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IMAGE DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Patent
Application No. PCT/JP2011/004514 filed on Aug. 9, 2011,
designating the United States of America. The entire disclo-
sure of the above-identified application, including the speci-
fication, drawings and claims are incorporated herein by ref-
erence in its entirety.

FIELD

[0002] One or more exemplary embodiments disclosed
herein relate generally to image display devices, and in par-
ticular, to an image display device using current-driven light-
emitting elements.

BACKGROUND

[0003] Image display devices using organic electrolumi-
nescence (EL) elements are known as image display devices
using current-driven light-emitting elements. Such organic
EL display devices using organic EL. elements which emit
light are best suited to make thinner devices because such
organic EL elements eliminate the necessity of back lights
conventionally required for liquid crystal display devices. In
addition, the organic EL elements do not place a limit on view
angle, and thus are expected to be practically used as next-
generation display devices. Furthermore, the organic EL ele-
ments used for the organic EL display devices include light-
emitting elements whose luminance are controlled by
currents having certain values, instead of including liquid
crystal cells controlled by voltages applied thereto.

[0004] In a usual organic EL display device, organic EL
elements which serve as pixels are arranged in a matrix. An
organic EL display is called a passive-matrix organic EL
display, in which organic EL elements are provided at inter-
sections of row electrodes (scanning lines) and column elec-
trodes (data lines) and voltages corresponding to data signals
are applied between selected row electrodes and the column
electrodes to drive the organic EL elements.

[0005] On the other hand, an organic EL display device is
called an active-matrix organic EL display, in which (i)
switching thin film transistors (TFTs) are provided at the
intersections of scanning lines and data lines and connected
with the gates of driving elements which receive data signals
through the signal lines when the switching TFTs are turned
on through selected scanning lines, and (ii) the organic EL
elements are driven by the driving elements.

[0006] The organic EL elements, which are included in the
passive-matrix organic EL display device and which are con-
nected to selected row electrodes (scanning lines), emit light
only until the selected row electrodes become unselected. In
contrast, organic EL elements in the active-matrix organic EL
display device can keep emitting light till subsequent scan-
ning (or selection), by including driving TFTs for controlling
current supplied to the organic EL elements by using voltages
applied to the gate electrodes, and electrostatic capacitors for
stably holding the gate voltages of the driving TFTs. Thus,
there is no reduction in luminance of the display even when
the number of scanning lines increases. Accordingly, the
active-matrix organic EL display device is driven with a low
voltage, thereby consuming less power.
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[0007] Here, an application of the gate voltage causes stress
on the driving TFT, which changes the state of the driving
TFT into a stable state slightly different from the initial elec-
trical characteristics (threshold voltage). More specifically, in
acasewhere display patterns are different between a previous
display period and a subsequent display period, different
levels of voltages are applied to the gate voltage of the driving
TFT; and thus, the stable state of the electrical characteristics
of the driving TFT in the previous display period caused by
the application of gate voltage is different from the stable state
of the electrical characteristics of the driving TFT in the
subsequent display period caused by the application of gate
voltage different from the gate voltage applied in the previous
display period. This causes display unevenness (a residual
image) in which influence of the previous display period is
displayed at the moment of switching from the previous dis-
play period into the subsequent display period, resulting in
reduction in display quality.

[0008] In order to cope with this, for example, Patent Lit-
erature (PTL) 1 discloses a circuit configuration of pixel units
in an active-matrix organic EL display device.

[0009] FIG. 15 is a circuit configuration diagram of a pixel
unit in a conventional organic EL display device according to
PTL1. A pixel unit 500 in FIG. 15 has a simple circuitry
including: an organic EL element 505 having a cathode con-
nected to a negative power source line (whose voltage value is
denoted as VEE); an n-type thin film transistor (n-type TFT)
504 having a drain connected to a positive power source line
(whose voltage value is denoted as VDD) and a source con-
nected to an anode of the organic EL element 505; a capacitor
element 503 which is connected between the gate and the
source of the n-type TFT 504 and holds a gate voltage of the
n-type TFT 504; a third switching element 509 for causing
both the terminals of the organic EL element 505 to have
approximately the same potential; a first switching element
501 which selectively applies a video signal from a signal line
506 to the gate of the n-type TFT 504; and a second switching
element 502 for initializing (resetting) the gate potential of
the n-type TFT 504 into a predetermined potential. The fol-
lowing describes light emitting operations performed by the
pixel unit 500.

[0010] In this conventional technique, in order to initialize
(reset) the n-type TFT 504, first, the second switching ele-
ment 502 is turned on at the start of a frame period by a
scanning signal supplied from the second scanning line 508,
and a predetermined voltage VREF supplied from a reference
power source line is applied to the gate of the n-type TFT 504
so as to prevent a current from flowing between the source and
the drain of the n-type TFT 504.

[0011] Next, thesecond switching element 502 is turned off
by a scanning signal supplied from the second scanning line
508.

[0012] Next, the first switching element 501 is turned on to
apply a signal voltage supplied from the signal line 506 to the
gate of the n-type TFT 504.

[0013] Next, the third switching element 509 is turned off
to supply a signal current corresponding to the charge accu-
mulated in the capacitor element 503 from the n-type TFT
504 to the organic EL element 505. At this time, the organic
EL element 505 emits light.
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CITATION LIST
Patent Literature
[PTL 1]
[0014] Japanese Patent Application Publication No. 2005-
4173
SUMMARY
Technical Problem
[0015] However, in the circuit configuration of the pixel

unit as above, even in a case where a voltage having the same
value is accumulated in the capacitor element 503, a current
having different value may flow into the n-type TFT 504 that
is a driving transistor.

[0016] More specifically, for example, suppose a case
where 0V is set to a first electrode (reference voltage side) of
the capacitor element 503, the voltage supplied to a second
electrode (the organic EL element 505 side) of the capacitor
element 503 is increased from 3V to 6V, and the potential
difference held by the capacitor element 503 is 6V. Suppose
another case where the voltage supplied to the second elec-
trode of the capacitor element 503 is decreased from 9V to 6V,
and the potential difference held by the capacitor element 503
is 6V. In these two cases, the current values corresponding to
the voltage values may be different. This stems from the fact
that the voltage-current characteristics of the n-type TFT 504
serving as a driving transistor have so called transient
response characteristics of threshold voltage. When the volt-
age-current characteristics of the driving transistor have tran-
sient response characteristics of the threshold voltage as
described above, a current having a value greater than or
smaller than a desired current value may flow accordingto the
voltage applied between the gate and source electrodes of the
driving transistor in a previous display period.

[0017] Inacasewherea current having a value greater than
the desired current value flows, excessive amount of light is
emitted. On the other hand, in a case where a current having
a value smaller than the desired current value flows, insuffi-
cient amount of light is emitted.

[0018] One non-limiting and exemplary embodiment pro-
vides an image display device which reduces occurrence of
residual images due to hysteresis characteristics of the driving
transistors, with simple pixel circuits.

Solution to Problem

[0019] Inone general aspect, the techniques disclosed here
feature an image display device which includes: a light-emit-
ting element; a first capacitor which holds a voltage; a driving
transistor having a gate electrode connected to a first elec-
trode of the first capacitor, and a source electrode connected
to a first electrode of the light-emitting element, the driving
transistor causing the light-emitting element to emit light by
applying, to the light-emitting element, a drain current corre-
sponding to the voltage held by the first capacitor; a second
capacitor having a first electrode connected to a second elec-
trode of the first capacitor; a first power source line connected
to a drain electrode of the driving transistor, for determining
a potential of the drain electrode of the driving transistor; a
second power source line connected to a second electrode of
the light-emitting element, for determining a potential of the
second electrode of the light-emitting element; a third power
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source line connected to the first electrode of the first capaci-
tor, for supplying a first reference voltage defining a voltage
value of the first electrode of the first capacitor; a fourth power
source line connected to a second electrode of the second
capacitor, for supplying a second reference voltage defining a
voltage value of the second electrode of the second capacitor;
a data line for supplying a signal voltage to the second elec-
trode of the first capacitor; a first switching element provided
between the first electrode of the first capacitor and the third
power source line, the first switching element setting the first
reference voltage to the first electrode of the first capacitor; a
second switching element having two terminals one of which
is electrically connected to the data line and the other of which
is electrically connected to the second electrode of the first
capacitor, the second switching element switching between a
conducting state and a non-conducting state between the data
line and the second electrode of the first capacitor; a third
switching element provided between the first electrode of the
light-emitting element and the second electrode of the first
capacitor, the third switching element switching between a
conducting state and a non-conducting state between the first
electrode of the light-emitting element and the second elec-
trode of the first capacitor; a driving circuit which controls the
first switching element, the second switching element, and
the third switching element; a first scanning line connected to
the first switching element, the second switching element,
and the driving circuit; and a second scanning line connected
to the third switching element and the driving circuit. At a
start of a reset period in a non-light-emitting period during
which the third switching element is non-conducting, the
driving circuit starts (i) setting a data voltage from the data
line to the second electrode of the first capacitor, (ii) setting
the’first reference voltage from the third power source line to
the first electrode of the first capacitor and the gate electrode
of the driving transistor, and (iii) setting a fixed voltage cor-
responding to a potential of the second power source line to
the source electrode of the driving transistor, the start of the
reset period being a time at which the first switching element
and the second switching element are made conducting by
applying an on-voltage to the first scanning line; in the non-
light-emitting period after making the first switching element
and the second switching element non-conducting by apply-
ing an off-voltage to the first scanning line, the fixed voltage
corresponding to the potential of the second power source line
is set to the source electrode of the driving transistor; and in a
light-emitting period, the driving circuit causes the light-
emitting element to emit light, by applying a potential differ-
ence between the first electrode and the second electrode of
the first capacitor, between the gate electrode and the source
electrode of the driving transistor to cause a current to flow
between the drain electrode and the source electrode of the
driving transistor according to a potential difference between
the gate electrode and the source electrode of the driving
transistor, the light-emitting period being a period during
which the first switching element and the second switching
element are non-conducting and the third switching element
is conducting made via the second scanning line.

