to Embodiment 2.

[0059] FIG. 49 is a broad overview of a display including
the image display apparatus according to the embodiments.
[0060] FIG. 50 is a broad overview of a camera including
the image display apparatus according to the embodiments.
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[0061] FIG. 51 is abroad overview of a computer including
the image display apparatus according to the embodiments.

DESCRIPTION OF EMBODIMENTS

Underlying Knowledge Forming the Basis of the
Present Disclosure

[0062] Underlying knowledge forming the basis of the
present disclosure is described below prior to describing
details of the present disclosure.

[0063] As described above, an image display panel
includes gate signal lines disposed for each transistor
included in a pixel circuit. The more the number of the tran-
sistors per pixel circuit increases, the more the kinds of the
gate signal lines increases. Furthermore, the number of the
gate signal lines per kind is equal to the number of the pixel
circuits in a vertical direction. For example, the number of the
gate signal lines included in an image display panel of
Fxtended Graphics Array (XGA) is 768, and that of Super-
XGA (SXGA) is 1024. Thus, for example, an image display
panel of SXGA including pixel circuits each including four
kinds of gate signal lines has in total 1024x4=4096 of the gate
signal lines.

[0064] The image display apparatus includes gate driving
circuits for driving the multiple gate signal lines described
above. The gate driving circuits each includes gate driver
integrated circuits which are integrated, and mounted near
terminals of the gate signal lines drawn from the image dis-
play panel.

[0065] Itis to be noted that the gate driver integrated circuit
(gate drive IC) includes a semiconductor chip and is mounted
on apanel according to an aspect of the present disclosure and
used. However, the gate driver integrated circuit (gate drive
1C) s not limited to the semiconductor chip. For example, the
gate driver IC may be directly formed on a display panel
substrate concurrently with the process of forming pixel cir-
cuits or the like using the techniques of TAOS, a low-tem-
perature poly silicon, and a high-temperature polycrystalline
silicon. In other words, the gate driver IC is not limited to the
semiconductor chips, but may be a gate driver circuit. The
same applies to the source driver IC, and the source driver IC
is not limited to the semiconductor chips, but may be a source
driver circuit.

[0066] However, when both of the gate signal line which
requires high-speed driving and the gate signal line which
does not require high-speed driving are included, and further,
both of the gate signal line which requires bilateral driving
and the gate signal line which does not require bilateral driv-
ing (which is driven by unilateral driving) are included, the
number and arrangement of the gate signal lines drawn from
one end of the image display panel are generally different
from the number of and arrangement of the gate signal lines
drawn from the other end. In addition, with different specifi-
cations or the like of the image display apparatus, the speci-
fications of the pixel circuit also differ, and the number of
transistors per pixel circuit also differs. Thus, the number of
gate signal lines to be driven differs as well. The transistors
included in a pixel circuit include both of the transistor which
require a high-speed operation and a transistor which is suf-
ficient with a low-speed operation. Accordingly, the number
of the gate signal lines which should be driven at high speed
and the number of the gate signal lines which should be
applied with the bilateral driving are also different. Thereis a
problem that tremendous amounts of money and time are

Oct. 1, 2015

required for generating a dedicated gate driver integrated
circuit according to the number and arrangement of the gate
signal lines drawn from the image display panel, and further
according to the specifications or the like of the image display
apparatus.

[0067] In view of the above, inventors of the present dis-
closure have invented an image display apparatus including a
gate driver integrated circuit which is highly versatile and can
be used irrespective of the number of the gate signal lines
which should be driven at high speed and the number of the
gate signal lines to which the bilateral driving should be
applied, and irrespective of the arrangement of the gate signal
lines.

[0068] Hereinafter, non-limiting embodiments are
described in greater detail with reference to the accompany-
ing Drawings. However, there are instances where exces-
sively detailed description is omitted. For example, there are
instances where detailed description of well-known matter
and redundant description of substantially identical compo-
nents are omitted. This is for the purpose of preventing the
following description from being unnecessarily redundant
and facilitating understanding of those skilled in the art.
[0069] It is to be noted that the accompanying Drawings
and subsequent description are provided by the inventors to
allow a person of ordinary skill in the art to sufficiently
understand the present disclosure, and are thus not intended to
limit the scope of the subject matter recited in the Claims.
[0070] Hereinafter, an image display apparatus according
to embodiments of the present invention will be described
with reference to the Drawings. The image display apparatus
includes: an image display panel including pixel circuits dis-
posedina matrix; and a driving circuit which drives the image
display panel.

[0071] Here, an image display apparatus will be described
which includes: an EL element, in an image display panel, in
which active-matrix pixel circuits each of which causes the
EL element to emit light using a driving transistor are
arranged; and a driving circuit which drives the image display
panel.

Embodiment 1

[0072] FIG. 1isa schematic diagram illustrating a configu-
ration of an image display apparatus 10 according to Embodi-
ment 1. The image display apparatus 10 according to the
present embodiment includes an image display panel 11 and
adriving circuit which drives the image display panel 11. The
driving circuitincludes: a source driving circuit 16; a first gate
driving circuit 14; a second gate driving circuit 15; and a
power supply circuit (not illustrated).

[0073] The image display panel 11 includes a plurality of
pixel circuits 12(j, j) arranged in a matrix of n rows and m
columns (1=i=n, 1<j=m). InFIG. 1, a source signal line 21())
is connected independently to each of pixel circuit columns
including the pixel circuits 12(1, j) to 12(r, j) arranged in a
column direction. In addition, a first gate signal line 22(7) and
asecond gate signal line 23(j) are connected independently to
each of pixel circuit rows including the pixel circuits 12(j, 1)
to 12(i, m) arranged in a row direction. In the following
description, the first gate signal line 22(7) is simply referred to
as a gate signal line 22(7), and the second gate signal line 23(7)
is simply referred to as a gate signal line 23(i).

[0074] The source signal lines 21(f) are each drawn from an
upper side of the image display panel 11, and connected to the
source driving circuit 16 in FIG. 1.
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[0075] Each of the gate signal lines 22(7) and 23(i) is drawn
from the both sides of the image display panel 11, has one end
connected to the first gate driving circuit 14 and the other end
connected to the second gate driving circuit 15. Accordingly,
bilateral driving is applied to the gate signal lines 22(i) and
23(i).

[0076] As described above, in the image display panel 11
according to the present embodiment, the gate signal line
22(i) and the gate signal line 23(i) are connected in common
to the pixel circuits 12(7, 1) to 12(j, m) arranged in the row
direction.

[0077] The source driving circuit 16 supplies an image
signal voltage Vsg(j) independently to each of the source
signal lines 21(j).

[0078] The first gate driving circuit 14 supplies each of the
gate signal lines 22(7) with a write controlling signal CNT22
(i) that is a first controlling signal, and supplies each of the
gate signal lines 23(i) with a display controlling signal
CNT23(i) that is a second controlling signal. In addition, the
second gate driving circuit 15, as with the first gate driving
circuit 14, supplies each of the gate signal lines 22(i) with
CNT22(i) and supplies each of the gate signal lines 23(i) with
CNT23(i).

[0079] Here, the write controlling signals CNT22({) and
CNT23(i) supplied by the second gate driving circuit 15 are
signals having the same voltage waveforms as the voltage
waveforms of the write controlling signals CNT22(7) and
CNT23(i), respectively, supplied by the first gate driving
circuit 14.

[0080] As described above, the gate signal lines 22(i) and
23(i) are gate signal lines to which the bilateral driving is
performed, according to the present embodiment.

[0081] Itisto benoted that, in the following description, the
write controlling signal CNT22(i) that is the first controlling
signal is simply referred to as the write controlling signal
CNT22(i), and the display controlling signal CNT23(7) that is
the second controlling signal is simply referred to as the
display controlling signal CNT23(i).

[0082] The power supply circuit supplies a voltage Vdd
(anode voltage Vdd) to a power line on a high-voltage side
connected to all of the pixel circuits 12(1, 1) to 12(n, m) in
common, and supplies a voltage V'ss (cathode voltage Vss) to
a power line on a low-voltage side. The power supply of the
voltage Vdd and the voltage Vss is a power supply for causing
the EL element to emit light as described below. According to
the present embodiment, the voltage on the high-voltage side
Vdd=10(V), and the voltage on the low-voltage side Vss=—10
(V). However, it is desirable to optimally set these numerical
values according to the specification of the pixel circuit or the
characteristics of each element.

[0083] Next, the pixel circuit 12(i, j) will be described.
[0084] FIG. 2 is a circuit diagram illustrating the pixel
circuit 12(i, j) of the image display apparatus 10 according to
Embodiment 1. The pixel circuit 12(7, j) according to the
present embodiment includes: an EL element D20 that is a
current light-emitting element; a driving transistor Q20; a
capacitor C20; and a transistor Q22 and a transistor Q23 each
operating as a switch.

[0085] The driving transistor Q20 provides the EL element
D20 with a current according to the image signal voltage
Vsg(j). The capacitor C20 holds the image signal voltage
Vsg(j). The transistor Q22 is a switch for applying the image
signal voltage Vsg(j) to the capacitor C20. The transistor Q23
is a switch for supplying the EL element D20 with a current to

Oct. 1, 2015

cause the EL element D20 to emit light. The EL element D20
is supplied with a current from the driving transistor Q20, by
turning ON (turning into an operating state) the transistor
Q23. The current from the driving transistor Q20 is inter-
rupted by turning OFF (turning into a non-operating state) the
transistor Q23, and the EL element D20 stops emitting light.
[0086] The pixel circuit 12(j, j) includes an anode power
line 28 on the high-voltage side and a cathode power line 29
on the low-voltage side. The power line 28 is supplied with a
voltage Vdd from the power supply circuit. The power line 29
is supplied with a voltage Vss from the power supply circuit.
The source of the driving transistor Q20 is connected to the
anode power line 28, the drain of the driving transistor Q20 is
connected to the source of the transistor Q23, the drain of the
transistor Q23 is connected to the anode of the EL element
D20, and the cathode of the EL element D20 is connected to
the cathode power line 29.

[0087] The transistor Q22 is a first switching transistor
which has a function of applying, to the pixel circuit 12(j, j),
the video signal applied to the source signal line 21(i). The
capacitor C20 is connected between the gate and the source of
the driving transistor Q20. The drain (or source) of the tran-
sistor Q22 is connected to the gate of the driving transistor
Q20, the source (or drain) of the transistor Q22 is connected
to the source signal line 21(j) which transmits the image
signal voltage Vsg(j), and the gate of the transistor Q22 is
connected to the gate signal line 22(i). According to the
above-described configuration, the gate of the driving tran-
sistor Q20 is supplied with the image signal voltage Vsg(j) in
response to conduction of the transistor Q22.

[0088] The transistor Q23 is, as described above, a second
switching transistor connected between the drain of the driv-
ing transistor Q20 and the anode of the EL element D20. The
gate of the transistor Q23 is connected to the gate signal line
23(i). According to the above-described configuration, the EL
element D20 is supplied with a current controlled by the
driving transistor Q20, in response to conduction of the tran-
sistor Q23.

[0089] As described above, the image display panel (image
display panel 11) according to the present embodiment
includes the source signal line 21(j) which supplies the image
signal voltage Vsg(j) independently to each of the pixel cir-
cuit columns including the pixel circuits 12(1, j) to 12(», j)
arranged in the column direction.

[0090] Furthermore, the image display panel includes the
gate signal line 22(7) which supplies the write controlling
signal CNT22(i) independently to each of the pixel circuit
rows including the pixel circuits 12(i, 1) to 12(j, m) arranged
in the row direction, from the both sides of the pixel circuit
row, and the gate signal line 23(i) which supplies the display
controlling signal CNT 23(i) independently to each of the
pixel circuit rows, from the both sides of the pixel circuit row.
[0091] Itis to be noted that, although it has been described
that the driving transistor 20, and the transistors Q22 and
Q23 are each a P-channel thin-film transistor according to the
present embodiment, the present invention is not limited to
this. For example, the pixel circuit may be configured using
an N-channel thin-film transistor.

[0092] FIG. 3 is a diagram illustrating a connection state
between the gate driving circuits and the pixel circuits. Each
of the gate driving circuits includes two gate signal line driv-
ing units. The first gate signal line driving unit drives the gate
signal lines 22, and the second gate signal line driving unit
drives the gate signal lines 23.
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[0093] A gatedriver circuit according to the present disclo-
sure includes at least m (m is an integer not less than two) gate
signal line driving units when the number of gate signal lines
included in the pixel circuit 12 is m. The gate signal line
driving unit 32A includes a shift register unit 36A and a
voltage outputting unit 38 A. The gate signal line driving unit
32B includes a shift register unit 36B and a voltage outputting
unit 38B.

[0094] The gate signal line driving unit 32 A of'the first gate
driving circuit 14 and the gate signal line driving unit 32A of
the second gate driving circuit 15 drive the gate signal line
23(i). The gate signal line driving unit 32B of the first gate
driving circuit 14 and the gate signal line driving unit 32B of
the second gate driving circuit 15 drive the gate signal line
22(i).

[0095] 1t is to be noted that the gate driver circuit has a
function of inverting a scanning direction. For example, the
scanning direction of the shift register circuit in the first gate
driving circuit 14 and the scanning direction of the shift
register circuit in the second gate driving circuit 15 are set to
be inverted. In addition, the gate driver circuit includes a
terminal which specifies the scanning direction for inverting
the shift register.

[0096] FIG. 4 is a diagram showing an arrangement rela-
tionship between the image display panel, the gate driving
circuits, the source driving circuit, etc.

[0097] Each of the gate driver IC and the source driver IC
226 is mounted on a COF (chip of film) 221. In order to
prevent halation due to light emitted from the image display
panel 11, each of the COFs 221 is formed by applying or
forming light absorbing paint or a material, or applying a
sheet, on a front surface and a rear surface of the COF 221 so
as to absorb the light. In addition, a heatsink is disposed or
formed on the front surface of a driver IC mounted on the
COF, to dissipate heat from the gate driver IC30 and the
source driver IC226. In addition, chassis (not illustrated) for
dissipating heat is disposed on the rear surface of the image
display panel 11, to dissipate heat generated by the driver IC
to the chassis. The above-described chassis and the driver IC
or the COF are closely attached using an adhesive or the like.
[0098] The COF 221 on which the gate driver IC 30 is
mounted is electrically connected to the image display panel
11 and a gate printed circuit board 224. The connection is
carried out using an ACF (anisotropic conductive film) resin.
The COF 221 on which the source driver IC 226 is mounted
is electrically connected to the image display panel 11 and a
source printed circuit board 223. It is to be noted that the
source driving circuit 16 (or source driver IC), the first gate
driving circuit 14, and the second gate driving circuit 15 (or
gate driver IC) each include, on the output side, a switch for
disconnecting the circuit (IC) and the source signal line or the
gate signal line. it is possible to set the portion between the
source driving circuit 16 (IC) and the source signal line into a
high impedance state, by turning OFF the above-described
switch of the source driving circuit 16 (IC). The above-de-
scribed switch can be controlled by a logic signal which is
applied to the terminal at which the source driving circuit 16
(IC) 1s provided. In addition, it is possible to set the portions
between the first gate driving circuit 14 and the gate signal
line, and the second gate driving circuit 15 (IC) and the gate
signal line into a high impedance state, by turning OFF the
above-described switch of the first gate driving circuit 14 and
the second gate driving circuit 15 (IC). The above-described
switch can be controlled by a logic signal which 1s applied to
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the terminal at which the first gate driving circuit 14 and the
second gate driving circuit 15 (IC) are provided.

[0099] It should be understood that the above-described
matters can be applied to other embodiments as well.

[0100] Next, an operation of the pixel circuit 12(j, j) will be
described. One field period is divided into a plurality of peri-
ods including a writing period Tw and a display period Td,
and each of the pixel circuits 12(i, j) performs a writing
operation of writing the image signal voltage Vsg(j) to be
displayed in the writing period Tw, and causes the EL element
D20 to emit light in the display period Td based on the image
signal voltage Vsg(j) which has been written.

[0101] (Writing Period Tw)

[0102] FIG. 5 is a diagram illustrating an operation in a
writing period Tw of the pixel circuit 12(j, j) of the image
display apparatus 10 according to Embodiment 1. It is to be
noted that the each of the transistors Q22 and (323 illustrated
in FIG. 1 is denoted by a symbol of switches in FIG. 5. In
addition, a path through which a current does not pass is
denoted as a dashed line.

[0103] For performing the writing operation, the write con-
trolling signal CNT22(i) is set at an ON voltage level (V220n)
to turn ON the transistor Q22. Then, the video signal voltage
Vsg(j) is applied to the gate terminal of the driving transistor
Q20, and the capacitor C20 is charged to have a voltage
(Vdd-Vsg(j)) between the terminals. Subsequent to the writ-
ing operation, the write controlling signal CN'T22(7) is set at
an OFF voltage level (V220ff) to turn OFF the transistor Q22.
[0104] According to the present embodiment, an over-drive
voltage V22ovd is applied for a predetermined time period so
that an amplitude exceeds an absolute value of the voltage
(V220n-V220fl) at rising of the write controlling signal
CNT22(i) when switching the transistor Q22 from the ON
state to the OFF state. Subsequently, the voltage V22off is
applied to hold the transistor Q22 in the OFF state.

[0105] Meanwhile, the display controlling signal CN23(i)
is set at the OFF voltage level (V23off) to turn OFF the
transistor Q23. With this, a current does not pass through the
EL element D20, and thus the EL element D20 does not emit
light.

[0106] It is to be noted that, although the details will be
given later, the writing operation should be sequentially per-
formed by n pixel circuits 12(1, ) to 12(, ;) disposed in the
column direction, using the source signal lines 21(j) within
one field period. For that reason, a time period of the writing
period Tw to be allocated to each of the pixel circuits 12(j, j)
is short; that is, 3.5 ps according to the present embodiment.
[0107] (Display Period Td)

[0108] FIG. 6 is diagram illustrating an operation in a dis-
play period Td of the pixel circuit 12(7, j) of the image display
apparatus 10 according to Embodiment 1.