[0020] Additional benefits and advantages of the disclosed
embodiments will be apparent from the Specification and
Drawings. The benefits and/or advantages may be individu-
ally obtained by the various embodiments and features of the
Specification and Drawings, which need not all be provided
in order to obtain one or more of such benefits and/or advan-
tages.
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Advantageous Effects

[0021] One or more exemplary embodiments or features
disclosed herein provide an image display device which
reduces occurrence of residual images due to hysteresis char-
acteristics of driving transistors, with simple pixel circuits.

BRIEF DESCRIPTION OF DRAWINGS

[0022] These and other advantages and features will
become apparent from the following description thereof
taken in conjunction with the accompanying Drawings, by
way of non-limiting examples of embodiments disclosed
herein.

[0023] FIG. 1 is a block diagram showing an electrical
configuration of an image display device according to the
present disclosure.

[0024] FIG. 2 is a diagram showing a circuit configuration
of a light-emitting pixel included in a display unit and con-
nections with the surrounding circuits according to Embodi-
ment 1.

[0025] FIG. 3A is an example of a chart showing operation
timings in a method of controlling the image display device
according to Embodiment 1.

[0026] FIG. 3B is another example of a chart showing
operation timings in the method of controlling the image
display device according to Embodiment 1.

[0027] FIG.4A is a diagram for describing a chart showing
operation timings in the method of controlling the image
display device according to Embodiment 1.

[0028] FIG. 4B is another diagram for describing the chart
showing operation timings in the method of controlling the
image display device according to Embodiment 1.

[0029] FIG. dC is another diagram for describing the chart
showing operation timings in the method of controlling the
image display device according to Embodiment 1.

[0030] FIG. 4D is another diagram for describing the chart
showing operation timings in the method of controlling the
image display device according to Embodiment 1.

[0031] FIG. 4E is another diagram for describing the chart
showing operation timings in the method of controlling the
image display device according to Embodiment 1.

[0032] FIG. 4F is another diagram for describing the chart
showing operation timings in the method of controlling the
image display device according to Embodiment 1.

[0033] FIG. 4G is another diagram for describing the chart
showing operation timings in the method of controlling the
image display device according to Embodiment 1.

[0034] FIG. 4H is another diagram for describing the chart
showing operation timings in the method of controlling the
image display device according to Embodiment 1.

[0035] FIG. 41 is another diagram for describing the chart
showing operation timings in the method of controlling the
image display device according to Embodiment 1.

[0036] FIG. 4] is another diagram for describing the chart
showing operation timings in the method of controlling the
image display device according to Embodiment 1.

[0037] FIG. 5 is a characteristic diagram showing that a
threshold voltage varies due to the charges accumulated in a
driving transistor.

[0038] FIG. 6 schematically shows the charges accumu-
lated in a driving transistor.

[0039] FIG. 7is a diagram of an example where a residual
image occurs due to hysteresis characteristics of driving tran-
sistors.
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[0040] FIG. 8 schematically shows the reset effects which
eliminate the charges accumulated in a driving transistor.
[0041] FIG. 9 is a diagram showing the reset effects on the
charges accumulated in the driving transistor shown in F1G. 6.
[0042] FIG. 10 schematically shows a configuration of a
driving transistor including an etching stopper.

[0043] FIG. 11 is an example of a chart showing operation
timings in a method of controlling an image display device
according to Embodiment 2.

[0044] FIG. 12A is a diagram showing a wiring layout of
light-emitting pixels according to Embodiment 3.

[0045] FIG. 12B is a diagram schematically showing an
example of a cross-section of a region F in the wiring layout
shown in FIG. 12A.

[0046] FIG. 12C is a diagram showing a circuit configura-
tion of the wiring layout shown in FIG. 12A.

[0047] FIG. 12D is a diagram schematically showing
another example of a cross-section of the region F in the
wiring layout shown in FIG. 12A.

[0048] FIG. 12E is a diagram schematically showing
another example of a cross-section of the region F in the
wiring layout shown in FIG. 12A.

[0049] FIG. 12F is a diagram schematically showing
another example of a cross-section of the region F in the
wiring layout shown in FIG. 12A.

[0050] FIG. 12G is a diagram schematically showing
another example of a cross-section of the region F in the
wiring layout shown in FIG. 12A.

[0051] FIG. 12H is a diagram schematically showing
another example of a cross-section of the region F in the
wiring layout shown in FIG. 12A.

[0052] FIG. 13 is a diagram showing another example of
wiring layout of light-emitting pixels according to Embodi-
ment 3.

[0053] FIG. 14 is an external view of a thin flat TV includ-
ing an image display device according to the present disclo-
sure.

[0054] FIG. 15 is a circuit configuration diagram of a pixel
unit in a conventional organic EL display device according to
PTLI.

DESCRIPTION OF EMBODIMENTS

[0055] According to an exemplary embodiment disclosed
herein, a display device includes: a light-emitting element; a
first capacitor which holds a voltage; a driving transistor
having a gate electrode connected to a first electrode of the
first capacitor, and a source electrode connected to a first
electrode of the light-emitting element, the driving transistor
causing the light-emitting element to emit light by applying,
to the light-emitting element, a drain current corresponding to
the voltage held by the first capacitor; a second capacitor
having a first electrode connected to a second electrode of the
first capacitor; a first power source line connected to a drain
electrode of the driving transistor, for determining a potential
of the drain electrode of the driving transistor; a second power
source line connected to a second electrode of the light-
emitting element, for determining a potential of the second
electrode of the light-emitting element; a third power source
line connected to the first electrode of the first capacitor, for
supplying a first reference voltage defining a voltage value of
the first electrode of the first capacitor; a fourth power source
line connected to a second electrode of the second capacitor,
for supplying a second reference voltage defining a voltage
value of the second electrode of the second capacitor; a data
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line for supplying a signal voltage to the second electrode of
the first capacitor; a first switching element provided between
the first electrode of the first capacitor and the third power
source line, the first switching element setting the first refer-
ence voltage to the first electrode of the first capacitor; a
second switching element having two terminals one of which
is electrically connected to the data line and the other of which
is electrically connected to the second electrode of the first
capacitor, the second switching element switching between a
conducting state and a non-conducting state between the data
line and the second electrode of the first capacitor; a third
switching element provided between the first electrode of the
light-emitting element and the second electrode of the first
capacitor, the third switching element switching between a
conducting state and a non-conducting state between the first
electrode of the light-emitting element and the second elec-
trode of the first capacitor; a driving circuit which controls the
first switching element, the second switching element, and
the third switching element; a first scanning line connected to
the first switching element, the second switching element,
and the driving circuit; and a second scanning line connected
to the third switching element and the driving circuit. At a
start of a reset period in a non-light-emitting period during
which the third switching element is non-conducting, the
driving circuit starts (i) setting a data voltage from the data
line to the second electrode of the first capacitor, (ii) setting
the first reference voltage from the third power source line to
the first electrode of the first capacitor and the gate electrode
of the driving transistor, and (iii) setting a fixed voltage cor-
responding to a potential of the second power source line to
the source electrode of the driving transistor, the start of the
reset period being a time at which the first switching element
and the second switching element are made conducting by
applying an on-voltage to the first scanning line; in the non-
light-emitting period after making the first switching element
and the second switching element non-conducting by apply-
ing an off-voltage to the first scanning line, the fixed voltage
corresponding to the potential of the second power source line
is set to the source electrode of the driving transistor; and in a
light-emitting period, the driving circuit causes the light-
emitting element to emit light, by applying a potential differ-
ence between the first electrode and the second electrode of
the first capacitor, between the gate electrode and the source
electrode of the driving transistor to cause a current to flow
between the drain electrode and the source electrode of the
driving transistor according to a potential difference between
the gate electrode and the source electrode of the driving
transistor, the light-emitting period being a period during
which the first switching element and the second switching
element are non-conducting and the third switching element
is conducting made via the second scanning line.

[0056] According to the embodiment, the first switching
element and the second switching element are controlled
through a common first scanning line.

[0057] More specifically, the first switching element and
the second switching element are made conducting through
the first scanning line, while the third switching element is
non-conducting.

[0058] First, a data voltage is set to the second electrode of
the first capacitor from the data line, and the reference voltage
is set to the first electrode of the first capacitor from the third
power source line. Then, the first capacitor holds a voltage
corresponding to the potential difference between the data
voltage and the reference voltage. At the same time, the ref-
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erence voltage is set to the gate electrode of the driving
transistor from the third power source line. In this case, since
the third switching element is non-conducting, the potential
of the second electrode of the light-emitting element is set to
the source electrode of the driving transistor. Accordingly,
unnecessary charges accumulated in the driving transistor in
the light-emitting period of the previous frame, starts to dis-
charge (rest of the driving transistor starts). In other words,
variation in the threshold voltage caused due to the charges
accumulated in the driving transistor in the light-emitting
period of the previous frame is eliminated, and the reset
operation stables the threshold voltage of the driving transis-
tor. Accordingly, when the reset is completed, the electrical
characteristics of the driving transistor at the start of light
emission are not influenced by the previous frame; and thus,
it is possible to supply a current having a desired value to a
light-emitting element.

[0059] Hence, the first capacitor holds the voltage corre-
sponding to the potential difference between the data voltage
and the reference voltage, and at the same time, the reset of the
driving transistor starts. Thus, for one light emission of one
pixel, the data line is not occupied for the length of time
corresponding to two data writes. As a result, only one write
is necessary for each pixel in a row. This means that double
write speed is not necessary for completing write operations
on all of the rows in one frame period. This eliminates the
necessity of reduction in wiring time constant of the data
lines, and also the necessity of thickening wiring films or
insulating films for wiring, thereby reducing process time,
increasing throughput, and reducing cost.

[0060] Next, the first switching element and the second
switching element are made non-conducting, while the third
switching element is non-conducting. During this process,
the reset of the driving transistor continues. The longer this
period is, the closer the potential of the source electrode of the
driving transistor becomes to the fixed voltage corresponding
to the reference voltage.

[0061] Here, even after the first switching element and the
second switching element are switched from on to off and
made non-conducting, the second capacitor reduces variation
in the potential held by the first capacitor. Hence, even when
the first switching element and the second switching element
are made non-conducting, the potential held by the first
capacitor can be maintained.

[0062] Next, the third switching element is made conduct-
ing, while the first switching element and the second switch-
ing element are non-conducting. Accordingly, the gate and
the source of the driving transistor are connected, the poten-
tial of the first electrode of the first capacitor is set to the gate
of the driving transistor, and the potential of the second elec-
trode of the first capacitor is set to the source of the driving
transistor. In other words, the potential difference between the
first electrode and the second electrode of the first capacitor is
applied between the gate electrode and the source electrode of
the driving transistor. As a result, the light-emitting element
emits light when a current flows between the drain and the
source of the driving transistor according to the potential
difference between the gate electrode and the source elec-
trode of the driving transistor.

[0063] As described, the control by the first scanning line
sets the data voltage to the second electrode of the first capaci-
tor and also starts reset of the driving transistor.

[0064] Furthermore, if the start of light emission of the
light-emitting element is delayed by the control through the
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second control line, the length of time period for resetting the
driving transistor can be provided longer.

[0065] As aresult, with a simple configuration in which the
first switching element and the second switching element are
controlled by a common first scanning line, influences of
hysteresis can be reduced by a simple control which sets the
data voltage to the second electrode of the first capacitor and
also starts the reset operation of the driving transistor, and
another simple control which starts light emission of the
light-emitting element and which ends the reset operation of
the driving transistor.

[0066] Here, it may be that in the non-light-emitting period,
a reverse bias is applied to the driving transistor by applying
the fixed voltage corresponding to the potential of the second
power source line and the first reference voltage.

[0067] With this, ina case where the first switching element
and the second switching element are made conducting
through the first scanning line while the third switching ele-
ment is non-conducting, a decrease in the potential difference
between the gate and the source of the driving transistor
securely starts.

[0068] Furthermore, it may be that a potential difference
between the second power source line and the first electrode
of the first capacitor to which the first reference voltage is set
is less than or equal to a sum of an absolute value of a
threshold voltage of the driving transistor and a threshold
voltage for light emission of the light-emitting element.
[0069] Furthermore, it may be that the fixed voltage corre-
sponding to the first reference voltage is a potential deter-
mined based on electrical characteristics of the driving tran-
sistor, electric characteristics of the light-emitting element,
and the first reference voltage.

[0070] According to the embodiment, the fixed voltage cor-
responding to the reference voltage is determined based on
the electrical characteristics of the driving transistor, electri-
cal characteristics of the light-emitting element, and the ref-
erence voltage.

[0071] Furthermore, it may be that when changing the first
switching element and the second switching element from
conducting into non-conducting via the first scanning line, the
driving circuit applies an overdrive voltage that is a voltage
lower than the off-voltage to the gate electrode of the first
switching element and the gate electrode of the second
switching element, and then applies the off-voltage to the gate
electrode of the first switching element and the gate electrode
of the second switching element.

[0072] Signal transmission delay of a scanning line is
defined by wiring resistance of the scanning line itself, and
capacitance formed between the scanning line and an other
control line or a power source line. As a result, when the
output of the control circuit which controls the scanning line
is changed from an on-voltage to an off-voltage, the potential
at a point, which is farthest from the output terminal and is
mostly influenced by wiring delays, asymptotically
approaches the off-voltage with a given time constant.
[0073] There is a threshold voltage of the scanning line at
which the first switching element and the second switching
elements turned off, and this threshold voltage is referred to as
Vgth. Itis defined that t21 denotes the length of time required
for the scanning line to change from an on-voltage to Vgth,
22 denotes the length of time required for the data line to
change from the first data potential to the second data poten-
tial, and 23 denotes the length of time required for the data
potential to equal the pixel potential, and t1H denotes the
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length of one horizontal period. Here, the potential of the data
line cannot be changed till the potential of the scanning line at
a point farthest from the output terminal of the scanning line
driving circuit becomes lower than Vgth. Hence, an approxi-
mative relation of “t1H=t21+122+23” exists.

[0074] In this embodiment, the scanning line is changed
from an on-voltage to an overdrive voltage that is lower than
the off-voltage, and then changed into the off-voltage (over-
drive). Accordingly, the on-voltage of the scanning line tries
to approximate the overdrive voltage; and thus, t1 can be
reduced compared to the case where the scanning line is
directly changed from an on-voltage into an off-voltage. In
other words, the minimum value of t1H can be reduced. More
specifically, the length of one frame period can be reduced
because one frame period corresponds to t1Hx(vertical syn-
chronous frequency). As a result, the frame frequency of
display can be increased.

[0075] Furthermore, it may be that a length of a period
during which the overdrive voltage is applied to the gate
electrode of the first switching element and the gate electrode
of the second switching element is shorter than a length of a
period during which the on-voltage is applied to the gate
electrode of the first switching element and the gate electrode
of the second switching element.

[0076] Ifthe length of the period (overdrive period) during
which the overdrive voltage is applied to the gate electrode of
the first switching element and the gate electrode of the sec-
ond switching element increases, off-characteristics of the
first switching element and the second switching element
decrease, thereby causing leak current.

[0077] According to the embodiment, the overdrive period
is set shorter than the period during which the on-voltage is
applied to the gate electrode of the first switching element and
the gate electrode of the second switching element. Accord-
ingly, the voltages of the gate electrode of the first switching
element and the gate electrode of the second switching ele-
ment are changed back to the off-voltage before they reach the
level at which leak current occurs; and thus, leak current can
be prevented while reducing the time t1 required for the first
switching element and the second switching element to
change from the on-voltage to the threshold voltage Vgth.
[0078] Furthermore, it may be that the non-light-emitting
period is 25 percent or more of a single frame period that is a
period from when the first switching element and the second
switching element are made conducting to when the first
switching element and the second switching element are
made conducting in a subsequent non-luminescence period.
[0079] According to the embodiment, the period, during
which the first switching element and the second switching
element are made non-conducting while the third switching
element is non-conducting, can be sufficiently provided.
Accordingly, while the potential of the source electrode of the
driving transistor is made approximate the fixed voltage cor-
responding to the reference voltage, the reset of the driving
transistor can be continued.

[0080] Furthermore, it may be that the driving transistor
includes a semiconductor layer which includes a crystalline
silicon layer obtained by laser annealing an amorphous sili-
con film for crystallization.

[0081] With respect to this type of driving transistor, the
potential of the source electrode of the driving transistor can
be sufficiently made approximate the fixed voltage corre-
sponding to the reference voltage, if the non-light-emitting
period is 25 percent or more of the one frame period.
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[0082] Furthermore, it may be that the first scanning line is
provided outside a single pixel region which includes the first
capacitor, the driving transistor, the second capacitor, the first
switching element, the second switching element, and the
third switching element.

[0083] Animportant function of the first switching element
after the first scanning line is changed from the on-voltage
into the off-voltage is to stably hold the gate voltage of the
driving transistor together with the first capacitor without
causing leak current. On the other hand, an important func-
tion of the second switching element is to stably hold the data
voltage held by the first capacitor together with the first
capacitor without causing leak current, and to stably hold the
data voltage held by the second capacitor together with the
second capacitor during the reset period.