[0109] Whilethe write controlling signal CNT22(i) is set at
the voltage V220vd or the voltage V220ffto maintain the OFF
state of the transistor Q22, the display controlling signal
CNT23(i) is set at the ON voltage level (V23on) to turn ON
the transistor Q23. Then, the drain voltage of the driving
transistor Q20 increases, and a current according to the volt-
age between the gate and the source (Vdd-Vsg(j)) flows
through the EL element D20. In the manner as described
above, the EL element D20 emits light, in the display period
Td, at a luminance according to the image signal voltage
Vsg(j) which has been written in the writing period Tw.
[0110] Itis to be noted that, since the light emitting period
of the EL element D20 becomes longer as the display period
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Td is set longer, it is possible to improve the luminance of the
image display apparatus 10. According to the present embodi-
ment, most part of the one field period other than the writing
period Tw is the display period Td.

[0111] Next, an operation of the image display apparatus 10
according to the present embodiment will be described.
[0112] FIG. 7isa timing chart showing an operation of the
image display device 10 according to Embodiment 1. It is to
be noted that, in the following description, a pixel row includ-
ing the pixel circuits 12(i, 1) to 12(i, m) arranged in the row
direction at the ith row is simply referred to as a line i.
[0113] According to the present embodiment, the writing
period Tw1 of the pixel circuits 12(1, 1) to 12(1, m) in the line
1isset to start first in the one field period, and a predetermined
period before the next writing period Tw1 following the writ-
ing period Tw1 is set as the display period Td1 of the pixel
circuits 12(1, 1) to 12(1, m) in the line 1.

[0114] In addition, the writing period Tw2 of the pixel
circuits 12(2, 1) to 12(2, m) in the line 2 is set to start imme-
diately after the end of the writing period Tw1, and a prede-
termined period before the next writing period Tw2 following
the writing period Tw2 is set as the display period Td2 of the
pixel circuits 12(2, 1) to 12(2, m) in the line 2.

[0115] Inthe same manner as above, the writing period Twi
of the pixel circuits 12(i, 1) to 12(7, m) in the line 1 is set to start
immediately after the end of the writing period Tw(i-1), and
a predetermined period before the next writing period Twi
following the writing period Twi is set as the display period
Tdi of the pixel circuits 12(j, 1) to 12(i, m) in the line i.
[0116] As described above, the writing operation is sequen-
tially performed starting from the pixel circuits 12(1, 1) to
12(1, m) in the line 1 to the pixel circuits 12(r, 1) to 12(n, m)
in the line n, by setting the writing periods Twl to Twn. In
addition, the display operation is performed in most of the
time other than the writing period Tw in each of the pixel
circuits, by setting the display periods Tdl to Tdn as
described above.

[0117] FIG. 8 illustrates a timing chart of the image signal
voltage Vsg(1) to Vsg(m), the write controlling signal CNT22
(1) to CNT22(n), and the display controlling signal CNT23
(1) to CNT23(n) of the image display apparatus 10 according
to Embodiment 1.

[0118] It is to be noted that, only the image signal voltage
Vsg(j) among the image signal voltages Vsg(1) to Vsg(m) is
illustrated in FIG. 8. In addition, since the transistors Q22 and
Q23 according to the present embodiment are each the
P-channel transistor, the gate voltage which turns OFF each
of the transistors is higher than the gate voltage which turns
ON each of the transistors.

[0119] During the writing petiod Twl of the line 1, the
source driving circuit 16 supplies the source signal lines 21(1)
to 21(m) with the image signal voltages Vsg(1) to Vsg(m),
respectively, to be displayed on the pixel circuits 12(1, 1) to
12(1, m) in the first line. Then, the gate driving circuit sets the
write controlling signal CNT22(1) in the line 1 to the voltage
V22o0n, and the writing operation is performed in the pixel
circuits 12(1, 1) to 12(1, m) in the line 1. Subsequently, the
gate driving circuit applies the over-drive voltage V22ovd to
the write controlling signal CNT22(1) in the line 1 for a
predetermined time period. After that, the gate driving circuit
resets the write controlling signal CNT22(1) to the voltage
V220ff.

[0120] During the writing period Tw2 of the line 2, the
source driving circuit 16 supplies the source signal lines 21(1)
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to 21(m) with the image signal voltages Vsg(1) to Vsg(m),
respectively, to be displayed on the pixel circuits 12(2, 1) to
12(2, m) in the second line. Then, the gate driving circuit sets
the write controlling signal CNT22(2) in the line 2 to the
voltage V220n, and the writing operation is performed in the
pixel circuits 12(2, 1) to 12(2, m) in the line 2. Subsequently,
the gate driving circuit applies the over-drive voltage V22ovd
to the write controlling signal CNT22(2) in the line 2 for a
predetermined time period. After that, the gate driving circuit
resets the write controlling signal CNT22(2) to the voltage
V22off.

[0121] In the same manner as above, during the writing
period Twi in the line i, the source driver circuit 16 supplies
the source signal lines 21(1) to 21(m) with the image signal
voltages Vsg(1) to Vsg(m), respectively, to be displayed on
the pixel circuits 12(7, 1) to 12(j, m) in the ith line. Next, the
gate driving circuit sets the write controlling signal CNT22(i)
in the line i to the voltage V22on to perform the writing
operation in the pixel circuits 12(i, 1) to 12(i, m) in the line i.
Subsequently, the gate driving circuit applies the over-drive
voltage V220vd to the write controlling signal CNT22(j) in
the line i for a predetermined time period. After that, the gate
driving circuit resets the write controlling signal CNT22(i) to
the voltage V22off.

[0122] With the above-described timing for driving, the
gate driving circuit sequentially applies the pulsed voltage
V22on to each of the write controlling signals CNT22(1) to
CNT22(n) so as not to overlap with each other, and sequen-
tially performs the writing operation in the pixel circuits of
the lines 1 to n.

[0123] Themethod of driving a gate signal line by applying
voltages of three different levels including the over-drive
voltage (Vovd), i.e. Von, Voff, and Vovd, as in the above-
described timing for driving, is hereinafter referred to “gate
voltage ternary driving”. In the display period Td1 of the line
1, the display controlling signal CN'T23(1) in the line 1 is set
to the voltage V23on, and the display operation is performed
in the pixel circuits 12(1, 1) to 12(1, m) in the line 1. Then, the
gate driving circuit sets the display controlling signal CNT23
(1) to the voltage V23off at the end of the display period Td1,
to end the display operation.

[0124] In the display period Td2 of the line 2, the gate
driving circuit sets the display controlling signal CNT23(2) in
the line 2 to the voltage V23on, and the display operation is
performed in the pixel circuits 12(2, 1) to 12(2, m) in the line
2. Then, the gate driving circuit sets the display controlling
signal CNT23(2) to the voltage V23off at the end of the
display period Td2, to end the display operation.

[0125] In the same manner as above, in the display period
Tdi of the line i, the gate driving circuit sets the display
controlling signal CNT23(i) in the line i to the voltage V23on,
and the display operation is performed in the pixel circuits
12(i, 1) to 12(i, m) in the line 1. Then, the gate driving circuit
sets the display controlling signal CNT23(i) to the voltage
V23off at the end of the display period Tdi, to end the display
operation.

[0126] With the above-described timing for driving, the
gate driving circuit applies the voltage V23on to each of the
display controlling signals CNT23(1) to CNT23(») in most of
the time in the one field period other than the writing period
Tw, and the display operation is sequentially performed in the
pixel circuits of the lines 1 to n

[0127] Themethod of driving a gate signal line by applying
two voltages of different levels not including the over-drive
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voltage (Vovd), i.e. Von and Voff, as described above, is
hereinafter referred to “gate voltage binary driving”.

[0128] Itistobenoted that the amount of time of the writing
period Tw to be allocated to one line is short as described
above, and set as 3.5 us according to the present embodiment.
For performing the writing operation within the short writing
period Tw, it is necessary to turn ON or OFF the transistor
Q22 of each of the pixel circuits 12(7, ;) at high speed. How-
ever, impedance of each of the gate signal lines 22(i) rises as
the size of the display screen of the image display panel 11
increases, and attached additional capacity also increases.

[0129] For that reason, assuming that the gate signal line
22(i) is supplied with the write controlling signal CNT22()
only from the first gate driving circuit 14 disposed on the left
side of the image display panel 11, for example, a voltage
waveform substantially equivalent to an output waveform of
the first gate driving circuit 14 is applied to the gate terminal
of the transistor Q22 of the pixel circuit disposed on the
supply side; that is, on the left side. Accordingly, it is possible
to turn ON or OFF the transistor Q22 at high speed. However,
since the voltage waveform rounds with distance from the
supply side in the gate signal line 22(7), it is not possible to
turn ON or OFF at high speed the transistor Q22 of the pixel
circuit disposed on the right side. For that reason, crosstalk,
luminance gradient, display unevenness, etc. occur as the
position of the pixel circuit becomes closer to the right side of
the display screen, causing a decrease in the image display
quality.

[0130] According to the present embodiment, however, the
bilateral driving is applied to the gate signal line 22(7) which
supplies the write controlling signal CNT22(i). More specifi-
cally, the write controlling signal CN'T22(%) is supplied to the
gate signal line 22(7) from both of the first gate driving circuit
14 disposed on the left side of the image display panel 11 and
the second gate driving circuit 15 disposed on the right side of
the image display panel 11. For that reason, since it is possible
to significantly suppress the rounding of the voltage wave-
form and turn ON or OFF at high speed the transistor Q22 of
the pixel circuit 12(;, j) in the entire display screen, a high
quality image can be displayed.

[0131] Furthermore, according to the present embodiment,
the over-drive voltage V22ovd is applied for a predetermined
time period so that an amplitude exceeds an absolute value of
the voltage (V220n-V?22off) at falling of the write controlling
signal CNT22(i) when switching the transistor Q22 from the
ON state to the OFF state.

[0132] FIG. 9 is a timing chart of a gate signal line illus-
trating a first example of the gate voltage ternary driving. The
position of applying the voltage Von is sequentially shifted in
synchronization with rising of a clock CkA. FIG. 10 is a
circuit configuration diagram of the gate driver IC according
to Embodiment 1. A selecting terminal (SelA) illustrated in
FIG. 10 is set at a level “high”. With this, the gate signal line
driving unit 32A is set to be applied with the gate voltage
ternary driving. The gate signal line driving unit 32B is set to
be applied with the gate voltage ternary driving by setting the
terminal SelB at a level “high”.

[0133] Itistobenoted thatthere are instances where “high”
and “low” are expressed or denoted as “H” and “L”, respec-
tively.

[0134] As illustrated in FIG. 10, a pulldown setting is
applied to the terminal Sel by a resistance R or the like in the
COF 191 or the gate driver IC 30. This means that the termi-
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nals Sel are set at “low” by default, in other words, set to be
applied with the gate voltage binary driving.

[0135] In addition, the voltage Voff is configured so that a
common voltage can be applied to the gate signal line driving
units 32a and 324. Furthermore, the voltage Voff is config-
ured so as to be set by an external power supply of the COF
191 or the gate driver IC 30.

[0136] In addition, the voltage Vovd is configured so that a
common voltage can be applied to the gate signal line driving
units 32a and 324. Furthermore, the voltage Vovd is config-
ured so as to be set by an external power supply of the COF
191 or the gate driver IC 30 (see FIG. 28 and FIG. 29, etc.
which will be described later).

[0137] The voltage Von is configured so that a voltage can
be applied individually to the gate signal line driving units
32a and 325 (terminals YonA and VonB). Furthermore, the
voltage Von is configured so as to be set by an external power
supply of the COF 191 or the gate driver IC 30 (see FIG. 30
and FIG. 31, etc. which will be described later). For example,
the voltage Von of the switching transistor Q123 in FIG. 44
which will be described later is set higher than the voltage Von
of other transistors (in the case where the transistors are
N-channel transistors). This is because it is possible to reduce
an ON resistance of the transistor Q123 and lower the Vdd
voltage by setting the ON voltage of the transistor Q123
higher, and thus it is possible to reduce power for the panel.

[0138] Itis to be noted that, in the configuration illustrated
in FIG. 10, the gate signal line driving unit includes two sets
of gate signal line driving units, the gate signal line driving
unit 32a and the gate signal line driving unit 32b; however, the
present disclosure is not limited to this. The gate signal line
driving unit includes two sets of gate driver ICs 30 when two
gate signal lines are provided for the pixel circuit 12 (FIG. 2,
for example). The gate signal line driving unit includes four
sets of gate driver ICs 30 when four gate signal lines are
provided for the pixel circuit 12 (not illustrated). More spe-
cifically, when the number of the gate signal lines provided
for the pixel circuit 12 is m (m is an integer not less than one),
the gate signal line driving unit includes m sets of gate driver
ICs 30 or the gate driver integrated circuit 30.

[0139] According to the present embodiment, the period
for applying the ON voltage Von is a period of 1H (selecting
period for one pixel row) and the period for applying the
over-drive voltage Vovd is also a period of 1H (selecting
period for one pixel row). In other periods, the OFF voltage
Voff is applied to the gate signal line 22.

[0140] FIG. 11 is a timing chart of a gate signal line illus-
trating a second example of the gate voltage ternary driving.
The transistors are each an N-channel transistor in the timing
chart illustrated in FIG. 11, whereas the transistors are each
the P-channel transistor in the timing chart illustrated in FIG.
9. For example, FIG. 12 exemplifies the pixel circuit 12. FIG.
12 is a circuit diagram illustrating a pixel circuit of an image
display apparatus according to a first modification example of
Embodiment 1. The driving sequence as shown in FIG. 11 is
equivalent or similar to the driving sequence as shown in FIG.
9, and thus description will be omitted.

[0141] FIG. 13 is a timing chart of a gate signal line illus-
trating an example of the gate voltage binary driving. In the
case of the gate voltage binary driving, the terminal Sel
(SelA) in FIG. 10 is set at the level “low”. However, as
illustrated in FIG. 10, a pulldown setting is applied to the
terminal Sel by a resistance R or the like in the COF 191 or the
gate driver IC 30. In other words, the terminal Sel is set as
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“low” by default. Accordingly, the gate voltage binary driving
is selected even when the terminal Sel is in an open state.
[0142] In addition, the voltage Voff is configured so that a
common voltage can be applied to the gate signal line driving
units 32a and 32b. Furthermore, the voltage Voff is config-
ured so as to be set by an external power supply of the COF
191 or the gate driver IC 30.

[0143] In addition, the voltage Vovd is configured so that a
common voltage can be applied to the gate signal line driving
units 32a and 32b. However, since the gate voltage binary
driving is applied, the voltage Vovd is not used in driving.
However, in terms of the design of the gate driver IC 30, the
voltage Vovd is applied according to the IC breakdown volt-
age or configuration restriction.

[0144] Itis to benoted that when the transistors are each an
N-channel transistor, the voltage Vovd is set so as to be a
voltage not higher than the voltage Voff. When the transistors
are each the P-channel transistor, the voltage Vovd is set so as
to be a voltage not lower than the voltage Voff.

[0145] The voltage Von is configured so that a voltage can
be applied individually the gate signal line driving units 32a
and 326 (terminals VonA and VonB). Furthermore, the volt-
age Von is configured so as to be set by an external power
supply of the COF 191 or the gate driver IC 30 (see FIG. 30
and FIG. 31, etc. which will be described later). FIG. 13
illustrates a timing chart of the case where the transistors are
each the N-channel transistor and the gate voltage binary
driving is applied. When the transistors are each the P-chan-
nel, the voltage signal waveform illustrated in the timing chart
of FIG. 13 is inverted.

[0146] FIG. 14 is a timing chart of a gate signal line illus-
trating a third example of the gate voltage ternary driving. The
diagram shows the timing chart in the case where the transis-
tors are each the N-channel transistor, and the voltage Von is
applied for a period of 2H. The voltage Vovd is applied during
the period of 1H without depending on the application period
of the voltage Von.

[0147] The charge of the capacitance between the gate and
the source or the charge of the capacitance between the gate
and drain can be discharged in a short amount of time, by
applying the gate electrode of the transistor with the over-
drive voltage Vovd when switching the transistor from the ON
state to the OFF state as described above, and thus it is
possible to quickly set the transistor into the OFF state. With
this, a variation in an image signal voltage or crosstalk
between pixel circuits can be suppressed, and thus it is pos-
sible to further suppress luminance gradient, display uneven-
ness, etc.

[0148] The reason why the voltage is set again to the volt-
age Voft after applying the over-drive voltage Vovd for the
period of 1H is to prevent a change in the characteristics of the
transistor due to an excessive application of the over-drive
voltage Vovd for a long period of time to the gate electrode of
the transistor.

[0149] Itis to be noted that the gate voltage ternary driving
is performed on the gate signal line to which a transistor that
applies a video signal to the pixel circuit is connected, such as
the transistor Q 22 illustrated in FIG. 2 or FIG. 12, and the
transistor Q122 illustrated in FIG. 44 which will be described
later. Furthermore, the gate voltage ternary driving is pet-
formed on the gate signal line to which a transistor that
applies a voltage to the gate terminal of the driving transistor
Q120, such as the transistor Q125 illustrated in FIG. 44 which
will be described later.
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[0150] FIG. 15 is a timing chart of a gate signal line illus-
trating a fourth example of the gate voltage ternary driving.
The diagram shows the timing chart in the case where the
transistors are each the N-channel transistor, and the voltage
Von is applied for a period of 3H. The voltage Vovd is applied
during the period of 1H without depending on the application
period of the voltage Von. With the period for applying the
voltage Von being longer, it is possible to write a video signal
voltage sufficiently into the pixel circuit 12 even when the
load capacitance of the source signal line 21 is large, or even
when the driving capacity of the switching transistor Q12
(FIG. 2) is low.

[0151] Itisto benoted that, in the timing chart illustrated in
each of FIG. 11, FIG. 13, FIG. 14, and FIG. 15, the circuit
configuration of the gate signal line driving unit illustrated in
FIG. 23 and FIG. 25 which will be described later is applied.

[0152] Inaddition, FIG. 11, FIG. 13, FIG. 14, and FIG. 15
each illustrates an example in the case where the transistor is
the N-channel transistor. It should be understood thatit is only
required to invert the polarity of the voltage amplitude when
the transistors are each the P-channel transistor.

[0153] The charge of the capacitance between the gate and
the source or the charge of the capacitance between the gate
and drain can be discharged in a short amount of time, by
applying the gate electrode of the transistor with the over-
drive voltage Vovd when switching the transistor from the ON
state to the OFF state as described above, and thus it is
possible to quickly set the transistor into the OFF state. In
addition, it is possible to successfully apply the video signal
voltage to the pixel circuit, by setting the application period of
the voltage Von as two or more H periods.

[0154] It should be understood that the gate signal line
driving unit illustrated in FIG. 21 etc., which will be described
later, can be applied to the above-described ternary driving.
However, the relationship between the clock CK, Din, and
Out needs naturally to be adapted to the circuit configuration,
etc. illustrated in FIG. 21 which will be described later.

[0155] FIG. 16 illustrates a driving waveform showing
details of the write controlling signal CNT22(;) of the image
display apparatus 10 according to Embodiment 1.

[0156] The voltages are as follows in the present embodi-
ment: the voltage V22on=-10V; the voltage V220ff=10V,
and the voltage V220vd=20V. In this case, a turned OFF time
of the transistor Q22 is approximately 1.5 us. Furthermore,
when the gate voltage binary driving is performed in this case,
the turned OFF time of the transistor Q22 is approximately
4.2 ps.

[0157] As described above, the charge of the capacitance
between the gate and the source or the charge of the capaci-
tance between the gate and drain can be discharged in a short
amount of time, by applying the gate with the over-drive
voltage V220vd when switching the transistor Q22 from the
ON state to the OFF state as described above, and thus it is
possible to quickly set the transistor Q22 into the OFF state.
With this, a variation in an image signal voltage or crosstalk
between pixel circuits can be suppressed, and thus it is pos-
sible to further suppress luminance gradient, display uneven-
ness, etc.

[0158] Itis to be noted that the reason why the write con-
trolling signal CNT22(7) is reset to the voltage V22off after
the over-drive voltage V22ovd is applied for a predetermined
time period is to prevent a change in the characteristics of the
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transistor Q22 due to an excessive application of the over-
drive voltage V22o0vd for a long period of time to the gate of
the transistor Q22.

[0159] In addition, the time period for which the voltage
V22on is applied is not limited to the one horizontal scanning
period (1H: the selecting period for one pixel row). As illus-
trated in FIG. 16, the time period for which the voltage V22on
is applied may be a period of nH (n is an integer not less than
one). With the value n being set as two or more, itis possible
to sufficiently apply the image signal voltage to each of the
pixel rows even when the load capacitance of the gate signal
line 22(j) is large.

[0160] Inaddition, the period ais a period of 1H or shorter.
This is for the purpose of preventing a change in the charac-
teristics of the transistor Q22 due to an excessive application
of the over-drive voltage V22o0vd for a long period of time to
the gate of the transistor Q22.

[0161] Meanwhile, the display controlling signal CNT23(i)
performs the gate voltage binary driving during the display
period Td. Accordingly, the voltage applied to the gate signal
line 23 changes from Von to Voff. and the change is relatively
slow. However, the rounding of the voltage waveform of the
display controlling signal CNT23(i) delays only slightly the
start and the end of the display operation of the pixel circuits,
and thus image display quality does not decrease.

[0162] For the same reason, the display controlling signal
CNT23() does not require the gate voltage ternary driving.

[0163] Next, the first gate driving circuit 14 and the second
gate driving circuit 15 will be described in detail. The write
controlling signals CNT22(1) to CNT22(») each have a volt-
age waveform having the voltage V22on, the voltage V22ovd,
and the voltage V22off as illustrated in FIG. 8, and it is
possible to generate the write controlling signals CNT22(2)
to CNT22(n) by sequentially shifting the write controlling
signal CN'T22(1).

[0164] Furthermore, the display controlling signals CNT23
(1) to CNT23(») each have a voltage waveform having the
voltage V23on and the voltage V23off, and it is possible to
generate the display controlling signals CNT23(2) to CNT23
(n) by sequentially shifting the display controlling signal
CNT23(1).

[0165] For that reason, the first gate driving circuit 14 and
the second gate driving circuit 15 can each include: shift
register units each having a length corresponding to at least
the same number of the pixel circuit rows included in the
image display panel 11 and shifting and outputting a digital
signal per clock input; and voltage outputting units each can
convert an output from each of the shift register units into a
control signal having a predetermined voltage and an ampli-
tude, and also can apply, for a predetermined period, an
over-drive voltage which has an amplitude exceeding at least
one of rising and falling of the control signal. It is to be noted
that in the present application, “length of the shift register
unit” can also be referred to as “the number of stages of the
shift register units”.

[0166] The gate signal line 22(j) is supplied with the write
controlling signal CN'T22(i) resulting from applying an over-
drive voltage for a predetermined period to a selected one of
three voltages, 1.e., the voltage V22on, the voltage V22ovd,
and the voltage V22off, and the gate signal line 23(i) is sup-
plied with the display controlling signal CN'T23(7) whichis a
selected one of two voltages, i.e., the voltage V23on and the
voltage 23off without applying the over-drive voltage.
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[0167] FIG. 1 and FIG. 2 each illustrate an example in
which the bilateral driving is performed on the gate signal
lines 22(i) and 23(i). However, the gate signal line 23(j) is a
signal line to which a signal for turning ON or OFF the
switching transistor Q23 is applied. Accordingly, the switch-
ing transistor Q23 does not require a high slew rate operation.
Thus, the gate signal line 23(7) may be driven by the unilateral
driving. The following describes a configuration of the image
display apparatus in which the unilateral driving is applied to
the gate signal line 23(7).

[0168] FIG. 17 is a schematic diagram illustrating a con-
figuration of an image display apparatus according to a sec-
ond modification example of an embodiment.

[0169] The gate signal lines 22(7) are each drawn from the
left side of the image display panel 11 and connected to the
first gate driving circuit 14, and also drawn from the right side
of the image display panel 11 and connected to the second
gate driving circuit 15, in FIG. 17. In contrast, the gate signal
lines 23(i) are each drawn from the left side of the image
display panel 11 and connected to the first gate driving circuit
14, in FIG. 17.

[0170] As described above, in the image display panel 11
according to the present embodiment, the gate signal lines
22(i) and the gate signal lines 23(i) are connected in common
to the pixel circuits 12(7, 1) to 12(i, m) arranged in the row
direction.

[0171] The gate signal lines 22(7) each are drawn from the
both sides of the image display panel 11, have one end con-
nected to the first gate driving circuit 14 and the other end
connected to the second gate driving circuit 15. Accordingly,
the bilateral driving is applied to the gate signal lines 22(i).
The bilateral driving is applied to the gate signal lines 23(i).

[0172] FIG. 18 is a diagram illustrating a connection state
between the gate driving circuits and the pixel circuits accord-
ing to the second modification example of Embodiment 1.
FIG. 18 is a diagram illustrating a connection state between
the gate driving circuits and the pixel circuit 12 as with FIG.
3. Each of the gate driving circuits includes two gate signal
line driving units. The first gate driving circuit 14 and the
second gate driving circuit 15 each drive the gate signal lines
22, and the first gate driving circuit 14 further drives the gate
signal lines 23.

[0173] The gate signal line driving unit 32 A of the first gate
driving circuit 14 and the gate signal line driving unit 32A of
the second gate driving circuit 15 drive the gate signal lines
23(i). The gate signal line driving unit 32B of the first gate
driving circuit 14 drives the gate signal lines 22(7).

[0174] The gate signal lines 23(7) are each a signal line to
which a signal for turning ON or OFF the switching transistor
Q23 is applied. Accordingly, the switching transistor Q23
does not require a high slew rate operation. Thus, the gate
signal lines 23(/) may be driven by the unilateral driving,

[0175] The first gate driving circuit 14 disposed on the left
side drives all of the gate signal lines formed on the display
panel 11, whereas the second gate driving circuit 15 disposed
on theright sidedrives half of the gate signal lines disposed on
the display panel 11. Accordingly, the number of the second
gate driving circuits 15 disposed on the right side may be half
the number of the first gate driving circuits 14 disposed on the
left side. For the reasons described above, with the image
display apparatus illustrated in FIG. 18, it is possible to real-
ize more cost reduction compared to the image display appa-
ratus illustrated in FIG. 1.
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[0176] FIG. 19 is a diagram showing an arrangement rela-
tionship between the image display panel, the gate driving
circuits, the source driving circuit, etc. according to the sec-
ond modification example. More specifically, FIG. 19 is a
schematic diagram showing the image display panel in the
case where the bilateral driving is applied to the gate signal
lines 22(i), and the unilateral driving is applied to the gate
signal lines 23(i). FIG. 19 is the same as FIG. 4 other than the
connecting state of the gate signal lines, the number of the
gate driver ICs disposed on the right and left sides, etc., and
thus description will be omitted.

[0177] According to the present embodiment, the gate driv-
ing circuits are integrated as a single monolithic IC, by group-
ing, per plural outputs, circuits each including a combination
of the shift register unit and the voltage outputting unit. In the
following description, the IC is referred to as a gate driver
integrated circuit or a gate driver IC. In addition, the circuit
including the combination of the shift register unit and the
voltage outputting unit is referred to as a gate signal line
driving unit.

[0178] In the following description, it is assumed that the
number of the pixels in the row direction of the image display
panel 11 is n=128 for the purpose of illustration. It is also
assumed that the gate signal line driving units each having
64-pixel outputs are integrated for two circuits in a single gate
driver integrated circuit. However, the number of the pixels in
the row direction of theimage display panel 11, the number of
the gate signal line driving units of the gate driving circuit,
and the number of the outputs thereof, according to the
present disclosure are not limited to those described above.
[0179] FIG. 20 is a circuit diagram of a gate driver inte-
grated circuit 30 of the image display apparatus according to
Embodiment 1. The gate driver integrated circuit 30 includes
two gate signal line driving units 32A and 32B. The gate
signal line driving unit 32A includes a shift register unit 36A
and a voltage outputting unit 38A.

[0180] The shift register unit 36 A includes 64 D-type flip-
flops 42, and 64 AND gates 44 provided on a one-to-one basis
to the outputs of the D-type flip-flops 42.

[0181] Each of the clock terminals of the D-type flip-flops
42 is connected to the clock input terminal CkA of the gate
driver integrated circuit 30. The 64 D-type flip-flops 42 are
connected in a cascade arrangement, a data terminal of the
D-type flip-flop 42 at the top is connected to a data input
terminal DinA of the gate driver integrated circuit 30, and an
output terminal of the D-type flip-flops 42 at the end is con-
nected to a data output terminal DoutA of the gate driver
integrated circuit 30. One of the input terminals of each of the
AND gates 44 is connected to the output terminal of a corre-
sponding one of the D-type flip-flops 42, and the other is
connected to an enable input terminal EneA of the gate driver
integrated circuit 30.

[0182] The shift register unit 36 A sequentially shifts, per
clock, a digital signal supplied to the data input terminal
DinA, and outputs the digital signal from the output terminal
of each of the D-type flip-flops 42. At this time, when the
enable input terminal EneA is at a high level, the output of
each of the D-type flip-flops 42 is output from a correspond-
ing one of the AND gates 44. In addition, when the enable
input terminal EneA is at a low level, a low level voltage is
output from all of the AND gates 44 irrespective of the output
of the D-type flip-flops 42.

[0183] The voltage outputting unit 38A includes: 64 tran-
sistor control unit 46; 64 transistors 47, 64 transistors 48; and
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64 transistors 49. The transistor control units 46 each gener-
ates a signal for turning ON or OFF the transistors 47 and 48
based on the output from a corresponding one of the AND
gate outputs 44, and shifts a level of the generated signal to a
voltage that matches each of the transistors 47 and 48.
According to the present embodiment, the transistor 47 is the
P-channel transistor and the transistor 48 is the N-channel
transistor.

[0184] FIG. 21 illustrates a circuit diagram of each of the
transistor control units 46 of the image display apparatus 10
according to Embodiment 1. FIG. 22 is a timing chart illus-
trating an operation of the transistor control unit 46. The
transistor control units 46 each include: a delay unit 51; a
logic gate 52; a logic gate 53; and level shift units 57 to 59.

[0185] The delay unit 51 includes, for example, a D-type
flip-flop, and delays an output of a corresponding one of the
AND gates 44 by a predetermined time period based on a
predetermined clock (not illustrated). The logic gate 52 out-
puts ahigh level voltage when the output of the corresponding
one of the AND gates 44 and the output of the delay unit 51 are
both at a low level. The logic gate 53 outputs a high level
voltage when the output of the corresponding one of the AND
gates 44 is at a low level and the output of the delay unit 51 is
at a high level.

[0186] Thelevel shift unit57 shifts the level of the output of
the corresponding AND gate 44 to a voltage that matches the
transistor 47, the level shift unit 58 shifts the level of the
output of the logic gate 52 to a voltage that matches the
transistor 48, and the level shift unit 59 shifts the level of the
output of the logic gate 53 to a voltage that matches the
transistor 49. It is to be noted that, according to the present
embodiment, the transistor 47 is the P-channel transistor, and
thus the level shift unit 57 is a level shifter of an inverter type.

[0187] Transistor 47 is a transistor which operates as a
switch and includes (i) one terminal connected to a power
supply terminal VonA of the gate driver integrated circuit 30
and (ii) the other terminal connected to an output terminal
OutAi (1=i=64) of the gate driver integrated circuit 30. The
transistors 48 is also a transistor which operates as a switch
and includes (i) one terminal connected to a power supply
terminal VoffA ofthe gate driver integrated circuit 30 and (ii)
the other terminal connected to an output terminal OutAi of
the gate driver integrated circuit 30. The transistors 49 is also
a transistor which operates as a switch and includes (i) one
terminal connected to a power supply terminal VovdA of the
gate driver integrated circuit 30 and (ii) the other terminal
connected to an output terminal OutAi of the gate driver
integrated circuit 30.

[0188] Thetransistor47 is turned ON and the transistors 48
and 49 are turned OFF, thereby selecting and outputting a
voltage of the power supply terminal VonA. The transistor 48
is turned ON and the transistors 47 and 49 are turned OFF,
thereby selecting and outputting a voltage of the power sup-
ply terminal VoffA. The transistor 49 is turned ON and the
transistors 47 and 48 are turned OFF, thereby selecting and
outputting a voltage of the power supply terminal VovdA.

[0189] Accordingly, it is possible to perform the gate volt-
age ternary driving by setting the voltage of the power supply
terminal VovdA at the voltage V220vd. It is thus possible to
apply, for a predetermined time period, the over-drive voltage
V220vd which has an amplitude exceeding the voltage
(V220n-V22o0f) at rising or falling of the write controlling
signal CNT22(7).
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[0190] Meanwhile, it is possible to perform the gate voltage
binary driving by setting the voltage of the power supply
terminal VovdA to the same voltage as the power supply
terminal VoffA. In other words, it is possible to generate a
control signal which does not apply the over-drive voltage.
Alternatively, the gate voltage ternary driving can also be
performed by resetting the delay unit 51 to fix the output atthe
low level. Switching between the gate voltage ternary driving
and the gate voltage binary driving may be, of course, per-
formed by a dedicated control terminal.

[0191] The gate signal line driving unit 32B has the same
configuration as the gate signal line driving unit 32 A, and thus
detailed description will be omitted. However, the gate signal
line driving unit 32B includes: a clock input terminal CkB; a
data input terminal DinB; a data output terminal DoutB; an
enable input terminal EneB; a power supply terminal VonB; a
power supply terminal VoffB; a power supply terminal
VovdB; and output terminals OutB1 to OutB64, which
respectively correspond to: the clock input terminal CkA; the
data input terminal DinA; the data output terminal DoutA ; the
enable input terminal EneA; the power supply terminal VonA,;
the power supply terminal VoffA; the power supply terminal
VovdA; and the output terminals OutAl to OutA64, which
are included in the gate signal line driving unit 32A.

[0192] As described above, the gate driver integrated cir-
cuit 30 according to the present embodiment includes: the
clock input terminals CkA and CkB; the enable input termi-
nals EneA and EneB; and the data input terminals DinA and
DinB, which are independent of each other, and integrally
includes the shift register units each having the length corre-
sponding to half or smaller than the number of pixel circuit
rows included in the image display panel, and the voltage
output units each convert an output from each of the shift
register units into a control signal having a predetermined
voltage and an amplitude, and also apply, for a predetermined
time period, an over-drive voltage which has an amplitude
exceeding at least one of rising and falling of the control
signal. The first gate driving circuit 14 and the second gate
driving circuit 15 each include a plurality of the gate driver
integrated circuits.

[0193] It is to be noted that the transistor control unit 46
illustrated in FIG. 21 generates the Vovd voltage using the
delay unit 51. However, the circuit system for implementing
the gate voltage ternary driving according to the present dis-
closure is not limited the one illustrated in FIG. 21. For
example, FIG. 23 illustrates an example.

[0194] FIG. 23 illustrates a pixel circuit of a transistor con-
trol unit of an image display apparatus according to a third
modification example of Embodiment 1. The shift register
unit includes a shift register circuit 36¢ and a shift register
circuit 365. The shift register circuits 36a and 365 are sup-
plied with the same clock CIk. The shift register circuit 36a is
supplied with data Vovd-Din indicating the position of a pixel
row to which an over-drive voltage Vovd is applied. The shift
register circuit 365 is supplied with data Von-Din indicating
the position of a pixel row to which an ON voltage Von is
applied. Other elements have been described with reference
to FIG. 1, FIG. 2, FIG. 4, F1G. 18, FIG. 20. FIG. 21, etc., and
thus description will be omitted.