[0084] Since the first scanning line is a control line fed from
outside the display unit, the first scanning line has properties
to easily pick up electrical noise from outside and prevent the
functions of the first switching element and the second
switching element when the potential varies due to the noise
during a write period from the end of the previous light
emission to the start of the current light emission.

[0085] If the variation in potential caused due to the noise
influences the pixel, the voltage held by the first capacitor or
the voltage held by the second capacitor may also vary. In
particular, the first capacitor or the second capacitor is likely
to be influenced, because the first capacitor and the second
capacitor are likely to be unstable, if, as in this embodiment,
a period is provided during which the first switching element
and the second switching element are made non-conducting
via the first scanning line and the third switching element is
made non-conducting via the second scanning line.

[0086] Hence, in this embodiment, the first scanning line is
provided outside the layout region of the pixel. Accordingly,
even if the potential of the first scanning line varies, it is
possible to reduce the possibility that this variation influences
the pixel. As a result, it is possible to reduce the possibility
that the voltage held by the first capacitor varies.

[0087] Furthermore, it may be that the second scanning line
passes within the single pixel region.

[0088] In such a manner, as one embodiment, the second
control line may be provided within the layout region of the
pixel.

[0089] Furthermore, it may be that the third power source
line is provided outside the single pixel region, and the first
scanning line is provided on a contact region which is for
electrically connecting the third power source line and the
driving transistor.

[0090] Insuchamanner, as one embodiment, the first scan-
ning line may be provided on a contact region of the third
power source line outside the pixel and the first transistor
within the pixel.

[0091] Furthermore, it may be that the second scanning line
is provided outside a single pixel region which includes the
first capacitor, the driving transistor, the second capacitor, the
first switching element, the second switching element, and
the third switching element.

[0092] Furthermore, it may be that the second scanning line
is provided on a node where the source electrode of the
driving transistor and the luminescence element are con-
nected and a node where the second switching element and
the third switching element are connected.

[0093] In such a manner, as one embodiment, the second
scanning line may be provided on the node (s) between the

Jul. 25,2013

source electrode of the driving transistor and the light-emit-
ting element and the node (a) between the second switching
element and the third switching element.

[0094] Furthermore, it may be that the second electrode of
the second capacitor, a first node, and a second node are
overlapped in this order in a vertical direction relative to the
first power source line, the first node extending a source
electrode of the second switching element and a source elec-
trode of the third switching element, and the second node
extending the gate electrode of the driving transistor.

[0095] According to this embodiment, the element place-
ment region can be reduced.

[0096] Furthermore, it may be that in a region where the
second electrode of the second capacitor, the first node, and
the second node are overlapped in this order in the vertical
direction, the second node has a width smaller than a width of
the first node.

[0097] According to the embodiment, in a region where no
node exists, the first power source line and the gate node are
not overlapped. Ifthe first power source line and the gate node
are overlapped in the region where no node exists, parasitic
capacitance is generated between the first power source line
and the gate node. On the other hand, the capacitance between
the first power source line and the node and the capacitance
between the node and the gate node are necessary capaci-
tance.

[0098] These capacitances reduce occurrence of the para-
sitic capacitance.

[0099] Furthermore, it may be that the first capacitor
includes the second node, a first insulating film, and the first
node, and the second capacitor includes the second electrode,
a second insulating film, and the first node.

[0100] Furthermore, it may be that the second electrode of
the second capacitor is included in a part of one of the first
power source line, the second power source line and the third
power source line.

[0101] Furthermore, it may be that a wiring layer immedi-
ately above the second insulating film is thicker than the first
electrode or the second electrode of the first capacitor.
[0102] According to the embodiment, the thickness of the
first power source line and the scanning line that are formed in
the wiring layer immediately above the second insulating film
are greater than the thickness of the first electrode or the
second electrode of the first capacitor. Accordingly, the wir-
ing resistance of the first power source line and the scanning
line can be reduced. Hence, it is possible to further stabilize
display quality, by reducing voltage drop of the first power
source line to stably supply power to the driving transistor or
reducing the wiring time constant of the scanning line.
[0103] Furthermore, it may be that a wiring layer immedi-
ately above the second insulating film includes at least two
layers, and at least one of the at least two layers forms the
second electrode of the second capacitor.

[0104] According to the embodiment, the wiring layer
immediately above the second insulating film may include at
least two layers.

[0105] Furthermore, it may be that a wiring layer immedi-
ately above the second insulating film includes a plurality of
layers, an uppermost layer of the wiring layer is thickest
among the plurality of layers, and the plurality of layers
excluding the uppermost layer form the second electrode of
the second capacitor.

[0106] According to the embodiment, the wiring layer
immediately above the second insulating film includes a plu-
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rality of layers. The uppermost layer of the wiring layer is
thickest, and is not formed in the region of the second capaci-
tor. With this, forming the first power source line and the
scanning line so as to include the uppermost layer of the
wiring layer immediately above the second insulating film
reduces wiring resistance, and also allows thinner second
electrode of the second capacitor, thereby reducing the over-
all thickness of the second capacitor. As a result, it is possible
to improve flatness above the formation area of the second
capacitor, while reducing the wiring resistance of the first
power source line and the first scanning line.

[0107] Furthermore, it may be that a wiring layer immedi-
ately above the second insulating film includes a plurality of
layers, alowermost layer of the wiring layer is thickest among
the plurality of layers, and the plurality of layers excluding
the lowermost layer form the second electrode of the second
capacitor.

[0108] According to the embodiment, the wiring layer
immediately above the second insulating film includes a plu-
rality of layers. The lowermost layer of the first power source
line and the scanning line that are the wiring layers is thickest,
and the lowermost layer of the first power source line is not
formed in the region of the second capacitor. With this, it is
possible to reduce the wiring resistance of the first power
source line and the first scanning line, and also allows thinner
second electrode of the second capacitor, thereby reducing
the overall thickness of the second capacitor. As a result, it is
possible to improve flatness above the formation area of the
second capacitor, while reducing the wiring resistance of the
first power source line.

[0109] Furthermore, it may be that the second electrode of
the second capacitor is connected to one of the first power
source line, the second power source line, the third power
source line, the source of the driving transistor, and the second
scanning line.

[0110] According to the embodiment, it is not necessary to
prepare a power source line or a power source for determining
the potential of the second electrode of the second capacitor,
thereby simplifying the pixel arrangement and driving circuit.
[0111] Any wiring may be used as long as the wiring is
capable of supplying a constant potential to the second elec-
trode of the second capacitor.

[0112] Each of the exemplary embodiments described
below shows a general or specific example. The numerical
values, shapes, materials, structural elements, the arrange-
ment and connection of the structural elements, steps, the
processing order of the steps etc. shown in the following
exemplary embodiments are mere examples, and therefore do
not limit the scope of the appended Claims and their equiva-
lents. Therefore, among the structural elements in the follow-
ing exemplary embodiments, structural elements not recited
in any one of the independent claims are described as arbi-
trary structural elements.

Embodiment 1

[0113] Hereinafter, certain exemplary embodiments are
described in greater detail with reference to the accompany-
ing Drawings.

[0114] FIG. 1 is a block diagram showing an electrical
configuration of an image display device according to the
present disclosure. An image display device 1 in FIG. 1
includes a control circuit 2, a memory 3, a scanning line
driving circuit 4, a signal line driving circuit 5, and a display
unit 6.
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[0115] FIG. 2is a diagram showing a circuit configuration
of a light-emitting pixel included in a display unit and con-
nections with the surrounding circuits according to Embodi-
ment 1. A light-emitting pixel 10 in FIG. 2 includes switching
transistors 11, 12, and 19, electrostatic capacitors 13 and 23,
adriving transistor 14, an organic EL element 15, a signal line
16, scanning lines 17 and 18, reference power source lines 20
and 24, a positive power source line 21, and a negative power
source line 22. In addition, the surrounding circuits include
the scanning line driving circuit 4 and the signal line driving
circuit 5.

[0116] The circuit configuration shown in FIG. 2 is the
same as that disclosed in W0O2010/041426.

[0117] The following descriptions are given of connection
relationships and functions of the structural elements shown
in FIG. 1 and FIG. 2.

[0118] Thecontrol circuit 2 controls the scanning line driv-
ing circuit 4, the signal line driving circuit 5, and the memory
3. The memory 3 stores correction data or the like of the
respective light-emitting pixels. The control circuit 2 reads
the correction data written in the memory 3, corrects a video
signal inputted from outside, based on the correction data,
and outputs the corrected data to the signal line driving circuit
5.

[0119] The scanning line driving circuit 4 is an example of
the driving circuit according to the present disclosure. The
scanning line driving circuit 4 controls the switching transis-
tors 11, 12, and 19. More specifically, the scanning line driv-
ing circuit 4 is connected to the scanning lines 17 and 18, and
controls between conducting and non-conducting states of
the switching transistors 11, 12, and 19 included in the light-
emitting pixel 10 by outputting a scanning signal to the scan-
ning lines 17 and 18.

[0120] The signal line driving circuit 5 is connected to the
signal line 16, and functions as a driving circuit for outputting
a signal voltage based on a video signal to the light-emitting
pixel 10.