[0195] When an output of the D-type flip-flop 42 included
in the shift register circuit 364 is a, and an output of the D-type
flip-flop 42 included in the shift register circuit 365 is b, the
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selecting circuit 45 performs an operation illustrated in FIG.
24. F1G. 24 is a diagram showing voltages selected by the
selecting circuit 45.

[0196] Ttistobenoted that the selecting circuit 45 is a logic
circuit included in a 2-3 decoder. Three outputs are varied by
the input a or b, to control ON or OFF of the transistors (47,
48, and 49) etc. connected to the outputs. One of the voltage
Von, the voltage Voff, and the voltage Vovd is selected in
response to the ON or OFF control on the transistors (46, 47,
and 48), and the terminal OutA outputs a voltage to the gate
signal line 22(23). As illustrated in FIG. 24, a voltage is
selected according to the inputs a and b.

[0197] Forexample, when the input a=0 (low level) and the
input b=0 (low level), the OFF voltage Voffis output from the
terminal OutA. When the input a=0 (low level) and the input
b=1 (high level), the OFF voltage Vovd is output from the
terminal OutA. When the input a=1 (high level) and the input
b=0 (low level), the ON voltage Von is output from the ter-
minal OutA. When the input a=1 (high level) and the input
b=1 (high level), the ON voltage Von is output from the
terminal OutA.

[0198] With the configuration illustrated in FIG. 23, it is
possible to perform the gate voltage ternary driving without
the delay unit 51. In addition, the voltage Vovd can be set in
synchronization with the clock Clk per 1H (the selecting
period for one pixel row). In addition, the voltage Von and the
voltage Voff can be set per 1H (one clock unit) according to
the data supplied to the terminals Vovd-Din and Von-Din. For
example, it is possible to easily set the voltage Von to nH (n is
an integer not less than one).

[0199] FIG. 25 is a circuit diagram of the transistor control
unit including a single shift register circuit. The shift register
unit includes a single shift register circuit 36 as illustrated in
the diagram. The shift register circuit 36 is supplied with the
clock Clk. The shift register circuit 36 is supplied with data
Von-Din indicating the position of a pixel row to which an ON
voltage Vovd is applied. Other elements have been described
with reference to FIG. 1, FIG. 2, FIG. 4, FIG. 18, FIG. 20,
FIG. 21, etc., and thus description will be omitted.

[0200] FIG. 26 is a driving waveform diagram illustrating
the details of a write controlling signal of the image display
apparatus according to Embodiment 1. As illustrated in (b) in
FIG. 26, in the gate voltage ternary driving, the voltage Vovd
is applied to the terminal Out subsequent to applying the
voltage Von, and then the voltage Voff is further applied after
the period of 1H. In other words, in the gate voltage ternary
driving, the voltage Vovd is always applied when shifting
from the voltage Von to the voltage Voff.

[0201] When an output of one of the D-type flip-flops 42
included in the shift register circuit 36 is 1 and an output of the
next D-type flip-flop is (i+1), the selecting circuit 45 performs
an operation illustrated in FIG. 27. FIG. 27 is a diagram
showing a second example of voltages selected by the select-
ing circuit 45, As illustrated in FIG. 27, a voltage 1s selected
according to the inputs i and (i+1).

[0202] Itistobenoted that the selecting circuit 45 is a logic
circuit included in a 2-3 decoder with the inputs being i and
(i+1). Three outputs are varied by the inputs i and (i+1), to
control ON or OFF of the transistors (47, 48, and 19) etc.
connected to the outputs. One of the voltage Von, the voltage
Voff, and the voltage Vovd is selected in response to the ON or
OFF control on the transistors (46, 47, and 48), and the
terminal OutA outputs a voltage to the gate signal line 22(23).



US 2015/0279272 Al

[0203] Forexample, when the input i=0 (low level) and the
input (i+1)=0 (low level), the OFF voltage Voff is output from
the terminal OutA. When the input i=0 (low level) and the
input (i+1)=1 (high level), the OFF voltage Vovd is output
from the terminal OutA. When the input i=1 (high level) and
the input (i+1)=0 (low level), the ON voltage Von is output
from the terminal OutA. When the input i=1 (high level) and
the input (i+1)=1 (high level), the ON voltage Von is output
from the terminal OutA.

[0204] With the configuration illustrated in FIG. 25, it is
possible to perform the gate voltage ternary driving without
the delay unit 51. In addition, the voltage Vovd can be set in
synchronization with the clock Clk per 1H (the selecting
period for one pixel row). In addition, the voltage Von and the
voltage Voff can be set per 1H (one clock unit) according to
the data supplied to the terminal Von-Din. For example, it is
possibleto easily set the voltage Von to nH (n is an integer not
less than one). With the configuration illustrated in FIG. 25, it
is possible to perform the gate voltage ternary driving with a
single shift register circuit 36.

[0205] FIG. 28 is a diagram illustrating a switching circuit
according to Embodiment 1. The switching circuit 361a and
365 each have a function of selecting one of the voltage Voff,
the voltage Vovd, and the voltage Von, and outputs the
selected voltage to the gate signal line 22. As illustrated in
FIG. 28, each of the switching circuits 361a and 3615
includes: a terminal a to which the voltage Vovd is applied; a
terminal b to which the voltage Voff is applied; and a terminal
¢ to which the voltage Von is applied. According to a logic
signal applied to a terminal d (two bits), one of the voltages
Vovd, Voff, and Von is selected. The logic signal of the ter-
minal d is based on data held in the shift register circuit 36.
[0206] The switching circuits 361a and 3615 switch out-
puts from the voltage Von to the voltage Vovd, and then to the
voltage Voff, thereby implementing the gate voltage ternary
driving. In contrast, the switching circuits 361a and 3615
switch outputs from the voltage Von to the voltage Voff,
thereby implementing the gate voltage binary driving.
[0207] FIG. 29 is a diagram illustrating an example of a
configuration of the gate driver circuit according to Embodi-
ment 1. As illustrated in FI1G. 29, a voltage Von2 or a voltage
Vonl is applied from the driver input terminal 243a. The
voltage applied from the driver input terminal 243a is trans-
mitted to the output circuit 38 through a COF line 241a
formed on the COF 191.

[0208] The switching circuit 361 is connected to a minus
power supply (- power supply) terminal of the output circuit
38. Meanwhile, an ON voltage is applied to a plus power
supply (+ power supply) terminal of the output circuit 38.
[0209] Itis possible to vary the ON voltage (voltage Von) to
be output from the terminal Out, by varying the ON voltage to
be applied to the driver input terminal 2434. In addition, one
of the over-drive voltage Vovd and the OFF voltage Voff,
which are supplied to the switching circuit 361, is selected
according to the logic signal of the control terminal C1, and
applied to the minus power supply (- power supply) terminal
of the output circuit 38.

[0210] With the configuration described above, one of the
voltage Von, the voltage Voff, and the voltage Vovd is output
from the terminal Out, and the gate voltage ternary driving or
the gate voltage binary driving is performed.

[0211] FIG.301s adiagram explaining a variable control of
an ON voltage of the gate signal line driving unit according to
Embodiment 1. FIG. 31 is a diagram illustrating a waveform
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of the ON voltage of the gate signal line driving unit on which
the variable control is petformed. More specifically, the dia-
gram illustrating a waveform in FIG. 31 exemplifies the gate
voltage binary driving. As illustrated in FIG. 30, the ON
voltage VonA of the gate signal line driving unit 324 is set by
a voltage circuit E1 outside the COF. A switching power
supply circuit, a regulator circuit, or the like corresponds to
the voltage circuit E1. The voltage circuit E1 outputs the
voltage Von of the gate signal line driving unit 32a.

[0212] The ON voltage VonB of the gate signal line driving
unit 325 is set by a voltage circuit E2 outside the COF. A
switching power supply circuit, a regulator circuit, or the like
corresponds to the voltage circuit E2. The voltage circuit E2
outputs the voltage Von of the gate signal line driving umt
32b. The terminal Von is formed or disposed on at least two
positions of the gate driver IC30.

[0213] As illustrated in FIG. 31, it is possible to vary the
amplitude of the voltage to be applied to the gate signal line
22, by setting a magnitude of the voltage Von. In the diagram
in the upper stage of FIG. 31, the ON voltage isa Von 1. In the
diagram in the lower stage of FIG. 31, the ON voltage is a Von
2. It is indicated that Von 1<Von2. The above-described volt-
age settings can be carried out by the gate signal line driving
units 32a and 325. It is to be noted that a time period for
applying the voltage Von is nH (n is an integer not less than
one), and n can be varied by a controller (not illustrated).
[0214] As with the voltage Von, the voltages Voff and Vovd
can be varied, adjusted, or set by the gate signal line driving
units 32a and 325. In addition, since these configurations are
the same as those illustrated in FIG. 30 and FIG. 31, descrip-
tion shall be omitted.

[0215] FIG. 26 illustrates a voltage waveform of a voltage
applied to the gate signal line 22 connected to a P-channel
transistor Q (P-polarity). In FIG. 26, (a) illustrates a voltage
waveform in the case of the gate voltage binary driving. In
FIG. 26, (b) illustrates a voltage waveform in the case of the
gate voltage ternary driving.

[0216] The gate voltage binary driving and the gate voltage
ternary driving are determined by a logic voltage applied to
the selecting signal line (the terminal SelA and the terminal
SelB) in FIG. 10.

[0217] Asillustratedin (a) in FIG. 26, a long period of time
t1 is required for varying the voltage Von to the voltage Voff
with the gate voltage binary driving. When t1 is long, a video
signal written on a pixel in this time period might leak, and
crosstalk or the like might occur between pixels adjacent
above or below.

[0218] By executing the gate voltage ternary driving illus-
trated in (b) in FIG. 26, the period of time taken for varying
the voltage Von is significantly reduced to 2 as in the dia-
gram. Accordingly, leakage of a video signal written on a
pixel or crosstalk or the like between pixels adjacent above or
below does not occur.

[0219] With the gate voltage ternary driving, after an appli-
cation period of the voltage Von, the voltage Vovd is applied
during a period of 1H or during a period shorter than 1H. It s
to be noted that, with the configuration illustrated in F1G. 23
and FIG. 25, the voltage Vovd is applied for a period of 1H or
longer. It is to be noted that the period of 1H is one horizontal
scanning period or a selecting period for one pixel row.
[0220] After the application period of the voltage Vovd, the
voltage Voffis applied to the gate signal line 22(7) correspond-
ing to a selected pixel row, and the gate signal line 22(i) is kept
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at the voltage Voff during a period before the voltage Von is
applied in the next frame period.

[0221] When the logic voltages applied to the terminals Sel
are set at “L”, the driving mode is set as the gate voltage
binary driving. When the logic voltages applied to the termi-
nals Sel are set at “H”, the driving mode is set as the gate
voltage ternary driving.

[0222] It is preferable that the period during which the
voltage Vovd is applied is set to the period of 1H or during a
period shorter than 1H. The period during which the voltage
Von is applied is set to nth (n is an integer not less than one)
of the period of 1H and not less than the period of 1H, and the
value of n is variable.

[0223] FIG. 32 is a driving waveform diagram illustrating
the write controlling signal of the image display apparatus
according to the first modification example of Embodiment 1.
Specifically, FIG. 32 is a waveform diagram of the gate volt-
age binary driving ((a) in FIG. 32) and the gate voltage ternary
driving ((b) in F1G. 32) in the case where the transistor Q is the
N-channel (N polarity) transistor. The pixel circuit corre-
sponding to the pixel configuration of the P-channel transistor
of FIG. 2 is illustrated in, for example, FIG. 12. FIG. 12
illustrates an example of the pixel circuit configured of
N-channel transistor.

[0224] As illustrated in FIG. 32, the polarity of voltage
waveforms is inverted between the case where the transistor
Q is the N-channel transistor as in FIG. 32 and the case where
the transistor Q is the P-channel transistor as in FIG. 26.
[0225] The voltage waveform of a voltage applied to the
gate signal line 22 in the case of FIG. 12 shows a reverse
polarity with respect to the voltage waveform in the case of
FIG. 2. For example, in the case of the pixel configuration in
FIG. 12, FIG. 33 corresponds to the timing chart in FIG. 8.
FIG. 33 is a timing chart of an image signal voltage, a write
controlling signal, and a display controlling signal, of the
image display apparatus according to the first modification
example of Embodiment 1.

[0226] Here, FIG. 34 is a timing chart illustrating an opera-
tion of the first gate driving circuit according to Embodiment
1. FIG. 35 is a timing chart illustrating an operation of the first
gate driving circuit according to the first modification
example of Embodiment 1. More specifically, FIG. 34 is a
timing chart of the first gate driving circuit 14 in the case
where the transistor Q is the P-channel transistor, and FIG. 35
is a timing chart of the first gate driving circuit 14 in the case
where the transistor Q is the N-channel transistor.

[0227] 1Inaddition, FIG. 36 is a first example of the timing
chart illustrating an operation of the second gate driving
circuit according to Embodiment 1. F1G. 37 is a first example
of a timing chart illustrating an operation of the second gate
driving circuit according to the first modification example of
Embodiment 1. More specifically, FIG. 36 is a timing chart of
the second gate driving circuit 15 in the case where the tran-
sistor Q is the P-channel transistor, and FIG. 35 is a timing
chart of the second gate driving circuit 15 in the case where
the transistor Q is the N-channel transistor. Here, in the case
of the pixel configuration in FIG. 12, FIG. 37 corresponds to
the timing chart in FIG. 36.

[0228] In addition, FIG. 38 is a second example of the
timing chart illustrating an operation of the second gate driv-
ing circuit according to Embodiment 1. FIG. 39 is a second
example of a timing chart illustrating an operation of the
second gate driving circuit according to the first modification
example of Embodiment 1. More specifically, FIG. 38 is a
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timing chart of the second gate driving circuit 15 in the case
where the transistor Q is the P-channel transistor, and F1G. 39
is a timing chart of the second gate driving circuit 15 in the
case where the transistor Q is the N-channel transistor. Here,
in the case of the pixel configuration in FIG. 12, FIG. 39
corresponds to the timing chart in FIG. 38.

[0229] The transistor Q included in the pixel circuit accord-
ing to the present disclosure may either be the P-channel
transistor or be the N-channel transistor. A gate voltage cor-
responding to the polarity of the transistor Q is applied to the
gate signal line in the gate voltage binary driving and the gate
voltage ternary driving.

[0230] In the manner as described above, with the gate
driver circuit or the gate driver [C according to the present
invention, it is possible to change the voltage signal applied to
the gate signal line 22 according to the polarity of the tran-
sistor (P-channel or N-channel).

[0231] Inthe gate voltage ternary driving, a gate voltage is
applied to the gate signal line 22(7) connected to the gate
terminal of the transistor Q22 to which a video signal voltage
is applied. In other words, the gate voltage ternary driving is
performed on the gate signal line which requires the bilateral
driving. In the gate voltage binary driving, a gate voltage is
applied to the gate signal line 22(7) to which the gate terminal
of the transistor Q23 is connected. In other words, the gate
voltage binary driving is performed on the gate signal line
which does not require a high slew rate and to which the
unilateral driving is applied.

[0232] As described above, FIG. 10 is a diagram schemati-
cally illustrating the state in which the gate driver IC 30 is
mounted on the COF 191.

[0233] The data input terminal (DinA) for inputting data to
the shift register (not illustrated), the enable input terminal
(EneA) for enabling (outputting an ON voltage to the gate
signal line) or disabling (outputting an OFF voltage to the
gate signal line) an output of the shift register (not illustrated),
and the clock input terminal (CIkA) for inputting a clock that
shifts data in the shift register (not illustrated), are connected
to or disposed in the gate signal line driving unit 32a.

[0234] The data input terminal (DinB) for inputting data to
the shift register (not illustrated), the enable input terminal
(EneB) for enabling (outputting an ON voltage to the gate
signal line) or disabling (outputting an OFF voltage to the
gate signal line) an output of the shift register (not illustrated),
and the clock input terminal (C1kB) for inputting a clock that
shifts data in the shift register (not illustrated), are connected
to or disposed in the gate signal line driving unit 325.

[0235] COF lines 241a to 241e are formed on a flexible
substrate (COF) 191, and a signal or a voltage is applied from
each terminal to the gate driver IC 30, via the COF lines 241a
to 241e and a driver input terminal 243a and a driver input
terminal 2435.

[0236] An output of the gate driver IC 30 is connected to an
output terminal 245 via a driver output terminal 246 and a
COF line 241e. The gate signal line 22 is connected to the
output terminal 245.

[0237] As illustrated in FIG. 10, the driver input terminal
243a or 2435 is disposed at one or more positions on each
longitudinal side of the chip of the driver IC. With the above-
described configuration, the effect of potential drop of a volt-
ageis reduced, and an operation of the driver IC is not affected
when one of the driver input terminals (243a and 2435)
becomes disconnected.
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[0238] As illustrated in FIG. 10, the terminals Sel and the
terminals Voff are disposed between the input terminals Von
(VonA and VonB) and the gate output terminals 246. The
control terminals such as DinA, EneA, CIkA, DinB, and CIkB
are each formed or disposed at two or more positions of the
gate driver IC 30. It is preferable that the above-described two
or more positions may be arranged so as to be line symmetric
with respect to a center line of the short side of the gate driver
IC.

[0239] In an input stage of each of the control terminals
such as DinA, EneA, ClkA, DinB, EneB, and CIkB, an input
stage circuit, for example, Schmitt circuit or a hysteresis
circuit is formed. In addition, the gate signal line driving unit
32 is configured so as to latch an input signal.

[0240] For example, a clock which is supplied to the con-
necting terminal 244a at CIkB is applied to the driver input
terminal 243¢ via the COF line 241a. A noise component of
the clock signal applied to the driver input terminal 243a is
removed in the Schmitt circuit of the gate signal line driving
unit 324 and the clock signal is latched by the latch circuit (not
illustrated). Clock data that is latched is output to the driver
input terminal 2435 via a line (not illustrated) formed inside
the gate signal line driving unit 32a. The clock data CIkB
output from the driver input terminal 2435 is output from the
connecting terminal 2445 via the COF line 241c.