[0121] The display unit 6 includes light-emitting pixels 10,
and displays an image, based on the video signal inputted
from outside to the image display device 1.

[0122] The switching transistor 11 is an example of the
second switching element according to the present disclo-
sure. The switching transistor 11 has one terminal electrically
connected to the signal line 16, and another terminal electri-
cally connected to an electrode 132 of the electrostatic
capacitor 13. The switching transistor 11 switches between
conducting and non-conducting states between the signal line
16 and the electrostatic capacitor 13. More specifically, the
switching transistor 11 is a second switching element having
a gate connected to the scanning line 17, a source and a drain
one of which is connected to the signal line 16 and the other
of which is connected to the electrode 132 of the electrostatic
capacitor 13. The switching transistor 11 determines the volt-
age held between the electrodes of the electrostatic capacitor
13 by controlling the conducting and non-conducting states
between the signal line 16 and the electrode 132 of the elec-
trostatic capacitor 13.

[0123] The switching transistor 12 is an example of the first
switching element according to the present disclosure. The
switching transistor 12 is provided between an electrode 131
of the electrostatic capacitor 13 and the reference power
source line 20, and sets the reference voltage to the electrode
131 of the electrostatic capacitor 13. More specifically, the
switching transistor 12 is a first switching element having a
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gate connected to the scanning line 17, and has a source and
a drain one of which is connected to the reference power
source line 20 and the other of which is connected to the
electrode 131 of the electrostatic capacitor 13. The switching
transistor 12 determines a timing with which reference volt-
age VREF1 of the reference power source line 20 is applied to
the electrode 131 of the electrostatic capacitor 13. The
switching transistors 11 and 12 are configured, for example,
in form of n-type thin film transistors (n-type TFTs), but may
be p-type thin film transistors (p-type TFTs).

[0124] The electrostatic capacitor 13 is an example of the
first capacitor according to the present disclosure. The elec-
trostatic capacitor 13 has a first electrode and a second elec-
trode, and holds voltage. More specifically, the electrostatic
capacitor 13 is a first capacitor having the electrode 131 that
is the first electrode connected to the gate of the driving
transistor 14, and having the electrode 132 that is the second
electrode connected to the source of the driving transistor 14
through the switching transistor 19. The electrostatic capaci-
tor 13 holds the voltage corresponding to the signal voltage
supplied from the signal line 16. For example, after the
switching transistors 11 and 12 are turned off (made non-
conducting) and the switching transistor 19 is turned on
(made conducting), the electrostatic capacitor 13 stably holds
the potential between the gate electrode and the source elec-
trode of the driving transistor 14 and stabilizes a current
supplied from the driving transistor 14 to the organic EL
element 15.

[0125] The electrostatic capacitor 23 is an example of the
second capacitor according to the present disclosure. The
electrostatic capacitor 23 has afirst electrode connected to the
electrode 132 of the electrostatic capacitor 13. More specifi-
cally, the electrostatic capacitor 23 is a second capacitor hav-
ing an electrode 231, that is a first electrode connected to the
electrode 132 of the electrostatic capacitor 13, and having an
electrode 232 that is a second electrode connected to the
reference power source line 24 that is the first reference power
source line. Since the electrode 232 of the electrostatic
capacitor 23 is connected to the fixed reference voltage
VREF2 of the reference power source line 24, the electro-
static capacitor 23 reduces, with the electrostatic capacitors
13, variation in the potential VREF1 held by the first electrode
131 of the electrostatic capacitors 13, even after the switching
transistors 11 and 12 are switched from on (conducting state)
into off (non-conducting state). More specifically, even when
the switching transistors 11 and 12 are turned off (made
non-conducting), the electrostatic capacitor 23 stably keeps
the voltage applied to the gate electrode of the driving tran-
sistor 14 VREF1.

[0126] The driving transistor 14 is an example of the light-
emitting element according to the present disclosure. The
driving transistor 14 has a gate connected to the electrode 131
of the electrostatic capacitor 13, and a source connected to an
anode of the organic EL element 15. The driving transistor 14
supplies, to the organic EL element 15, a drain current corre-
sponding to the voltage held by the electrostatic capacitor 13
to cause the organic EL element 15 to emit light. More spe-
cifically, the driving transistor 14 is a driving element having
a drain connected to the positive power source line 21 that is
the second power source line, and having a source connected
to the anode of the organic EL element 15. The driving tran-
sistor 14 converts the voltage corresponding to the signal
voltage applied between the gate and the source into a drain
current corresponding to the signal voltage. Subsequently, the
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driving transistor 14 supplies this drain current as the signal
current to the organic EL element 15. The driving transistor
14 is configured in form of n-type thin film transistor (n-type
TFT), for example. Furthermore, the driving transistor 14
may include a semiconductor layer including (i) an amor-
phous silicon film or (ii) a crystalline silicon layer obtained by
laser annealing an amorphous silicon film for crystallization,
or may include a semiconductor layer comprising an oxide of
alloy including, for example, In or Zn.

[0127] The organic EL element 15 is an example of a light-
emitting element according to the present disclosure. More
specifically, the organic EL, element 15 is a light-emitting
element having a cathode connected to the negative power
source line 22 that is the second power source line. The
organic EL element 15 emits light when the signal current
controlled by the driving transistor 14 flows into the organic
EL element 15.

[0128] The switching transistor 19 is an example of the
third switching element according to the present disclosure.
The switching transistor 19 is provided between the anode of
the organic EL element 15 and the electrode 132 of the elec-
trostatic capacitor 13, and switches between conducting and
non-conducting states between the anode of the organic EL
element 15 and the electrode 132 of'the electrostatic capacitor
13. More specifically, the switching transistor 19 is the third
switching element which has a gate connected to the scanning
line 18, and has a source and a drain one of which is connected
to the source of the driving transistor 14 and the other of
which is connected to the electrode 132 of the electrostatic
capacitor 13. The switching transistor 19 determines a timing
with which the potential held by the electrostatic capacitor 13
is applied between the gate electrode and the source electrode
of the driving transistor 14 to cause the organic EL element 15
to start emitting light. The switching transistor 19 is config-
ured in form of n-type thin film transistor (n-type TFT), for
example. The switching transistor 19 may be configured in
form of p-type thin film transistor (p-type TFT).

[0129] The signal line 16 is an example of the data line
according: to the present disclosure, and supplies a signal
voltage to the electrode 132 of the electrostatic capacitor 13.
More specifically, the signal line 16 is connected to the signal
line driving circuit 5 and to each of light-emitting pixels
belonging to a pixel column including the light-emitting pixel
10, and supplies a signal voltage that determines the lumi-
nance intensity of the pixels. Here, the signal line 16 is pro-
vided for each pixel column. In other words, in the image
display device 1, the number of signal lines 16 corresponds to
the number of pixel columns.

[0130] The scanning line 17 is an example of the first scan-
ning line according to the present disclosure. The scanning
line 17 is connected to the switching transistors 11 and 12,
and the scanning line driving circuit 4. Mores specifically, the
scanning line 17 is connected to the scanning line driving
circuit 4, and is also connected to each of the light-emitting
pixels belonging to the pixel row including the light-emitting
pixel 10. With this, the scanning line 17 supplies a timing with
which the signal voltage is written into each of the light-
emitting pixels belonging to the pixel row including the light-
emitting pixel 10, and also supplies a timing with which the
reference voltage VREF1 is applied to the gate of the driving
transistor 14 included in the light-emitting pixel to end light
emission of the organic EL element 15.

[0131] The scanning line 18 is an example of the second
scanning line according to the present disclosure, and is con-
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nected to the switching transistor 19 and the scanning line
driving circuit 4. More specifically, the scanning line 18 is
connected to the scanning line driving circuit 4, and connects
the potential of the electrode 132 of the electrostatic capacitor
13 to the source of the driving transistor 14. With this, the
scanning line 18 supplies a timing with which the luminance
signal voltage held between the electrodes of the electrostatic
capacitor 13 is applied between the gate electrode and the
source electrode of the driving transistor 14 to start light
emission of the organic EL element 15.

[0132] Furthermore, in the image display device 1, the
number of scanning lines 17 and 18 corresponds to the num-
ber of pixel rows.

[0133] Thereference power source line 20 is an example of
the third power source line according to the present disclo-
sure. The reference power source line 20 is connected to the
electrode 131 of the electrostatic capacitor 13, and supplies
reference voltage VREF1 which defines the voltage value of
the electrode 131 of the electrostatic capacitor 13. The
VREF1 is set to the voltage at which the driving transistor 14
turns off.

[0134] Thereference power source line 24 is an example of
the fourth power source line according to the present disclo-
sure. The reference power source line 24 is connected to the
electrode 232 of the electrostatic capacitor 23, and supplies
reference voltage VREF2 which defines the voltage value of
the electrode 232 of the electrostatic capacitor 23. Further-
more, it is sufficient that the voltage of the gate electrode of
the driving transistor 14 is stably kept from the time imme-
diately before the switching transistors 11 and 12 are made
conducting via the scanning line 17 till the time immediately
before the switching transistor 19 is made conducting via the
scanning line 18. For example, the reference power source
line 24 may receive power from an independent line, or may
be the positive power source line 21, the negative power
source line 22, the reference power source line 20 or the
scanning line 18 of each light-emitting pixel 10.