[0241] Itis to be noted that a COF line (not illustrated) may
be formed between the driver input terminal 243a and the
driver input terminal 2434. With the COF line, it is possible to
stabilize transmission of control data.

[0242] A plurality of input terminals for the ON voltages
Von (VonA and VonB) are disposed or formed.

[0243] According to the configuration illustrated in FIG.
10, the gate signal line driving unit 32a and the gate signal line
driving unit 325 are formed or disposed on the gate driver IC
30. Selecting terminals (SelA and SelB) and Two OFF volt-
age input terminals (Voffand Vovd) and one ON voltage input
terminal (VonA for the gate signal line driving unit 32, and
VonB for the gate signal line driving unit 324) are connected
to the gate signal line driving units 32a and 325.

[0244] The terminals Sel (SelA and SelB) are pulled down.
The terminals Sel are logic terminals for switching between
the gate voltage ternary driving and the gate voltage binary
driving.

[0245] The gate driver IC 30 outputs from the driver output
terminal 246 an ON voltage and an OFF voltage to be applied
to the gate signal line 22. The driver output terminal 246 and
the output terminal 245 are electrically connected by the COF
line 241¢ formed on the COF 191.

[0246] The driver input terminal 243a and the connecting
terminal 244a are electrically connected by the COF line
241a formed on the COF 191. In addition, the driver input
terminal 2435 and the connecting terminal 244b are electri-
cally connected by the COF line 241¢ formed on the COF
191.

[0247] A predetermined voltage such as a logic voltage is
applied to the logic terminal such as Sel from the connecting
terminal 244¢ of a panel. The above-described predetermined
voltage is applied to an operating terminal 234¢ of the gate
driver IC 30 via a line 2414 which is formed on the COF 191
and connects one point in the COF and a connecting terminal.
[0248] An operating terminal 247 of the gate driver IC 30 is
disposed or formed: between the driver output terminal 246
and the driver input terminal 243a or between the driver
output terminal 246 and the driver input terminal 243b; or
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between the driver output terminal 246 and the driver input
terminal 243a and between the driver output terminal 246 and
the driver input terminal 2435. As described above, FIG. 17 is
a schematic diagram illustrating a configuration of the image
display apparatus 10 according to a second modification
example of Embodiment 1. The configuration illustrated in
FIG. 17 differs from the configuration illustrated in FIG. 1 in
that one end of the gate signal line 22(i) is connected to the
first gate driving circuit 14, and the other end of the gate signal
line 22(j) is connected to the second gate driving circuit 15,
and that the one end of the gate signal line 23(7) is connected
to the first gate driving circuit 14. Accordingly, the bilateral
driving is applied to the gate signal line 22(7), and the unilat-
eral driving is applied to the gate signal line 23(i).

[0249] FIG. 40 is a circuit diagram illustrating a pixel cir-
cuit of the image display apparatus according to the second
modification example of Embodiment 1. The source signal
lines 21(y) are each drawn from an upper side of the image
display panel 11, and connected to the source driving circuit
16 in FIG. 17. The gate signal lines 22() are each drawn from
the left side of the display panel 11 and connected to the first
gate driving circuit 14, and also drawn from the right side of
the display panel 11 and connected to the second gate driving
circuit 15, in FIG. 17. The gate signal lines 23(i) are each
drawn from the left side of the image display panel 11 and
connected to the first gate driving circuit 14 in FIG. 17.

[0250] The following describes the image display appara-
tus according to the second modification example, focusing
on differences from the image display apparatus according to
Embodiment 1 illustrated in FIG. 1 and FIG. 2.

[0251] As described above, in the image display panel 11
according to the second modification example of the present
embodiment, the gate signal line 22(7) and the gate signal line
23(i) are connected in common to the pixel circuits 12(i, 1) to
12(i, m) arranged in the row direction.

[0252] The first gate driving circuit 14 supplies each of the
gate signal lines 22(i) with a write controlling signal CNT22
(i) that is a first controlling signal, and supplies each of the
gate signal lines 23(i) with a display controlling signal
CNT23(i) that is a second controlling signal. In addition, the
second gate driving circuit 15 supplies each of the gate signal
lines 22(i) with the write controlling signal CNT22(i).

[0253] The gate signal line driving unit 32A of the first gate
driving circuit 14 and the gate signal line driving unit 32A of
the second gate driving circuit 15 drive the gate signal line
23(i). The gate signal line driving unit 32B of the first gate
driving circuit 14 drives the gate signal line 22(7).

[0254] The gate signal line 23(7) is a signal line to which a
signal for turning ON or OFF the switching transistor Q23 is
applied. Accordingly, the transistor Q23 does not require a
high slew rate operation. Thus, the gate signal line 23(i) may
be driven by the unilateral driving.

[0255] The first gate driving circuit 14 disposed on the left
side drives all of the gate signal lines formed on the image
display panel, whereas the second gate driving circuit 15
disposed on the right side drives half of the gate signal lines
disposed on the image display panel. Accordingly, the num-
ber ofthe second gate driving circuits 15 disposed on the right
side may be halfthe number ofthe first gate driving circuits 14
disposed on the left side. For the reasons described above, it
is possible to realize more cost reduction with the configura-
tion illustrated in FIG. 17 compared to the configuration
illustrated in FIG. 1.
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[0256] Other matters have been described with reference to
FIG. 1, FIG. 2, etc., and thus description will be omitted.
[0257] FIG. 41 is a diagram illustrating an example of a
configuration of the gate driving circuit of the image display
apparatus according to the second modification example of
Embodiment 1.

[0258] The first gate driving circuit 14 includes two gate
driver integrated circuits 30(1) and 30(2), and the second gate
driving circuit 15 includes one gate driver integrated circuit
30(3). Here, each of the gate driver integrated circuits 30(1) to
30(3) has the same circuit configuration as the circuit con-
figuration of the gate driver integrated circuit 30 illustrated in
FIG. 20.

[0259] Output terminals of the gate driver integrated circuit
30(1) and the gate driver integrated circuit 30(2) mounted on
the first gate driving circuit 14 are connected to the gate signal
lines 22(1) to 22(128) and the gate signal lines 23(1) to
23(128) which are drawn to the left side of the image display
panel 11. According to the present modification example, the
gate signal line 22(1) is connected to the output terminal
OutAl of the gate driver integrated circuit 30(1), the gate
signal line 22(2) is connected to the output terminal OutA2 of
the gate driver integrated circuit 30(1), the gate signal line
22(3) is connected to the output terminal OutA3 of the gate
driver integrated circuit 30(1), . . ., and the gate signal line
22(64) is connected to the output terminal OutA64 of the gate
driver integrated circuit 30(1).

[0260] Inaddition, the gate signal line 23(1) is connected to
the output terminal OutB1 of the gate driver integrated circuit
30(1), the gate signal line 23(2) is connected to the output
terminal OutB2 of the gate driver integrated circuit 30(1), . .
., and the gate signal line 23(64) is connected to the output
terminal OutB64 of the gate driver integrated circuit 30(1).
[0261] In addition, the gate signal line 22(65) is connected
to the output terminal OutAl of the gate driver integrated
circuit 30(2), the gate signal line 22(66) is connected to the
output terminal OutA2 of the gate driver integrated circuit
30(2), the gate signal line 22(67) is connected to the output
terminal OutA3 of the gate driver integrated circuit 30(2), ..
., and the gate signal line 22(128) is connected to the output
terminal OutA64 of the gate driver integrated circuit 30(2).
[0262] In addition, the gate signal line 23(65) is connected
to the output terminal OutB1 of the gate driver integrated
circuit 30(2), the gate signal line 23(66) is connected to the
output terminal OutB2 of the gate driver integrated circuit
30(2),...,and the gate signal line 23(128) is connected to the
output terminal OutB64 of the gate driver integrated circuit
3002).

[0263] The clock input terminal CkA and the clock input
terminal CkB of the gate driver integrated circuit 30(1), and
the clock input terminal CkA and the clock input terminal
CkB of the gate driver integrated circuit 30(2), are connected
to each other, and a first clock CK1 is supplied. In addition,
the enable input terminal EneA and the enable input terminal
EneB of the gate driver integrated circuit 30(1), and the
enable input terminal EneA and the enable input terminal
EneB of'the gate driver integrated circuit 30(2), are connected
to each other, and an enable signal EN1 is supplied.

[0264] The data output terminal DoutA of the gate driver
integrated circuit 30(1) is connected to the data input terminal
DinA of the gate driver integrated circuit 30(2), and the data
output terminal DoutB of the gate driver integrated circuit
30(1) is connected to the data input terminal DinB of the gate
driver integrated circuit 30(2). In the above-described man-
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ner, the gate driver integrated circuit 30(1) and the gate driver
integrated circuit 30(2) are connected in the cascade arrange-
ment.

[0265] The data input terminal DinA of the gate driver
integrated circuit 30(1) is supplied with a signal DI1 for
generating the write controlling signals 22(1) to 22(128), and
the data input terminal DinB of the gate driver integrated
circuit 30(1) is supplied with a signal DI2 for generating the
display controlling signals 23(1) to 23(128).

[0266] The power supply terminal VonA of the gate driver
integrated circuit 30(1) is connected to the power supply
terminal VonA of the gate driver integrated circuit 30(2) and
the voltage V22on is applied, the power supply terminal
VoffA of the gate driver integrated circuit 30(1) is connected
to the power supply terminal VoffA of the gate driver inte-
grated circuit 30(2) and the voltage V220ffis applied, and the
power supply terminal VovdA of the gate driver integrated
circuit 30(1) is connected to the power supply terminal
VovdA of the gate driver integrated circuit 30(2) and the
voltage V22o0vd is applied.

[0267] Furthermore, the power supply terminal VonB of the
gate driver integrated circuit 30(1) is connected to the power
supply terminal VonB of the gate driver integrated circuit
30(2) and the voltage V23on is applied, and the power supply
terminal VoffB of the gate driver integrated circuit 30(1) is
connected to the power supply terminal VoffB of the gate
driver integrated circuit 30(2) and the voltage V23off is
applied.

[0268] Meanwhile, output terminals of the gate driver inte-
grated circuit 30(3) mounted on the second gate driving cir-
cuit 15 are connected to the gate signal lines 22(1) to 22(128)
which are drawn to the right side of the image display panel
11. According to the present modification example, among
the gate signal lines 22(1) to 22(128), the gate signal line
22(1), the gate signal line 22(3), the gate signal line 22(5), . .
., and the gate signal line 22(127), which are the odd-num-
bered gate signal lines, are connected respectively to the
output terminal OutAl of the gate driver integrated circuit
30(3), the output terminal OutA2 of the gate driver integrated
circuit 30(3), the output terminal OutA3 of the gate driver
integrated circuit 30(3), . . . , and the output terminal OutA64
of the gate driver integrated circuit 30(3).

[0269] Inaddition, the gate signal line 22(2), the gate signal
line 22(4), the gate signal line 22(6), . . ., and the gate signal
line 22(128), which are the even-numbered gate signal lines,
are connected respectively to the output terminal OutB1 of
the gate driver integrated circuit 30(3), the output terminal
OutB2 of the gate driver integrated circuit 30(3), the output
terminal OutB3 of the gate driver integrated circuit 30(3), . .
., and the output terminal OutB64 of the gate driver integrated
circuit 30(3).

[0270] The clock input terminal CkA and the clock input
terminal CkB of the gate driver integrated circuit 30(3) are
connected to each other and a second clock CK2 is supplied.
Furthermore, the enable input terminal EneA and the enable
input terminal EneB of the gate driver integrated circuit 30(3)
are supplied with an enable signal EN2 and an enable signal
EN3, respectively. The data input terminal DinA and the data
input terminal DinB of the gate driver integrated circuit 30(3)
are connected to each other, and the signal DI2 for generating
the write controlling signals 22(1) to 22(128) are supplied.
[0271] Furthermore, the power supply terminal VonA and
the power supply terminal VouB of the gate driver integrated
circuit 30(3) are connected to each other and the voltage
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V22o0n is applied. The power supply terminal VoffA and the
power supply terminal VoffB of the gate driver integrated
circuit 30(3) are connected to each other and the voltage
V22off is applied. The power supply terminal VovdA and the
power supply terminal VovdB of the gate driver integrated
circuit 30(3) are connected to each other and the voltage
V220vd is applied.

[0272] FIG. 34 described above is also a timing chart illus-
trating an operation of the first gate driving circuit according
to the second modification example of Embodiment 1.

[0273] The first clock CK1 having a cycle of 3.5 us is
supplied to the clock input terminal CkA of the gate signal
line driving unit 32A of each of the gate driver integrated
circuit 30(1) and the gate driver integrated circuit 30(2), and
the enable input terminal EneA is fixed to the high level. The
signal DI1 having a pulse width of approximately 7.0 us is
supplied to the data input terminal DinA of the gate driver
integrated circuit 30(1).

[0274] The shift register unit 36A shifts and outputs the
signal DI1 for each input of the clock CK1. The voltage
outputting unit 38A outputs the voltage V22on when the
output of the shift register unit 36 A is at a high level, outputs
the over-drive voltage V22ovd for a predetermined time
period immediately after the output of the shift register unit
36A shifted from the high level to a low level, and then
outputs the voltage V220ff. In such a manner as described
above, the output terminal OutA1 of the gate driver integrated
circuit 30(1) outputs the write controlling signal CNT22(1),
the output terminal OutA2 outputs the write controlling sig-
nal CNT22(2), . . ., and the output terminal OutA64 outputs
the write controlling signal CN'T22(64).

[0275] In addition, since the gate driver integrated circuit
30(1) and the gate driver integrated circuit 30(2) are con-
nected in the cascade arrangement, the output terminal OutA1l
of the gate driver integrated circuit 30(2) outputs the write
controlling signal CNT22(65), the output terminal OutA2
outputs the write controlling signal CNT22(66), . . ., and the
output terminal OutA64 outputs the write controlling signal
CNT22(128).

[0276] The first clock CK1 having a cycle of 3.5 us is
supplied to the clock input terminal CkB of the gate signal
line driving unit 32B of each of the gate driver integrated
circuit 30(1) and the gate driver integrated circuit 30(2), and
the enable input terminal EneB is fixed to the high level. The
signal DI2 which stays at a high level during most of the one
field period other than the high level period of the signal DI1
is supplied to the data input terminal DinB of the gate driver
integrated circuit 30(1).

[0277] The shift register unit 368 shifts and outputs the
signal DI2 for each input of the clock CK1. The voltage
outputting unit 38B outputs the voltage V23off when the
output of the shift register unit 36B is at a low level, and the
outputs the voltage V23on when the output of the shift regis-
ter unit 36B is at a high level. In such a manner as described
above, the output terminal OutB1 of the gate driver integrated
circuit 30(1) outputs the display controlling signal CNT23
(1), the output terminal OutB2 outputs the display controlling
signal CNT23(2), . . . , and the output terminal OutB64
outputs the display controlling signal CNT23(64).

[0278] In addition, the output terminal OutB1 of the gate
driver integrated circuit 30(2) outputs the display controlling
signal CNT23(65), the output terminal OutB2 outputs the
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display controlling signal CNT23(66), . . . , and the output
terminal OutB64 outputs the display controlling signal
CNT23(128).

[0279] FIG. 36 described above is also a timing chart illus-
trating an operation of the second gate driving circuit accord-
ing to the second modification example of Embodiment 1.
[0280] The second clock CK2 having a cycle of 7.0 ps that
is twice as long as the cycle of the first clock CK1 is supplied
to the clock input terminal CkA of the gate signal line driving
unit 32A of the gate driver integrated circuit 30(3), and the
enable signal EN2 having the same shape as the second clock
CK2 is supplied to the enable input terminal EneA. The signal
D12 having a pulse width of approximately 14 ps is supplied
to the data input terminal DinA.

[0281] The shift register unit 36A shifts the signal DI2 for
each input of the clock CK2 and outputs a logical AND with
the enable signal EN2. The voltage outputting unit 38A out-
puts the voltage V220n when the output of the shift register
unit 36A is at a high level, outputs the over-drive voltage
V220vd for a predetermined time period immediately after
the output of the shift register unit 36 A shifted from the high
level to a low level, and then outputs the voltage V22off. In
such a manner as described above, the gate signal line driving
unit 32A outputs the write controlling signals for odd-num-
bered lines. In other words, the output terminal OutAl out-
puts the write controlling signal CNT22(1), the output termi-
nal OutA2 outputs the write controlling signal CNT22(3), ..
., and the output terminal OutA64 outputs the write control-
ling signal CNT22(127).

[0282] Meanwhile, although the second clock CK2 is sup-
plied to the clock input terminal CkB of the gate signal line
driving unit 32B of the gate driver integrated circuit 30(3), the
enable signal EN3 having the same cycle as the second clock
CK2 and a shape with a phase being different hundred-and-
eighty-degree from the second clock CK2 is supplied to the
enable input terminal EneB. The signal D12 is supplied to the
data input terminal DinB.

[0283] The shift register unit 36B shifts the signal DI2 for
each input of the clock CK2 and outputs a logical AND with
the enable signal EN3. The voltage outputting unit 38B out-
puts the voltage V220n when the output of the shift register
unit 36B is at a high level, outputs the over-drive voltage
V220vd for a predetermined time period immediately after
the output of the shift register unit 36B shifted from the high
level to a low level, and then outputs the voltage V22off. In
such a manner as described above, the gate signal line driving
unit 32B outputs the write controlling signals for even-num-
bered lines. In other words, the output terminal OutB1 outputs
the write controlling signal CNT22(2), the output terminal
OutB2 outputs the write controlling signal CNT22(4), . . .,
and the output terminal QutB64 outputs the write controlling
signal CNT22(128).

[0284] As described above, according to the present modi-
fication example, the first gate driving circuit 14 and the
second gate driving circuit 15 are configured using the gate
driver integrated circuit 30 which includes circuits that each
include a combination of the shift register units 36 A and 36B
and the voltage outputting units 38A and 38B, and are
grouped per plural outputs and integrated as a single mono-
lithic IC. It is possible to make the gate driving circuit com-
pact by integration of the gate driving circuits, thereby reduc-
ing area for mounting and costs.