[0135] Furthermore, the positive power source line 21 is an
example of the first power source line according to the present
disclosure. The positive power source line 21 is connected to
the drain of the driving transistor 14, and determines the
potential (VDD) of the drain of the driving transistor 14.
[0136] The negative power source line 22 is an example of
the second power source line according to the present disclo-
sure. The negative power source line 22 is connected to the
cathode of the organic EL element 15, and determines the
potential (VEE) of the cathode of the organic EL element 15.
[0137] Theimage display device 1 has the configuration as
described above.

[0138] Although not shown in FIGS. 1 and 2, each of the
reference power source line 20, the reference power source
line 24, the positive power source line 21 that is the first power
source line, and the negative power source line 22 that is the
second power source line is also connected to other light-
emitting pixels and the voltage source.

[0139] Furthermore, it has been described that the electrode
232 of the electrostatic capacitor 23 is connected to the ref-
erence power source line 24; but the connection of the elec-
trode 232 of the electrostatic capacitor 23 is not limited to
this. It is sufficient that a constant potential is supplied to the
electrode 232 of the electrostatic capacitor 23 during a non-
light-emitting period. Accordingly, the electrode 232 of the
electrostatic capacitor 23 may be connected to one of the
positive power source line 21, the negative power source line
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22, the reference power source line 20, the source of the
driving transistor 14. and the scanning line 18. In this case, it
is not necessary to prepare a power source line and a power
source for determining the electrode 232 of the electrostatic
capacitor 23, thereby simplifying the pixel arrangement and
driving circuit.

[0140] Next, a description is given of a method of control-
ling the image display device 1 according to Embodiment 1.
[0141] FIG. 3Ais an example of a chart showing operation
timings in the method of controlling the image display device
according to Embodiment 1. FIG. 3B is another example of a
chart showing operation timings in the method of controlling
the image display device according to Embodiment 1. In FIG.
3A and FIG. 3B, the horizontal axis represents time. In the
vertical direction, waveforms of voltages generated in the
scanning line 17, the scanning line 18, and the signal line 16
are shown from top to bottom in this sequence.

[0142] In addition, FIG. 4A to FIG. 4] are diagrams for
describing the charts showing operation timings in the
method of controlling the image display device according to
Embodiment 1, and each shows a pixel circuitin a conducting
state. Descriptions are given below where, for example, the
voltage levels of the scanning line 17 and the scanning line 18
are 420 V in HIGH and -10 V in LOW. However, different
voltage levels (HIGH or LOW) may be given to the scanning
line 17 and the scanning line 18 according to the electrical
characteristics of the switching transistors 11, 12 and 19.
[0143] First, at time t0, as shown in FIG. 3A, the scanning
line driving circuit 4 maintains the voltage level of the scan-
ning line 17 low, while the switching transistors 11 and 12 are
off. Inaddition, the scanning line driving circuit 4 changes the
voltage level of the scanning line 18 from HIGH to LOW to
turn off the switching transistor 19. With this, the source of the
driving transistor 14 and the electrode 132 of the electrostatic
capacitor 13 are turned off (made non-conducting) (FIG. 4A).
Hence, time t0 is immediately after the source of the driving
transistor 14 and the electrode 132 of the electrostatic capaci-
tor 13 became off state (non-conducting state), the voltage
value of the electrode 132 of the electrostatic capacitor 13 is
held to the voltage (VEL1(ON)) of the anode of the organic
EL element 15 by the electrostatic capacitor 23, and the gate
voltage of the driving transistor 14 is also held by the elec-
trostatic capacitor 13 to the voltage at which the switching
transistor 19 is on; thereby continuing light emission of the
organic EL element 15.

[0144] Next, at time t1, as shown in FIG. 3A, the data
voltage to the second electrode of the electrostatic capacitor
13 starts to be set (write period starts), and reset period of the
driving transistor 14 also starts.

[0145] More specifically, as shownin F1G. 3A and FIG. 4B,
the scanning line driving circuit 4 maintains the voltage level
of the scanning line 18 low, and the switching transistor 19
keeps to be off (non-conducting). In addition, the scanning
line driving circuit 4 changes the voltage level of the scanning
line 17 from LOW to HIGH while the switching transistor 19
is off (non-conducting) to turn on the switching transistors 11
and 12 (make the switching transistors 11 and 12 conducting).
[0146] More specifically, at time t1, the reference voltage
(VREF1) of the reference power source line 20 is applied to
the gate of the driving transistor 14, and the voltage which
corresponds to the sum of the voltage (VEE) of the negative
power source line 22 and the voltage greater than or equal to
the absolute value of the luminescence threshold voltage of
the organic EL element 15 is applied to the source of the
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driving transistor 14. In addition, the reference voltage
VREF1 of the reference power source line 20 is applied to the
electrode 131 of the electrostatic capacitor 13, thereby keep-
ing the reference voltage (VREF1) of the reference power
source line 20. In such a manner, the driving transistor 14 is
turned off.

[0147] In other words, at time t1, since the switching tran-
sistor 19 is off (non-conducting), the anode electrode of the
organic EL element 15 which corresponds to the source volt-
age of the driving transistor 14 gradually approaches the sum
of the voltage (VEE) of the negative power source line 22 and
the absolute value of the luminescence threshold voltage of
the organic EL element 15. With this, unnecessary charges
accumulated in the driving transistor 14 in the non-light-
emitting period of the previous frame ((N-1) frame) starts
discharging, that is, reset of the driving transistor 14 starts.

[0148] At time t1, the signal line driving circuit 5 applies
the data voltage (Vdatal) to the signal line 16. Then, the data
voltage (Vdatal) of the signal line 16 is set to the electrode
132 (Voltage Vx) of the electrostatic capacitor 13. On the
other hand, the reference voltage (VREF1) of the reference
power source line 20 is set to the electrode 131 of the elec-
trostatic capacitor 13. Accordingly, the voltage correspond-
ing to the potential difference between the data voltage
(Vdata) and the reference voltage (VREF1) is held by the
electrostatic capacitor 13.

[0149] Furthermore, the reference voltage (VREF1) is an
off-voltage which turns off the driving transistor 14 (makes
the driving transistor 14 non-conducting). To turn off the
driving transistor 14, the relation of VREF1=VEE+Vth
(EL)+Vth(TFT) has to be satisfied where Vth (EL) denotes
the luminescence threshold voltage of the organic EL element
15 and Vth (TFT) denotes the threshold voltage of the driving
transistor 14. For example, where the threshold voltage of the
driving transistor 14 is 1V, and the absolute value of the
luminescence threshold voltage of the organic EL element 15
is 2V, it is set such that the voltage of the positive power
source line 211s 25V, the voltage of the negative power source
line 22 is 10V, and the voltage of the reference power source
line 20 is 10V.

[0150] Furthermore, the fixed voltage which corresponds to
the potential (VEE) of the negative power source line 22 starts
to be set to the source of the driving transistor 14.

[0151] Here, the fixed voltage which corresponds to the
potential (VEE) ofthe negative power source line 22 refers to,
for exaniple, the value of the sum of the voltage (VEE) of the
negative power source line 22 and the absolute value of the
threshold voltage at which the organic EL element 15 starts to
emit light. Hence, a reverse bias (a constant voltage), which
satisfies the relation of Vgs-Vth<0, starts to be applied to the
driving transistor 14.

[0152] At this time, a current does not flow between the
source and the drain of the driving transistor 14; and thus, the
organic EL element 15 does not emit light. In other words, at
time t1, light emission of the organic EL element 15 stops.
With this, the case where the switching transistors 11 and 12
are made conducting via the scanning line 17 while the
switching transistor 19 is off (non-conducting) corresponds
to that a reverse bias (constant voltage) is applied between the
gate and the source of the driving transistor 14. Accordingly,
a decrease in the source potential of the driving transistor 14
due to self-discharge of the organic EL element 15 (reset
period) steadily starts.
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[0153] 1In the period from time t1 to time t2, as shown in
FIG. 3A, the voltage level of the scanning line 17 is HIGH;
and thus, the signal voltage (Vdatal) is applied from the
signal line 16 to the electrode 132 of the light-emitting pixel
10 from the signal line 16, and in a similar manner, the fixed
voltage which corresponds to the potential (VEE) of the nega-
tive power source line 22 is set to the source of the driving
transistor 14 for each light-emitting pixel belonging to the
pixel row including the light-emitting pixel 10.

[0154] In this period, only capacitive load is connected to
the reference power source line 20, thereby causing no steady
current while the voltage level of the scanning line 17 is
HIGH. As a result, no voltage drop occurs. In addition, the
potential difference between the drain and the source of the
switching transistor 12 is OV when charging of the electro-
static capacitor 13 completes. The same applies to the signal
line 16 and the switching transistor 11. Accordingly, the accu-
rate reference potential (VREF1) which corresponds to the
signal voltage and the signal voltage (Vdata) are respectively
applied to the electrodes 131 and 132 of the electrostatic
capacitor 13.