[0285] The first gate driving circuit 14: includes the gate
driver integrated circuit 30(1) and the gate driver integrated
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circuit 30(2) which are connected in the cascade arrangement,
and thereby includes (1) a first shift register unit (i.e., the shift
register unit 36 A of the gate driver integrated circuit 30(1) and
the shift register unit 36 A of the gate driver integrated circuit
30(2) which are connected in the cascade arrangement) hav-
ing a length corresponding to at least the same number of the
pixel circuit rows included in the image display panel (ii) and
a first voltage outputting unit capable of converting each of
the outputs of the first shift register unit into a control signal
having a predetermined voltage and amplitude and applying,
for a predetermined time period, an over-drive voltage which
has an amplitude exceeding at least one of rising and falling of
the control signal; and supplies, from one side of the pixel
circuit rows, each of the first gate signal lines (gate signal
lines 22(i)) with the first control signal (write controlling
signal CNT22(i)) generated by the first shift register unit and
the first voltage outputting unit, using the first clock CK1.
[0286] In addition, the second gate driving circuit 15:
includes (i) N (N=2, in the present embodiment) second shift
register units each having the length corresponding to at least
1/N of the number of the pixel circuit rows included in the
image display panel (i) and N second voltage outputting units
capable of converting each of the outputs of the second shift
register units into a control signal having a predetermined
voltage and an amplitude, and applying, for a predetermined
time period, an over-drive voltage which has an amplitude
exceeding at least one of rising and falling of the control
signal (i.e., the second gate driving circuit 15: includes the
shift register unit 36A and the shift register unit 368 of the
gate driver integrated circuit 30(3)); and supplies, from the
other side of the pixel circuit rows, each of the first gate signal
lines (gate signal lines 22(7)) with the first control signal
(write controlling signal CNT22(i)) generated by each of the
second shift register unit and the second voltage outputting
unit, using the second clock CK2 having the Nth cycle of the
first clock CK1.

[0287] Itis to be noted that the various signals supplied to
the gate driver integrated circuits 30(1) to 30(3) are not lim-
ited to those described above. In addition, FIG. 38 is a second
example of the timing chart illustrating an operation of the
second gate driving circuit according to Embodiment 1.
[0288] The second clock CK2 is supplied to the clock input
terminal CkA of the gate signal line driving unit 32A of the
gate driver integrated circuit 30(3), the enable signal EN2
having the same shape as the clock CK2 is supplied to the
enable input terminal EneA, and the signal DI2 is supplied to
the data input terminal DinA.

[0289] The clock CK3 having the same cycle as the second
clock CK2 and a phase that is different hundred-and-eighty-
degree from the second clock CK2 is supplied to the clock
input terminal CkB of the gate signal line driving unit 32B of
the gate driver integrated circuit 30(3). The enable signal EN3
having the same shape as the clock CK3 is supplied to the
enable input terminal EneB. The signal D12 is supplied to the
data input terminal DinB.

[0290] Inthe above-described manner, it is also possible to
output the write controlling signals for odd-numbered lines
from the gate signal line driving unit 32A, and to output the
write controlling signals for even-numbered lines from the
gate signal line driving unit 32B.

[0291] Itis to be noted that the gate driver integrated circuit
30(3), the gate driver integrated circuit 30(1), and the gate
driver integrated circuit 30(2) are integrated circuits config-
ured according to the same specification, and thus the pack-
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age and the arrangement of the input and output terminals are
the same among the integrated circuits. For that reason, the
gate driver integrated circuit 30 of the first gate driving circuit
14 and the gate driver integrated circuit 30 of the second gate
driving circuit 15 need to be mounted so as to be opposite to
each other with respect to the image display surface. For
example, when the gate driver integrated circuit 30(1) and the
gate driver integrated circuit 30(2) are mounted on the front
surface side of FIG. 41, the gate driver integrated circuit 30(3)
needs to be mounted on the rear surface side of FIG. 41.
[0292] However, by adding a function of inverting a signal
to be supplied to the output terminals OutAl to OutA64 and
the output terminals OutB1 to OutB64 of the gate driver
integrated circuits 30(1) to 30(3), it is possible to mount, on
the same surface side, the gate driver integrated circuit 30(1)
and the gate driver integrated circuit 30(2) of the first gate
driving circuit 14, and the gate driver integrated circuit 30(3)
of the second gate driving circuit 15.

[0293] FIG. 42 is a diagram illustrating another example of
the configuration of the gate driving circuit of the image
display apparatus according to the second modification
example of Embodiment 1. More specifically, FIG. 42 is a
configuration diagram illustrating a configuration including a
gate driver integrated circuit 60 to which a function of invert-
ing an order of signals to be output to the output terminals
OutAl to OutA64 and the output terminals OutB1 to OutB64
is added.

[0294] By inverting the order of signals to be output from
the gate driver integrated circuit 60(3) of the second gate
driving circuit 15, it is possible to mount the gate driver
integrated circuit 60(3) of the second gate driving circuit 15
on the same surface side as the gate driver integrated circuit
60(1) and the gate driver integrated circuit 60(2) of the first
gate driving circuit 14.

[0295] FIG. 43 is a circuit diagram illustrating another gate
driver integrated circuit of the image display apparatus
according to the second modification example of Embodi-
ment 1. More specifically, FIG. 43 is a circuit diagram of the
gate driver integrated circuit 60 to which the function of
inverting the order of signals to be output to the output termi-
nals is added.

[0296] The gate driver integrated circuit 60 includes two
gate signal line driving units; that is, the gate signal line
driving units 62A and 62B. The gate signal line driving unit
62A includes a shift register unit 66 A and a voltage outputting
unit 68A. The gate signal line driving unit 62B has the same
circuit configuration as that of the gate signal line driving umt
62A. In addition, the voltage outputting unit 68 A has the same
circuit configuration as that of the voltage outputting unit 38 A
of the gate driver integrated circuit 30. Thus, the following
described in detail the shift register unit 66 A.

[0297] The shift register unit 66 A includes 64 D-type flip-
flops 72, a selector 73 provided for the input of each of the
D-type flip-flops 72, and 64 AND gates 74 each provided for
acorresponding one of the outputs of the D-type flip-flops 72.
[0298] Each of the clock terminals of the D-type flip-flops
72 is connected to the clock input terminal CkA of the gate
driver integrated circuit 60. 64 D-type flip-flops 72 are con-
nected in the cascade arrangement via the selectors 73 so that
the shift direction of the shift registers is inverted by selection
of the selectors 73. The selectors 70 and 71 each switch input
and output of a corresponding one of the data input and output
terminals Din/outA and Dout/inA of the shift register unit
66A.
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[0299] One ofthe input terminals of each of the AND gates
74 is connected to the output terminal of a corresponding one
of the D-type flip-flops 72, and the other is connected to an
enable input terminal EneA of the gate driver integrated cit-
cuit 60.

[0300] When the control terminals u/dA of the selectors 70,
71, and 73 are each at a high level, the shift register unit 66 A
sequentially shifts in the forward direction, per clock, a digital
signal supplied to the data input and output terminal Din/
outA, and outputs the digital signal from the output terminal
of each of the D-type flip-flops 42. In addition, when the
control terminals u/dA are each at a low level, the shift reg-
ister unit 66 A sequentially shifts in the opposite direction, per
clock, a digital signal supplied to the data input and output
terminal Dout/outA, and outputs the digital signal from the
output terminal of each of the D-type flip-flops 42.

[0301] At thistime, when the enable input terminal EneA is
at ahigh level, the output of each of the D-type flip-flops 72 is
output from a corresponding one of the AND gates 74. When
the enable input terminal EneA is at a low level, all of the
AND gates 74 output a low level voltage irrespective of the
output of the D-type flip-flop 72.

[0302] According to the configuration described above, it is
possible to add the function of inverting the order of signals to
be output to the output terminals OutA1 to OutA64 of the gate
signal line driving unit 62A.

[0303] Itis to be noted that, in the present embodiment, the
image display panel 11 is exemplified which includes the
pixel circuits 12(i, j) arranged in a matrix each of which
includes one of the gate signal lines 22(j) on which the bilat-
eral driving is performed, and one ofthe gate signal lines 23())
on which the unilateral driving is performed, in order to
simplify the description. However, the number of the gate
signal lines of the pixel circuit is generally not limited to the
number described above, and the number of the gate signal
lines on which the bilateral driving is performed and the
number of the gate signal lines on which the unilateral driving
is performed are optimally determined according to the con-
figuration of the pixel circuit.

Embodiment 2

[0304] The following describes an example of an image
display apparatus including an image display panel 111 in
which a plurality of pixel circuits are disposed each of which
includes one gate signal line to which the bilateral driving and
the gate voltage ternary driving are applied. and three gate
signal lines to which the unilateral driving and the gate volt-
age binary driving is applied.

[0305] Itisto be noted that, it is assumed that the number of
pixels in the row direction of the image display panel 111 is
n=256 for the purpose of illustration. It is also assumed that
the gate signal line driving units each having 64-pixel outputs
are integrated for four circuits in a single gate driver inte-
grated circuit. However, the number of pixels in the row
direction of the image display panel 111, and the number of
the gate signal line driving units of the gate driving circuit and
the number of the outputs thereof, according to the present
invention, are not limited to those described above,

[0306] FIG. 44 is a circuit diagram illustrating a pixel cir-
cuit of the image display apparatus according to Embodiment
2. The pixel circuit 112(i, j) according to the present embodi-
ment includes: an EL element D120; a driving transistor
Q120; a capacitor C120; and transistors Q122, Q123, Q124,
and Q125 each operating as a switch.
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[0307] Thedriving transistor Q120 supplies the EL element
D120 with a current according to an image signal voltage
Vsg(j). The capacitor C120 holds the image signal voltage
Vsg(j). The transistor Q122 is a switch for writing the image
signal voltage Vsg(j) to the capacitor C120. The transistor
Q123 is a switch which supplies the EL element D120 with a
current to cause the EL element D120 to emit light. The
transistor Q124 is a switch which applies a voltage Vini to the
source of the driving transistor Q120, and the transistor Q125
is a switch which applies a voltage Vref'to the gate terminal of
the driving transistor Q120.

[0308] The pixel circuit 112(7, ;) includes an anode power
line 128 on the high-voltage side and a cathode power line 129
on the low-voltage side. The anode power line 128 is supplied
with a voltage Vdd from the power supply circuit. The cath-
ode power line 129 is supplied with a voltage Vss from the
power supply circuit. The drain of the transistor Q123 is
connected to the anode power line 128 on the high-voltage
side, and the source of the transistor Q123 is connected to the
drain of the driving transistor Q120. The source of the driving
transistor Q120 is connected to the anode of the EL. element
D120, and the cathode of the EL element D120 is connected
to the cathode power line 129 on the low-voltage side.

[0309] The capacitor C120 is connected between the gate
and the source of the driving transistor Q120. The drain (or
source) of the transistor Q124 is connected to the source of the
driving transistor Q120, and the source (or drain) of the tran-
sistor Q124 is connected to a power line of the voltage Vini.
The drain (or source) of the transistor Q125 is connected to
the gate of the driving transistor Q120, and the source (or
drain) of the transistor Q125 is connected to a power line of
the voltage Vref.

[0310] The source (or drain) of the transistor Q122 is con-
nected to the source signal line 121(f) that supplies the image
signal voltage Vsg (j), and the drain (or source) of the tran-
sistor Q122 is connected to a gate terminal of the driving
transistor Q120.

[0311] In addition, the gate of the transistor Q122 is con-
nected to the gate signal line 122(7), the gate of the transistor
Q123 is connected to the gate signalline 123(i), the gate of the
transistor 124 is connected to the gate signal line 124(), and
the gate of the transistor Q125 is connected to the gate signal
line 125(7).

[0312] Here, the gate signal line 122(7) is drawn from the
left side of the image display panel 111 and connected to the
first gate driving circuit 114, and also drawn from the right
side of the image display panel 111 and connected to the
second gate driving circuit 115. In addition, the gate signal
lines 123(i), 124(i), and 125(i) are drawn from the left side of
the image display panel 111 and connected to the first gate
driving circuit 114.

[0313] According to the present embodiment as described
above, the gate signal line 122(7) is the first gate signal line to
which the bilateral driving is applied, and the gate signal lines
123(1), 124(i), and 125(7) are each the second gate signal line
to which the unilateral driving is applied.

[0314] Itis to be noted that, although it has been described
that each of the driving transistor Q120, the transistors Q122,
Q123, Q124, and Q125 is an N-channel thin-film transistor
according to the present embodiment, the present invention is
not limited to this.

[0315] The following describes an operation of the pixel
circuit 112(7, /).
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[0316] FIG.45is atiming chart for explaining an operation
of the pixel circuit of the image display apparatus according
to Embodiment 2. More specifically, FIG. 41 is a timing chart
for the pixel circuits 112(i, 1) to 112(i, m) in the line 1.
[0317] Each of the pixel circuits 112(7, 1) divides one field
period into a plurality of periods including: an initialization
period Ti; a detecting period To; a writing period Tw; and a
display period Td. In the initialization period Ti, a voltage
between the terminals of the capacitor C120 is initialized. In
the detecting period To, an offset voltage Vos of the driving
transistor Q120 is detected. In the writing period Tw, an
operation of writing the image signal voltage Vsg(j) to be
displayed is performed by the pixel circuit 112(i, j). In the
display period Td, the EL element D120 is caused to emit
light based on the image signal voltage Vsg(j) which has been
writter.

[0318] (Initialization Period Ti)

[0319] For performing initialization, the control signal
CNT124(i) is set at the voltage V124on to turn ON the tran-
sistor Q124, and the control signal CNT125 is set at the
voltage V1250n to turn ON the transistor Q125. In addition,
the write controlling signal 122(7) is set at the voltage V1220 ff
to turn OFF the transistor Q122, and the display controlling
signal CN'T123 is set at the voltage V123o0ff to turn OFF the
transistor Q123. Then, the source of the driving transistor
Q120 is supplied with the voltage Vini, and the gate of the
driving transistor Q120 is supplied with the voltage Vref. In
such a manner as described above, the voltage between the
terminals of the capacitor C120 is set at a voltage (Vref=Vini).
Since the voltage Vini is set at a voltage lower than or equal to
the voltage Vss, the EL element D120 does not emit light.
[0320] Subsequently, the control signal CNT124 is set at
the voltage V124off to turn OFF the transistor Q124.

[0321] (Detecting Period To)

[0322] Next, the display controlling signal CNT 123(i) is
set at the voltage V123on to turn ON the transistor Q123.
Then, since the voltage (Vref-Vini) of the capacitor C120 is
applied between the gate and the source of the driving tran-
sistor Q120, a current starts to flow from the anode power line
128 on the high-voltage side via the transistor Q123 and the
driving transistor Q120, and the capacitor C120 starts to
discharge. Then, the voltage between the terminals of the
capacitor C120 is set at the offset voltage Vos of the driving
transistor Q120, and the current stops flowing. At this time,
the voltage at the anode of the EL element D120 increases to
avoltage (Vref-Vos). However, since the voltage (Vref-Vos)
is lower than the voltage between the anode and the cathode
when a current starts to flow through the EL element D120,
the EL element D120 does not emit light. It is to be noted that,
when a current does not flow through the EL element D120,
the EL element D120 operates as a capacitor having a large
capacitance between the anode and the cathode.

[0323] Subsequently, the control signal CNT125 is set at
the voltage V125off to turn OFF the transistor Q125, and the
control signal CNT123 is set at the voltage V123off to turn
OFF the transistor Q123.

[0324] (Writing Period Tw)

[0325] For performing the writing operation, the write con-
trolling signal CNT122() is set at the voltage V122on to turn
ON the transistor Q122 while the transistor Q123, the tran-
sistor Q124, and the transistor Q125 are kept in the OFF state.
Then, the voltage at the gate of the driving transistor Q120 is
set at the image signal voltage Vsg(j). At this time, since the
EL element D120 operates as a capacitor having a sufficiently
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large capacitance compared to the capacitor C120, the volt-
age at the anode of the EL element D120 is maintained at the
voltage (Vref-Vos). Accordingly, the capacitor C120 is
charged to have a voltage (Vsg(j)-(Vref-Vos)); that is, a
voltage (Vsg(j)+Vos)-(Vref), between the terminals.
[0326] Subsequent to the writing operation, the write con-
trolling signal CNT122(i) is set at the voltage V122off to turn
OFF the transistor Q122.

[0327] According to the present embodiment as well, an
over-drive voltage V122ovd is applied for a predetermined
time period so that an amplitude exceeds an absolute value of
the voltage (V1220n-V1220fY) at falling of the write control-
ling signal CNT122(i) when switching the transistor Q122
from the ON state to the OFF state. Subsequently, the voltage
V122o0ft is applied to keep the transistor Q122 in the OFF
state.

[0328] (Display Period Td)

[0329] The display controlling signal CNT123() is set at
the voltage V123on to turn ON the transistor Q123 while each
of the transistor Q122, the transistor Q124, and the transistor
Q125 iskept in the OFF state. Then, a current according to the
voltage between the gate and the source (Vsg(j)+Vos) flows
through the EL element D120.

[0330] Here, the voltage Vos is an offset voltage Vos of the
driving transistor Q120. Accordingly, the current that flows
through the EL element D120 depends on the voltage Vsg(j)
that results from subtracting the offset voltage Vos from the
voltage between the gate and source of the driving transistor
Q120 (Vsg(j)+Vos). In such a manner as described above, in
the display period Td, the EL element D120 is caused to emit
light with a luminance depending on the image signal voltage
Vsg(j) which has been written in the writing period Tw. In
general, the offset voltage Vos of the driving transistor Q120
has large variation in its value. However, according to the
present embodiment, it is possible to display an image while
suppressing the effect of variation in the value of the offset
voltage Vos.