[0155] Next, at time t2, as shown in FIG. 3A, the scanning
line driving circuit 4 changes the voltage level of the scanning
line 17 from HIGH to LOW to turn off the switching transis-
tors 11 and 12 (make the switching transistors 11 and 12
non-conducting). With this, as shown in FIG. 4C, the elec-
trode 131 of the electrostatic capacitor 13 and the reference
power source line 20 become an off-state (non-conducting
state), and the electrode 132 of the electrostatic capacitor 13
and the signal line 16 also become an off-state (non-conduct-
ing state).

[0156] More specifically, at time t2, as shown in FIG. 3A,
the scanning line driving circuit 4 maintains the voltage level
of the scanning line 18 LOW, and the switching transistor 19
keeps to be off (non-conducting). While the switching tran-
sistor 19 is off (non-conducting), the scanning line driving
circuit 4 changes the voltage level of the scanning line 17
from HIGH to LOW to turn off the switching transistors 11
and 12 (make the switching transistors 11 and 12 non-con-
ducting). The reset of the driving transistor continues. This is
because even after the switching transistors 11 and 12 are
changed from on (conducting state) into off (non-conducting
state), the electrostatic capacitor 23 reduces variation in
potential of the first electrode 231 of the electrostatic capaci-
tor 23, that is, the second electrode 132 of the electrostatic
capacitor 13, and the electrostatic capacitor 13 reduces varia-
tion in potential of the first electrode 131 of the electrostatic
capacitor 13. More specifically, even after the time t2 at which
the switching transistors 11 and 12 are turned off (made
non-conducting), the electrostatic capacitors 13 and 23 stably
maintains the gate potential of the driving transistor 14
VREF1, and are continuously applying a reverse bias (a con-
stant voltage) between the gate and the source of the driving
transistor 14. Hence, the longer the reset period of the driving
transistor 14 is, the closer the potential of the source of the
driving transistor 14 approaches the fixed voltage (VEE+Vth
(EL)) which corresponds to the reference voltage (VREF1),
and this is preferable. In Embodiment 1, the reset period
continues till time t4. Embodiment 1 shows a case where the
potential of the source of the driving transistor 14 approaches
the fixed voltage (VEL(off)=VEE+Vth(EL)) which corre-
sponds to the reference voltage (VREF1) at time t3 (For
example, FIG. 4D). Here, the fixed voltage which corre-
sponds to the reference voltage (VREF1) is the potential
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determined based on the electrical characteristics of the driv-
ing transistor 14, the electrical characteristics of the organic
EL element 15, and the reference voltage (VREF1).

[0157] Next, at time t4, as shown in FIG. 3A, the reset
period of the driving transistor 14 ends, and the light-emitting
period starts. More specifically, as shown in FIG. 3A and FIG.
4E, while the scanning line driving circuit 4 maintains the
voltage level of the scanning line 17 LOW and maintains the
switching transistors 11 and 12 off (non-conducting), the
scanning line driving circuit 4 changes the voltage level of the
scanning line 18 from LOW into HIGH to turn on the switch-
ing transistor 19 (make the switching transistor 19 conduct-
ing).

[0158] Then, as shown in FIG. 4E, the source of the driving
transistor 14 and the electrode 132 of the electrostatic capaci-
tor 13 are made conducting. Furthermore, the electrode 131
of the electrostatic capacitor 13 is disconnected from the
reference power source line 20, and the electrode 132 of the
electrostatic capacitor 13 is disconnected from the signal line
16.

[0159] With this, the gate and the source of the driving
transistor 14 is connected, the potential (VREF1-Vdata+
VEL(off)) of the electrode 131 of the electrostatic capacitor
13 is set to the gate of the driving transistor 14, and the
potential (VEL(off)) of the electrode 132 of the electrostatic
capacitor 13 is set to the source of the driving transistor 14. In
other words, the potential difference (VREF1-Vdata)
between the electrode 131 and the electrode 132 of the elec-
trostatic capacitor 13 is applied between the gate and the
source electrodes of the driving transistor 14. Accordingly, a
current flows between the drain and the source of the driving
transistor 14 according to the potential difference between the
gate and the source electrodes of the driving transistor 14,
thereby causing the organic EL element 15 to emit light.
When the organic EL element 15 starts light emission, the
potential of the source of the driving transistor 14 changes to
VEL(ON). At this time, the potential (VREF1-Vdata+VEL
(on)) of the electrode 131 of the electrostatic capacitor 13 is
set to the gate of the driving transistor 14, and the potential
difference (VREF1-Vdata) between the electrode 131 and
the electrode 132 of the electrostatic capacitor 13 is continu-
ously applied between the gate and the source electrodes of
the driving transistor 14. More specifically, the gate potential
of the driving transistor 14 changes according to the variation
of the source potential, and the voltage between both termi-
nals of the electrostatic capacitor 13 (VREF1-Vdata) is
applied between the gate and the source of the driving tran-
sistor 14. As a result, a signal current corresponding to
(VREF1-Vdata) flows into the organic EL element 15,
thereby causing light emission of the organic EL element 15.
In Embodiment 1, for example, the source potential of the
driving transistor 14 changes from 12V into 15V due to
conduction of the switching transistor 19.

[0160] In the period from time t4 to time t5 (that is, light-
emitting period), (VREF1-Vdata) that is the voltage between
both terminals of the electrostatic capacitor 13 is continu-
ously applied between the gate and the source of the driving
transistor 14, causing a flow of the signal current which keeps
light emission of the organic EL element 15.

[0161] The period from time t0 to time t5 corresponds to a
frame period in which the light emission intensity of all the
light-emitting pixels included in the image display device 1 is
updated, and operations as in the period from t1 to t5 are
repeated at and after t5. For example, time t5 to time t9 in an
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N+1 frame respectively correspond to time t0 to time t4
described above. Furthermore, since the operations in the
method of controlling the image display device at time t5 to
time t9 shown in FIG. 3A, and FIG. 4F to FIG. 4] are the same
as those performed at time t0 to time t4; and thus, their
detailed descriptions are not given.

[0162] Theimage display device is controlled as described
above, and the threshold voltage of the driving transistor 14
does not vary due to the charges accumulated in the driving
transistor 14 in the light-emitting period of the previous
frame. More specifically, by providing sufficient reset period
as described above stabilizes the threshold voltage of the
driving transistor 14. In other words, when the reset period
ends, the electrical characteristics of the driving transistor 14
atthe start of light emission are not influenced by the previous
frame; and thus, it is possible to supply a current having a
desired value to the light-emitting element 15.

[0163] Furthermore, the voltage which corresponds to the
potential difference between the signal voltage (Vdatal or the
like) and the reference voltage (VREF1) is held by the elec-
trostatic capacitor 13. At the same time, combined capaci-
tance of the electrostatic capacitor 13 and the electrostatic
capacitor 23 allows stable supply of the reference voltage
(VREF1) to the gate of the driving transistor 14, thereby
starting reset. As a result, for one light emission of one pixel,
the signal line 16 is not occupied for the length of time
corresponding to two data writes. As a result, only one write
is necessary for each pixel in a row. This means that double
write speed is not necessary for completing write operations
on all of the rows in one frame period. In other words, it is not
necessary to reduce the wiring time constant of the signal line
16 and the scanning lines 17 and 18, and to increase the
thickness of the wiring film or insulating film for wiring. As a
result, it is possible to reduce process time, increase through-
put, and reduce cost.

[0164] Next, as described above, a description is given of
the mechanism in which sufficient reset periods stabilizes the
threshold voltage of the driving transistor 14 without being
influenced by the previous frame.

[0165] First, a description is given to the threshold voltage
of the driving transistor 14 which varies due to the charges
accumulated in the driving transistor 14 in the light-emitting
period of the previous frame. After that, a description is given
of the reset effects obtained by the image display device and
the method of controlling the image display device according
to Embodiment 1.

[0166] FIG. 5 is a characteristic diagram showing that a
threshold voltage varies due to the charges accumulated in a
driving transistor. FIG. 6 schematically shows the charges
accumulated in a driving transistor. F1G. 7 is a diagram show-
ing an example where a residual image occurs due to hyster-
esis characteristics of the driving transistors.

[0167] In FIG. 5, the vertical axis indicates the log value
(Id) of the current values and the horizontal axis indicates the
gate voltage values applied to the gate.

[0168] Here, a line A shown in FIG. 5 indicates initial
characteristics of a driving transistor. FIG. 6(b) schematically
shows the charges accumulated in the driving transistor hav-
ing the initial characteristics (line A). In the similar manner, a
line B indicates the characteristics of the driving transistor 14
in a case where the voltage stress (also referred to as Vgs
stress) applied between the gate and the source of the driving
transistor 14 is small. FIG. 6(b) schematically shows the
charges accumulated in the driving transistor 14 having the
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characteristics indicated by the line B. Furthermore, a line C
indicates the characteristics of the driving transistor 14 in a
case where Vgs stress is large. FIG. 6(c) schematically shows
the charges accumulated in the driving transistor 14 having
the characteristics indicated by the line C.