[0331] Ttis to be noted that, in the present embodiment, the
initialization period Ti and the detecting period To are each
set as one horizontal retrace period, and for further stabiliza-
tion of the operation, a period between the initialization
period Ti and the detecting period To is also set as one hori-
zontal retrace period. In addition, in order to improve the
luminance of the image display apparatus 110, most part of
the one field period other than the initialization period Ti, the
detecting period To, and the writing period Tw is the display
period Td, according to the present embodiment. In addition,
the time period of the writing period Tw is 3.5 us as with
Embodiment 1.

[0332] Next, an operation of the image display apparatus
110 according to the present embodiment will be described.
[0333] FIG. 46 is a circuit diagram of a gate driver inte-
grated circuit of the image display apparatus according to
Embodiment 2. A gate driver integrated circuit 130 according
to the present embodiment includes four gate signal line
driving units 132A, 132B, 132C, and 132D. The gate signal
line driving units 132A, 132B, 132C, and 132D each have the
same configuration as the gate signal line driving unit 32A of
the gate driver integrated circuit 30 according to Embodiment
L.

[0334] The gate signal line driving unit 132A is connected
to the clock input terminal CkA, the data input terminal DinA,
the enable input terminal EneA, the data output terminal
DoutA, power supply terminal VonA, the power supply ter-
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minal VoffA, the power supply terminal VovdA, and the out-
put terminal OutAi (1=<i<64), of the gate driver integrated
circuit 130.

[0335] In the same manner as above, the gate signal line
driving unit 132B is connected to the clock input terminal
CkB, the data input terminal DinB, the enable input terminal
EneB, the data output terminal DoutB, power supply terminal
VonB, the power supply terminal VoffB, the power supply
terminal VovdB, and the output terminal OutBi, of the gate
driver integrated circuit 130. The gate signal line driving unit
132C is connected to the clock input terminal CkC, the data
input terminal DinC, the enable input terminal EneC, the data
output terminal DoutC, power supply terminal VonC, the
power supply terminal VoffC, the power supply terminal
VovdC, and the output terminal OutCi, of the gate driver
integrated circuit 130. The gate signal line driving unit 132D
is connected to the clock input terminal CkD, the data input
terminal DinD, the enable input terminal EneD, the data
output terminal DoutD, power supply terminal VonD, the
power supply terminal VoffD, the power supply terminal
VovdD, and the output terminal OutDi, of the gate driver
integrated circuit 130.

[0336] The data output terminals of the gate driver inte-
grated circuit 130 are arranged in the following order: OutAl,
OutB1, OutC1, OutD1, OutA2, OutB2, OutC2, OutD2, . . .,
OutA64, OutB64, OutC64, and OutD64.

[0337] FIG. 47 is a configuration diagram of a gate driving
circuit of the image display apparatus according to Embodi-
ment 2. It is to be noted that, the power supply terminal VonA,
the power supply terminal VoffA, the power supply terminal
VovdA, the power supply terminal VonB, the power supply
terminal VoffB, the power supply terminal VovdB, the power
supply terminal VonC, the power supply terminal VoffC, the
power supply terminal VovdC, the power supply terminal
VonD, the power supply terminal VoftD, and the power sup-
ply terminal VovdD are omitted in FIG. 47.

[0338] The first gate driving circuit 114 includes four gate
driver integrated circuits 130(1) to 130(4), and the second
gate driving circuit 115 includes a single gate driver integrate
circuit 130(5). Here, the gate driver integrated circuits 130(1)
to 130(5) each have the same circuit configuration as the gate
driver integrated circuit 130 illustrated in FIG. 46.

[0339] The output terminals of the gate driver integrated
circuits 130(1) to 130(4) mounted on the first gate driving
circuit 114 are connected to gate signal lines which are drawn
to the left side of the image display panel 111.

[0340] According to the present embodiment, each of the
gate signal lines 122(1) to 122(64) is connected to a corre-
sponding one of the output terminals OutA1 to OutA64 of the
gate driver integrated circuit 130(1). Each of the gate signal
lines 123(1) to 123(64) is connected to a corresponding one of
the output terminals OutB1 to OutB64 of the gate driver
integrated circuit 130(1). Each of the gate signal lines 124(1)
to 124(64) is connected to a corresponding one of the output
terminals OutC1 to OutCé64 of the gate driver integrated cir-
cuit 130(1). Each of the gate signal lines 125(1) to 125(64) is
connected to a corresponding one of the output terminals
OutD1 to OutD64 of the gate driver integrated circuit 130(1).
[0341] Furthermore, each of the gate signal lines 122(65) to
122(128) is connected to a corresponding one of the output
terminals OutAl to OutA64 of the gate driver integrated
circuit 130(2). Each of the gate signal lines 123(65) to 123
(128) is connected to a corresponding one of the output ter-
minals OutB1 to OutB64 of the gate driver integrated circuit
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130(2). Each of the gate signal lines 124(65) to 124(128) is
connected to a corresponding one of the output terminals
OutC1 to OutC64 of the gate driver integrated circuit 130(2).
Each of the gate signal lines 125(65) to 125(128) is connected
to a corresponding one of the output terminals OutD1 to
OutD64 of the gate driver integrated circuit 130(2).

[0342] Each ofthe gate signal lines 122(129) to 122(192) is
connected to a corresponding one of the output terminals
OutAl to OutA64 of the gate driver integrated circuit 130(3).
Bach of the gate signal lines 123(129) to 123(192) is con-
nected to a corresponding one of the output terminals OutB1
to OutB64 of the gate driver integrated circuit 130(3). Each of
the gate signal lines 124(129) to 124(192) is connected to a
corresponding one of the output terminals OutC1 to OutC64
of the gate driver integrated circuit 130(3). Each of the gate
signal lines 125(129) to 125(192) is connected to a corre-
sponding one of the output terminals OutD1 to OutD64 of the
gate driver integrated circuit 130(3).

[0343] Eachofthe gatesignal lines 122(193) to 122(256) is
connected to a corresponding one of the output terminals
OutAl to OutA64 of the gate driver integrated circuit 130(4).
Each of the gate signal lines 123(193) to 123(256) is con-
nected to a corresponding one of the output terminals OutB1
to OutB64 of the gate driver integrated circuit 130(4). Each of
the gate signal lines 124(193) to 124(256) is connected to a
corresponding one of the output terminals OutC1 to OutC64
of the gate driver integrated circuit 130(4). Each of the gate
signal lines 125(193) to 125(256) is connected to a corre-
sponding one of the output terminals OutD1 to OutD64 of the
gate driver integrated circuit 130(4).

[0344] The clock input terminals CkA, CkB, CkC, and
CkD of the gate driver integrated circuit 130(1), the clock
input terminals CkA, CkB, CkC, and CKkD of the gate driver
integrated circuit 130(2), the clock input terminals CkA,
CkB, CkC, and CkD of the gate driver integrated circuit
130(3), and the clock input terminals CkA, CkB, CkC, and
CkD of the gate driver integrated circuit 130(4) are con-
nected, respectively, and the first clock CK1 is supplied.

[0345] The enable input terminals EneA, EneB, EneC, and
EneD of the gate driver integrated circuit 130(1), the enable
input terminals EneA, EneB, EneC, and EneD of the gate
driver integrated circuit 130(2), the enable input terminals
EneA, EneB, EneC, and EneD of the gate driver integrated
circuit 130(3), and the enable input terminals EneA, EneB,
EneC, and EneD of the gate driver integrated circuit 130(4)
are connected, respectively, and the enable signal EN1 is
supplied.

[0346] Each of the data output terminals DoutA, DoutB,
DoutC, and DoutD of the gate driver integrated circuit 130(1)
is connected to a corresponding one of the data input termi-
nals DinA, DinB, DinC, and DinD of the gate driver inte-
grated circuit 130(2). Each of the data output terminals
DoutA, DoutB, DoutC, and DoutD of the gate driver inte-
grated circuit 130(2) is connected to a corresponding one of
the data input terminals DinA, DinB, DinC, and DinD of the
gate driver integrated circuit 130(3). Each of the data output
terminals DoutA, DoutB, DoutC, and DoutD of the gate
driver integrated circuit 130(3) is connected to a correspond-
ing one of the data input terminals DinA, DinB, DinC, and
DinD of the gate driver integrated circuit 130(4).

[0347] Insuchamanneras described above, the gate driver
integrated circuits 130(1)to 130(4) are connected in a cascade
arrangement.
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[0348] The signal DI is supplied to the data input terminal
DinA of the gate driver integrated circuit 130(1). The signal
D12 is supplied to the data input terminal DinB of the gate
driver integrated circuit 130(1). The signal DI3 is supplied to
the data input terminal DinC of the gate driver integrated
circuit 130(1). The signal DI4 is supplied to the data input
terminal DinD of the gate driver integrated circuit 130(1).

[0349] In addition, although omitted in FIG. 47, the power
supply terminals VonA of the gate driver integrated circuits
30(1) to 30(4) are mutually connected, and the voltage
V122o0nis supplied. The power supply terminals VoffA of the
gate driver integrated circuits 30(1) to 30(4) are mutually
connected and supplied with the voltage V1220ff. The power
supply terminals VovdA of the gate driver integrated circuits
30(1) to 30(4) are mutually connected and supplied with the
voltage V122ovd.

[0350] Inaddition, the power supply terminals VonB of the
gate driver integrated circuits 30(1) to 30(4) are mutually
connected, and the voltage V123on is supplied. The power
supply terminals VoffB and the power supply terminals
VovdB of the gate driver integrated circuits 30(1) to 30(4) are
mutually connected, and the voltage V123offis supplied. The
power supply terminals VonC of the gate driver integrated
circuits 30(1) to 30(4) are mutually connected, and the volt-
age V124on is supplied. The power supply terminals VoffC
and the power supply terminals VovdC of the gate driver
integrated circuits 30(1) to 30(4) are mutually connected and
supplied with the voltage V124off. The power supply termi-
nals VonD of the gate driver integrated circuits 30(1) to 30(4)
are mutually connected, and the voltage V1250n is supplied.
The power supply terminals VoffD and the power supply
terminals VovdD of the gate driver integrated circuits 30(1) to
30(4) are mutually connected and supplied with the voltage
V1250ff.

[0351] Meanwhile, the gate signal lines 122(1) to 122(256)
which are drawn to the right side of the image display panel
111 are connected to the gate driver integrated circuit 130(5)
mounted on the second gate driving circuit 115.

[0352] According to the present embodiment, among the
gate signal lines 122(1) to 122(256), the (a multiple of 4+1)th
gate signal line 122(1) is connected to the output terminal
OutAl of the gate driver integrated circuit 130(5). The gate
signal line 122(5) is connected to the output terminal OutA2
of the gate driver integrated circuit 130(5), the gate signal line
122(9) is connected to the output terminal OutA3 of the gate
driver integrated circuit 130(5), . . ., and the gate signal line
122(253) is connected to the output terminal OutA64 of the
gate driver integrated circuit 130(5).

[0353] The (a multiple of 4+2)th gate signal line 122(2) is
connected to the output terminal OutB1 of the gate driver
integrated circuit 130(5). The gate signal line 122(6) is con-
nected to the output terminal OutB2 of the gate driver inte-
grated circuit 130(5), the gate signal line 22(10) is connected
to the output terminal OutB3 of the gate driver integrated
circuit 130(5), . . ., and the gate signal line 122(254) is
connected to the output terminal OutB64 of the gate driver
integrated circuit 130(5).

[0354] The (a multiple of 4+3)th gate signal line 122(3) is
connected to the output terminal OutCl1 of the gate driver
integrated circuit 130(5). The gate signal line 122(7) is con-
nected to the output terminal OutC2 of the gate driver inte-
grated circuit 130(5). The gate signal line 22(11) is connected
to the output terminal OutC3 of the gate driver integrated
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circuit 130(5), . . ., and the gate signal line 122(255) is
connected to the output terminal OutC64 of the gate driver
integrated circuit 130(5).

[0355] The (a multiple of 4)th gate signal line 122(4) is
connected to the output terminal OutD1 of the gate driver
integrated circuit 130(5). The gate signal line 122(8) is con-
nected to the output terminal OutD2 of the gate driver inte-
grated circuit 130(5). The gate signal line 22(12) is connected
to the output terminal OutD3 of the gate driver integrated
circuit 130(5), . . ., and the gate signal line 122(256) is
connected to the output terminal OutD64 of the gate driver
integrated circuit 130(5).

[0356] The clock input terminals CkA, CkB, CkC, and
CkD of the gate driver integrated circuit 130(5) are mutually
connected and supplied with the second clock CK2. Further-
more, the enable input terminal EneA, the enable input ter-
minal EneB, the enable input terminal EneC, and the enable
input terminal EneD, of the gate driver integrated circuit
130(5) are supplied with an enable signal EN2, an enable
signal EN3, an enable signal EN4, and an enable signal ENS,
respectively. The data input terminals DinA, DinB, DinC, and
DinD of the gate driver integrated circuit 130(5) are mutually
connected and supplied with the signal DI5 for generating the
write controlling signals CNT122(1) to CNT122(256).

[0357] Although omitted in FIG. 47, the power supply ter-
minals VonA, VonB, VonC, and VonD of the gate driver inte-
grated circuits 130(5) are mutually connected and supplied
with the voltage V122o0n. The power supply terminals VoffA,
VoffB, VoffC, and VoffD are mutually connected and supplied
with the voltage V122off. The power supply terminals
VovdA, VovdB, VovdC, and VovdD are mutually connected
and supplied with the voltage V1220vd.

[0358] Next, operations of the first gate driving circuit 114
and the second gate driving circuit 115 will be described in
detail below.

[0359] The first clock CK1 having a cycle of 3.5 ps is
supplied to the clock input terminals CkA, CkB, CkC, and
CKD of the gate driver integrated circuits 130(1) to 130(4) of
the first gate driving circuit 114, and the enable input terminal
EneA is fixed to a high level.

[0360] The data input terminal DinA of the gate driver
integrated circuit 130(1) is supplied with the signal DI1 for
generating the write controlling signals CNT122(1) to
CNT122(256). The data input terminal DinB of the gate
driver integrated circuit 130(1)is supplied with the signal DI2
for generating the display controlling signals CNT123(1) to
CNT123(256). The data input terminal DinC of the gate
driver integrated circuit 30(1) is supplied with the signal DI3
for generating the control signals CNT124(1) to CNT124
(256). The data input terminal DinD of the gate driver inte-
grated circuit 30(1) is supplied with the signal DI4 for gen-
erating the control signals CNT125(1) to CNT125(256).

[0361] Each ofthe signals DI1, DI2, DI3, and D14 is shifted
every time the clock CK1 is supplied to the clock terminals of
the gate driver integrated circuits 130(1) to 130(4), and cor-
responding control signals are output. As described above, the
write controlling signals CNT22 to CNT122(256) which are
the first control signals are output from the output terminals
OutAl to OutA64 of the gate driver integrated circuits 30(1)
to 130(4). The display controlling signals CNT23(1) to
CNT123(256) are output from the output terminals OutB1 to
OutB64. The control signals CN'T124(1) to CN'T124(256) are
output from the output terminals OutC1 to OutC64. The con-
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trol signals CNT125(1) to CNT125(256) are output from the
output terminals OutD1 to OutDé4.

[0362] FIG. 48 is a timing chart illustrating an operation of
a second gate driving circuit of the image display apparatus
according to Embodiment 2.

[0363] The second clock CK2 having a cycle of 14 ps that
is aquadruple of the clock CK1 is supplied to the clock input
terminals CkA, CkB, CkC, and CkD of the gate driver inte-
grated circuit 130(5). The data input terminals DinA, DinB,
DinC, and DinD of the gate driver integrated circuit 130(5)
are supplied with the signal DIS for generating the write
controlling signals CNT122(1) to CNT122(256).

[0364] Theenable input terminal EneA is supplied with the
enable signal EN2 which has: the same cycle as the clock
CK2; a duty of ¥4; and the same timing of rising as the clock
CK2. The enable input terminal EneB is supplied with the
enable signal EN3 having a phase delayed by 90° from the
enable signal EN2. The enable input terminal EneC is sup-
plied with the enable signal EN4 having a phase further
delayed by 90° from the enable signal EN3. The enable input
terminal EneD is supplied with the enable signal EN4 having
a phase further delayed by 90° from the enable signal EN4.
[0365] The gate driver integrated circuit 130(5) shifts the
signal D15 every time the clock CK2 is supplied. Then, a
logical AND with the enable signal EN2 is obtained, and the
second write controlling signals CNT22(1), CNT22(5), .. .,
and CNT22(253) are output. A logical AND with the enable
signal EN3 is obtained, and the second write controlling
signals CNT22(2), CNT22(6), . . . , and CNT22(254) are
output. A logical AND with the enable signal EN4 is obtained,
and the second write controlling signals CNT22(3), CNT22
(7),...,and CNT22(255) are output. A logical AND with the
enable signal EN5 is obtained, and the second write control-
ling signals CNT22(4), CNT22(8), . .., and CNT22(256) are
output.

[0366] As described above, according to Embodiment 2 as
well, the first gate driving circuit 114: includes the gate driver
integrated circuits 130(1) to 130(4) which are connected in
the cascade arrangement, and thereby includes (i) a first shift
register unit (i.e., the shift register unit 36 A of the gate driver
integrated circuits 130(1) to 130(4) which are connected in
the cascade arrangement) having a length corresponding to at
least the same number of the pixel circuit rows included in the
image display panel, and (ii) a first voltage outputting unit
capable of converting each of the outputs of the first shift
register unit into a control signal having a predetermined
voltage and amplitude and applying, for a predetermined time
period, an over-drive voltage which has an amplitude exceed-
ing at least one of rising and falling of the control signal; and
supplies, from one side of the pixel circuit rows, each of the
first gate signal lines (gate signal lines 122(i)) with the first
control signal (write controlling signal CNT122(i)) generated
by the first shift register unit and the first voltage outputting
unit, using the first clock CK1.

[0367] In addition, the second gate driving circuit 115:
includes (i) N (N=4, in the present embodiment) second shift
register units each having the length corresponding to at least
1/N of the number of the pixel circuit rows included in the
image display panel, and (ii) N second voltage outputting
units each capable of converting each of the outputs of the
second shift register units into a control signal having a pre-
determined voltage and an amplitude, and applying, for a
predetermined time period, an over-drive voltage which has
an amplitude exceeding at least one ofrising and falling of the
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control signal (i.e., the second gate driving circuit 115:
includes the shift register units 136A, 136B, 136C, and 136D
of the gate driver integrated circuit 130(5)); and supplies,
from the other side of the pixel circuit rows, each of the first
gate signal lines (gate signal line 122(i)) with the first control
signal (write controlling signal CNT122(i)) generated by
each of the second shift register unit and the second voltage
outputting unit, using the second clock CK2 having the Nth
cycle of the first clock CK1.

[0368] As described above, in the case where M types of
gate signal lines are formed for each of the pixel circuits, and
among the M types of gate signal lines, the bilateral driving is
applied to S types of gate signal lines, and the unilateral
driving is applied to (M-S) types of gate signal lines, it is
possible to realize the design which satisfies (the number of
gate driver integrated circuits used in the first gate driving
circuit):(the number of gate driver integrated circuits used in
the first gate driving circuit)=M:S.

[0369] It is to be noted that, although the gate signal line
124(i) performs the bilateral driving and the gate voltage
ternary driving and the other gate signal lines 123(i), 124(i),
and 125(i) perform the unilateral driving and the gate voltage
binary driving in Embodiment 2, the present invention is not
limited to this. For example, the gate signal line which per-
forms the bilateral driving may perform the gate voltage
binary driving, and the gate signal line which performs the
unilateral driving may perform the gate voltage ternary driv-
ing.

[0370] (Others)

[0371] In addition, the configurations of the pixel circuit,
and the numerical values of voltages, time, etc. illustrated in
Embodiments 1 and 2 are presented as examples, and it is
desirable to optimally set the configuration of the pixel circuit
or the numerical values according to the characteristics of the
EL element, the specification of the image display apparatus,
and the like.

[0372] In addition, a multigate (at least a dual gate) con-
figuration is employed for the transistor Q22 illustrated in
FIG. 2, the transistors Q122 and Q124 illustrated in FIG. 44,
the transistor Q22 illustrated in FIG. 4, and the transistor Q
illustrated in FIG. 12, and the LDD configuration is com-
bined, thereby making it possible to suppress the off-leakage
and implement excellent contrast and offset cancelling opera-
tion In addition, excellent high-luminance display and image
display can be implemented.

[0373] Itis particularly preferable that a multigate (at least
a dual gate) configuration is employed for a transistor which
applies a video signal to a pixel circuit (for example, the
transistor Q22 in FIG. 12). Furthermore, it is preferable that
the bilateral driving is performed on a gate signal line to
which the transistor which applies a video signal to a pixel
circuit is connected. In addition, it is preferable that the gate
voltage ternary driving is performed on a gate signal line to
which the transistor which applies a video signal to a pixel
circuit is connected.

[0374] Itis possible to apply, to various electronic devices,
the details (or part of the details) described in each of the
diagrams of the above-described embodiment. To be specific,
it is possible to apply them to display units of electronic
devices.

[0375] Examples of such electronic devices include: a
video camera, a digital camera, a head mounted display, a
navigation system, an audio reproducing device (a car audio,
an audio component, etc.), a computer, a gaming device, a
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mobile information terminal (a mobile computer, a mobile
phone, amobile gaming device, a digital book, etc.), an image
reproducing apparatus including a recording medium (to be
specific, a device including a display capable of reproducing
a recording medium of a digital versatile disc (DVD) or the
like and displaying the image thereof), etc.

[0376] FIG.49 is abroad overview of adisplay including an
image display apparatus according to the above-described
embodiments. The display illustrated in the diagram includes:
a support column 492; a holding base 493; and an image
display apparatus (image display panel) 491 according to the
present disclosure. The display illustrated in FIG. 49 has a
function of displaying various information items (a still
image, video, a text image, etc.) on a display portion. It is to
be noted that the function of the display illustrated in FIG. 49
is not limited to this, and the display can have various func-
tions.

[0377] FIG.501s abroad overview of acamera including an
image display apparatus according to the above-described
embodiments. The camera illustrated in the diagram includes:
a shutter 501; a viewfinder 502; a cursor 503; and the image
display apparatus (image display panel) 491 according to the
present disclosure. The camera illustrated in FIG. 50 has a
function of capturing a still image and video. It is to be noted
that the functions of the camera illustrated in F1G. 50 are not
limited to these functions, and the camera can have various
functions.

[0378] FIG. 51 is abroad overview of a computer including
an image display apparatus according to the above-described
embodiments. The computer illustrated in the diagram
includes: a keyboard 511; a touch-pad 512; and the image
display apparatus (image display panel) 491 according to the
present disclosure. The computer illustrated in FIG. 51 has a
function of displaying various information items (a still
image, video, a text image, etc.) on a display portion. It is to
be noted that the function of the computer illustrated in FIG.
51 is not limited to this, and the computer can have various
functions.

[0379] It should be understood that the above-described
embodiments can also be applied to other embodiments. It
should also be understood that it is possible to combine the
above-described embodiments with other embodiments.

[0380] It is possible to upgrade the image quality of the
above-described information devices illustrated in F1G. 49 to
FIG. 51, by employing, in the configuration of the informa-
tion devices or the like, the image display apparatus (image
display panel) or the driving system described in the above-
described embodiments. In addition, it is possible to easily
perform test or adjustment.

[0381] Intheabove-described embodiments, the image dis-
play apparatus has been described. However, it should be
understood that the technical idea described in the Descrip-
tion can be applied not only to the image display apparatus but
also to other display apparatuses.

[0382] The image display apparatus according to the
above-described embodiments is a concept which includes a
system device such as an information device. The concept of
the display panel includes, in a broad sense, a system device
such as an information device.

[0383] As described above, the embodiments are described
as exemplifications of the technique according to the present
disclosure. The attached Drawings and the detailed descrip-
tions are provided for that purpose.
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[0384] Accordingly, the structural elements described in
the attached Drawings and the detailed descriptions may
include not only the structural elements which are essential
for solving the problems but also the structural elements
which are not essential for solving the problems but used for
exemplifying the above-described techniques. As such,
description of these non-essential structural elements in the
accompanying drawings and the detailed description should
not be taken to mean that these non-essential structural ele-
ments are essential.

[0385] Furthermore, since the foregoing embodiments are
for exemplifying the technique according to the present dis-
closure, various changes, substitutions, additions, omissions,
and so on, can be carried out within the scope of the Claims or
its equivalents.

INDUSTRIAL APPLICABILITY

[0386] The present invention provides an image display
apparatus which includes a gate driver integrated circuit that
is highly versatile and can be used irrespective of the number
of the gate signal lines to be driven at high speed and the gate
signal lines to which the bilateral driving should be applied
and irrespective of the arrangement of the gate signal lines,
and is useful as an image display apparatus such as an active-
matrix image display apparatus including a current light-
emitting element.

REFERENCE SIGNS LIST

[0387] 10, 110 image display apparatus

[0388] 11, 111 image display panel

[0389] 12(i, /), 112(i, j) pixel circuit

[0390] 14, 114 first gate driving circuit

[0391] 15, 115 second gate driving circuit

[0392] 16 source driving circuit

[0393] 21()), 121()) source signal line

[0394] 22(3), 122()) (first) gate signal line

[0395] 23(), 123(7), 124(i), 125(7) (second) gate signal
line

[0396] 28, 128 anode power line

[0397] 29, 129 cathode power line

[0398] 30, 60, 130 gate driver integrated circuit (gate
driver IC)

[0399] 32,32a, 325, 32A, 32B, 62A, 62B, 1324, 1328,

132C, 132D gate signal line driving unit
[0400] 36A, 36B, 66A, 136A, 136B, 136C, 136D shift
register unit

[0401] 38A, 38B, 68A, 138A voltage outputting unit

[0402] 42, 72 D-type flip-flop

[0403] 70, 71, 73 selector

[0404] 44, 74 AND gate

[0405] 45 selecting circuit

[0406] 46 transistor control unit

[0407] 47,48, 49, Q22, Q23, Q122, Q123, Q124, Q125
transistor

[0408] 51 delay unit

[0409] 52, 53 logic gate

[0410] 57, 58, 59 level shift unit

[0411] 191,221 COF

[0412] 222 display screen

[0413] 223 source printed circuit board

[0414] 224 gate printed circuit board

[0415] 226 source driver IC

[0416] 241a, 2415, 241c, 241d, 241e COF line
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[0417] 243a, 2435 driver input terminal

[0418] 243c operating terminal

[0419] 244a, 2445, 244¢ connecting terminal

[0420] 245 output terminal

[0421] 246 driver output terminal

[0422] 247 operating terminal

[0423] 361, 361a, 3615 switching circuit

[0424] 491 image display apparatus

[0425] 492 support column

[0426] 493 holding base

[0427] 501 shutter

[0428] 502 viewfinder

[0429] 503 cursor

[0430] 511 keyboard

[0431] 512 touch-pad

[0432] (20, C120 capacitor

[0433] D20, D120 EL element

[0434] Q20, Q120 driving transistor

[0435] CkA, CkB, CkC, CkD clock input terminal

[0436] DinA, DinB, DinC, DinD data input terminal

[0437] EneA, EneB, EneC, EneD enable input terminal

[0438] Din/out, Dout/in data input and output terminal

[0439] DoutA, DoutB, DoutC, DoutD data output termi-
nal

[0440] OutAl, OutA2, OutA3, OutAi, OutB1, OutB2,

OutB3, OutBi, OutC1, OutC2, OutC3, OutCi, OutD1,
OutD2, OutD3, OutDi, OutA64, OutB64, OutC64,
OutD64 output terminal

[0441] VonA, VonB, VonC, VonD, VoffA, VoffB, VoffC,
VoffD, VovdA, VovdB, VovdC, VovdD, power supply
terminal

[0442] Ti initialization period

[0443] To detecting period

[0444] Tw, Twl, Tw2, Twi writing period

[0445] Td, Td1, Td2, Tdi display period

[0446] CK1, CK2, CK3 clock

[0447] DI, D12, D13, DI4, DI5 signal

[0448] ENI1, EN2, EN3, EN4, EN5 enable signal

[0449] Vdd, Vos, Vsg, Vss, Vini, Vref, V22off, V22on,

V22ovd, V23oft, V23on, V1220ff, V1220n, V1220vd,
V123o0ff, V1230n, V124oft, V124on, V1250ff, V1250n

voltage
[0450] V220vd, V1220vd over-drive voltage
[0451] Vos offset voltage
[0452] Vsgimage signal voltage
[0453] CNT22, CNT122 write controlling signal
[0454] CNT23, CNT123 display controlling signal
[0455] CNT124, CNT125 control signal

1. An image display apparatus comprising;

adisplay screen which includes pixels arranged in a matrix,
each of the pixels including a light-emitting element, a
first switching transistor, a second switching transistor,
and a driving transistor that supplies a current to the
light-emitting element;

a first gate signal line disposed for each of rows of the
pixels and connected to the first switching transistor;

a second gate signal line disposed for each of the rows of
the pixels and connected to the second switching tran-
sistor;

a source signal line disposed for each of columns of the
pixels;

a gate driver circuit which applies a control voltage to the
first gate signal line and the second gate signal line; and
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a source driver circuit which supplies a video signal to the
source signal line,

wherein the gate driver circuit supplies a first control volt-
age to the first gate signal line, and supplies a second
control voltage to the second gate signal line, the first
control voltage being one of an ON voltage, a first OFF
voltage, and a second OFF voltage, the second control
voltage being one of the ON voltage and the first OFF
voltage.

2. The image display apparatus according to claim 1,

wherein the gate driver circuit includes:

a first shift register circuit which specifies, to the first gate
signal line, a position at which the ON voltage is applied,;
and

asecond shift register circuit which specifies, to the second
gate signal line, a position at which the ON voltage is
applied.

3. The image display apparatus according to claim 1,

wherein a time period for applying the second OFF voltage
is a time period during which one pixel row is selected.

4. The image display apparatus according to claim 1,

wherein a control terminal disposed in the gate driver cir-
cuit selects between the first control voltage and the
second control voltage.

5. The image display apparatus according to claim 1,

wherein the first gate signal line is connected to the gate
driver circuit at both ends of the first gate signal line, and

the second gate signal line is connected to the gate driver
circuit at one end of the second gate signal line.

6. An image display apparatus comprising;

adisplay screen which includes pixels arranged in a matrix,
each of the pixels including a light-emitting element, a
first switching transistor, a second switching transistor,
and a driving transistor that supplies a current to the
light-emitting element;

a first gate signal line disposed for each of rows of the
pixels and connected to the first switching transistor;

a second gate signal line disposed for each of the rows of
the pixels and connected to the second switching tran-
sistor;

a source signal line disposed for each of columns of the
pixels;

a first gate driver circuit which applies a control voltage to
the first gate signal line and the second gate signal line;

a second gate driver circuit which applies a control voltage
to the first gate signal line; and

a source driver circuit which supplies a video signal to the
source signal line,

wherein the first gate driver circuit and the second gate
driver circuit each have

a first mode in which a first control voltage is supplied to
one of the first gate signal line and the second gate signal
line, the first control voltage being one of an ON voltage,
a first OFF voltage, and a second OFF voltage, and

a second mode in which a second control voltage is sup-
plied to at least one of the first gate signal line and the
second gate signal line, the second control voltage being
one of the ON voltage and the first OFF voltage.

7. The image display apparatus according to claim 6,

wherein a gate driver circuit including the first gate driver
circuit and the second gate driver circuit includes:

a first shift register circuit which specifies, to the first gate
signal line, a position at which the ON voltage is applied,
and
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asecond shift register circuit which specifies, to the second
gate signal line, a position at which the ON voltage is
applied.

8. The image display apparatus according to claim 6,

wherein a time period for applying the second OFF voltage
is a time period during which one pixel row is selected.

9. The image display apparatus according to claim 6,

wherein a control terminal disposed in a gate driver circuit
including the first gate driver circuit and the second gate
driver circuit selects between the first control voltage
and the second control voltage.

10. The image display apparatus according to claim 6,

wherein a gate driver circuit including the first gate driver
circuit and the second gate driver circuit includes a plu-
rality of shift register circuits, and

the plurality of shift register circuits are each operated by
an independent clock.

11. The image display apparatus according to claim 6,

wherein the first gate driver circuit and the second gate
driver circuiteach include a first shift register circuit and
a second shift register circuit,

the first shift register circuit of the first gate driver circuit is
connected to the first gate signal line disposed for a first
pixel,

the second shift register circuit of the first gate driver circuit
is connected to the second gate signal line disposed for
the first pixel,

the first shift register circuit of the second gate driver circuit
is connected to the first gate signal line disposed for the
first pixel, and

the second shift register circuit of the second gate driver
circuit is connected to the first gate signal line disposed
for a second pixel.

12. An image display apparatus comprising:

adisplay screen which includes pixels arranged in a matrix,
each of the pixels including a light-emitting element, a
first switching transistor, a second switching transistor,
and a driving transistor that supplies a current to the
light-emitting element;

a first gate signal line disposed for each of rows of the
pixels and connected to the first switching transistor;

a second gate signal line disposed for each of the rows of
the pixels and connected to the second switching tran-
sistor;

a source signal line disposed for each of columns of the
pixels;

a gate driver circuit which applies a control voltage to the
first gate signal line and the second gate signal line; and

a source driver circuit which supplies a video signal to the
source signal line,

wherein the gate driver circuit sequentially supplies a first
control voltage to the first gate signal line, the first con-
trol voltage being one of an ON voltage, a first OFF
voltage, and a second OFF voltage, and

the gate driver circuit sequentially supplies a second con-
trol voltage to the second gate signal line, the second
control voltage being one of the ON voltage and the first
OFF voltage.
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13. The image display apparatus according to claim 12,

wherein the first switching transistor applies, to the pixels,
a video signal applied to the source signal line.

14. The image display apparatus according to claim 12,

wherein the gate driver circuit includes:

a first shift register circuit which specifies, to the first gate
signal line, a position at which the ON voltage is applied,;
and

asecond shift register circuit which specifies, to the second
gate signal line, a position at which the ON voltage is
applied.

15. The image display apparatus according to claim 12,

wherein a time period for applying the second OFF voltage
is a time period during which one pixel row is selected.

16. The image display apparatus according to claim 12,

wherein a control terminal disposed in the gate driver cir-
cuit selects between the first control voltage and the
second control voltage.

17. The image display apparatus according to claim 12,

wherein the first gate signal line is connected to the gate
driver circuit at both ends of the first gate signal line, and

the second gate signal line is connected to the gate driver
circuit at one end of the second gate signal line.

18. A gate driver integrated circuit for use in an image
display apparatus, the gate driver integrated circuit compris-
ing:

a plurality of gate signal line driving circuits each having a

shift register circuit and an output circuit;

an ON voltage input terminal to which an ON voltage is
applied,;

a first OFF voltage input terminal to which a first OFF
voltage is applied;

a second OFF voltage input terminal to which a second
OFF voltage is applied; and

an operation mode setting terminal,

wherein the gate driver integrated circuit has:

a first operation mode in which a scanning signal including
the ON voltage and the first OFF voltage is supplied; and

a second operation mode in which a scanning signal
including the ON voltage, the first OFF voltage, and the
second OFF voltage is supplied, and

selects one of the first operation mode and the second
operation mode based on a signal applied to the opera-
tion mode setting terminal.

19. The gate driver integrated circuit according to claim 18,

wherein the operation mode setting terminal is provided
for each of the plurality of the gate signal line driving
circuits.

20. The gate driver integrated circuit according to claim 18,

wherein the ON voltage input terminal is provided for each
of the plurality of the gate signal line driving circuits,
and

the second OFF voltage input terminal is provided in common
for the plurality of the gate signal line driving circuits.
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