[0169] Asunderstood from FIG. 5 and FIG. 6, the larger the
Vgs stress applied to the driving transistor 14 is, the greater
the amount of the charges accumulated is. It is also under-
stood that the greater the amount of the charges accumulated
is (the larger the Vgs stress applied is), the greater the varia-
tion in the threshold of the driving transistor (Vth shift) is.
More specifically, this accumulation of charges causes hys-
teresis in the voltage-current characteristics of the driving
transistor.

[0170] Furthermore, it is known that it takes relatively long
to accumulate charges under the Vgs stress, and it also takes
relatively long to eliminate the accumulated charges. Thus,
insufficient reset periods in a panel results in a residual image,
as shown in FIG. 7, generated due to hysteresis characteristics
of the driving transistors. Furthermore, in a case where writ-
ing a luminance signal voltage and writing a signal voltage for
stopping light emission of a pixel are performed separately
for setting a reset period, it is necessary to reduce the wiring
time constant of the signal line 16 and the scanning lines 17
and 18.

[0171] On the other hand, according to the image display
device and the method of controlling the image display device
according to Embodiment 1, writing once allows writing both
of a signal voltage (VREF1) for stopping light emission of a
pixel and a luminance signal voltage (Vdata), eliminating the
need for significantly reducing the wiring time constant of the
signal line 16 and the scanning lines 17 and 18. Furthermore,
reset periods during which a reverse bias is applied can be
sufficiently provided; and thus, it is possible to eliminate
accumulation of charges and change the characteristics of the
driving transistor back to the initial characteristics. This is
schematically shown in FIG. 8. FIG. 8 schematically shows
the reset effects which eliminates the charges accumulated in
a driving transistor. FIG. 8 schematically shows the reset
effects, using the structure shown in FIG. 6.

[0172] As shown in (a) in FIG. 8, Vgs stress having the
relation of Vgs>0is applied to a driving transistor in an initial
state. Then, as shown in (b) in FIG. 8, charges are trapped at
a localized level of the gate insulating film of the driving
transistor, thereby accumulating charges. Here, the Vgs stress
having the relation of Vgs>0 refers to, for example, a state
where 0V is applied to the source, 5V is applied to the drain,
and 5V is applied to the gate.

[0173] Then, after the sufficient reset period according to
the control method, as shown in (¢) in FIG. 8, the charges
trapped at the localized level of the gate insulating film of the
driving transistor are discharged, resulting in the state same as
the initial state. Here, in the reset period, with respect to the
driving transistor, for example, 12V is applied to the source,
25V is applied to the drain, and 10V is applied to the gate,
meaning that Vgs stress having the relation of Vgs<0 is
applied. Accordingly, the charges trapped at the localized
level of the gate insulating film of the driving transistor are
discharged.

[0174] FIG. 9 is a diagram showing the reset effects on the
charges accumulated in the driving transistor shown in FIG. 6.
As shown in FIG. 9, with respect to the charges accumulated
in the driving transistor shown in FIG. 6, providing a suffi-
cient reset period allows the charges accumulated in the driv-
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ing transistor to be eliminated. Accordingly, it is possible to
change the characteristics of the driving transistor back to the
initial state.

[0175] Furthermore, in the above description, the driving
transistor has a channel-etch as an example; however, the
configuration of the driving transistor is not limited to the
example. As shown in FIG. 10, the driving transistor may
have an etching-stopper. FIG. 10 schematically shows a con-
figuration of a driving transistor having an etching stopper.
[0176] As described, according to the image display device
and the method of controlling the image display device
according to Embodiment 1, it is possible to reduce occur-
rence of a residual image due to hysteresis characteristics of
the driving transistors, with simple pixel circuits.

[0177] More specifically, control by the scanning line 17
sets a signal voltage to the electrode 132 of the electrostatic
capacitor 13 and also starts resetting of the driving transistor
14. As aresult, it is possible to provide sufficient reset periods
without significantly reducing the wiring time constant of the
signal line 16 and the scanning lines 17 and 18. Furthermore,
delaying the start of light emission of the organic EL element
15 by controlling the scanning line 18 allows longer reset
period of the driving transistor 14.

[0178] Asaresult,insuch asimple configuration where the
switching transistors 11 and 12 are controlled by the common
scanning line 17, a simple control allows setting the data
voltage to the electrode 132 of the electrostatic capacitor 13
and starting reset of the driving transistor 14, and another
simple control allows starting light emission of the organic
EL element 15 and ending reset of the driving transistor 14.
This reduces the influences (residual images) by the hyster-
esis characteristics.

[0179] Itis preferable that the reset period described above
is 20 percent or more of one frame period. The reset period is
the same period as the non-light-emitting period according to
the above control method. Here, the non-light-emitting
period is, for example, a period from time t1 to time t4, and
corresponds to a period from when the switching transistors
11 and 12 are made conducting while the switching transistor
19 is non-conducting to when the switching transistor 19 is
made conducting while the switching transistors 11 and 12
are non-conducting. Furthermore, one frame period is, for
example, a period from time t1 to time t6, and corresponds to
a period from when the switching transistors 11 and 12 are
made conducting while the switching transistor 19 is non-
conducting (time t1) to when the switching transistors 11 and
12 are made conducting while the switching transistor 19 is
non-conducting (time t6).

Embodiment 2

[0180] InEmbodiment 1, a description has been given of an
example of the control method without consideration of sig-
nal transmission delay which occurs when the scanning line
driving circuit 4 applies an on-voltage to the scanning line 17.
In Embodiment 2, a description is given of an example of the
control method with consideration of signal transmission
delay of the scanning line 17.

[0181] First, a description is given of the signal transmis-
sion delay ofthe scanning line 17, referring to FIG. 1 and FIG.
2.

[0182] The signal transmission delay of the scanning line
17 is defined by the wiring resistance of the scanning line 17,
and capacitance generated between the scanning line 17 and
one of the other control lines or power source lines, such as
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the signal line 16, the scanning line 18, the reference power
source line 20, the positive power source line 21 and the
negative power source line 22. More specifically, when the
output of the scanning line driving circuit 4 applied to the
scanning line 17 is changed from an on-voltage into an off-
voltage, the potential of the scanning line 17 at a point, which
is farthest from the output terminal of the scanning line driv-
ing circuit 4 and is mostly influenced by wiring delay, asymp-
totically approaches an off-voltage with a given time con-
stant.

[0183] Here, it is assumed that Vgth denotes the threshold
voltage at which the switching transistors 11 and 12 are
switched between ON (conducting) and OFF (non-conduct-
ing). It is defined that T21 denotes the time required for the
voltage, applied from the scanning line 17 to the switching
transistors 11 and 12 for changing the voltage level of the
scanning line 17 from LOW into HIGH at time t1 or time t6
shown in FIG. 3A, to become Vgth.

[0184] Furthermore, assume that T22 denotes the time
required for the voltage applied to the signal line 16 at time t1
or time t6 shown in FIG. 3A to become Vdata. It is also
assumed that T23 denotes the time required for the potential
of the signal line 16 and the potential of the light-emitting
pixel 10 (the potential of the electrode 132 of the electrostatic
capacitor 13) become equal, and T1H denotes one horizontal
period.

[0185] Here, at time t2 or time t7 shown in FIG. 3A, the
potential of the signal line 16 cannot be changed till the
potential of the scanning line 17 at a point farthest from the
output terminal of the scanning line driving circuit 4 becomes
lower than Vgth. Thus, an approximative relation of expres-
sion 1 below exists.

THZT21+T22+723

[0186] In Embodiment 2, in consideration with signal
transmission delay of the scanning line 17, at time t2 or time
7 shown in FIG. 3A, an image display device is controlled
using an overdrive method. Its description is given below.
[0187] FIG. 11 is an example of a chart showing operation
timings in a method of controlling an image display device
according to Embodiment 2. The elements similar to those in
FIG. 3A are assigned with the same referential numerals, and
their detailed descriptions are not given. Hereinafter, a High-
level voltage at a steady state of the scanning line 17 is
referred to as an on-voltage, and a Low-level voltage at a
steady state of the scanning line 17 is referred to as an off-
voltage.

[0188] As shown in FIG. 11, in Embodiment 2, when the
voltage level of the scanning line 17 is changed from HIGH
(on-voltage) into LOW (off-voltage, for example, voltage of
the scanning line 17 at time t4), overdrive is performed at time
2 or time t7 for changing the on-voltage into an overdrive
voltage that is lower than the off-voltage, and then changed
into the off-voltage.

[0189] In other words, when the switching transistors 11
and 12 are switched from ON (conducting) to OFF (non-
conducting) via the scanning line 17, the scanning line driv-
ing circuit 4 performs overdrive in which an overdrive voltage
that is lower than the off-voltage is applied to the scanning
line 17 and then an off-voltage is applied to the scanning line
17.

[0190] By performing overdrive in such a manner, the volt-
age of the scanning line 17 is changed from the on-voltage
into the overdrive voltage, and then is changed into an off-

(Expression 1)
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voltage. Thus, the length of T21 in this case can be reduced
compared to the case where the voltage of the scanning line
17 is changed from the on-voltage directly into the off-volt-
age. As a result, the minimum value of the T1H can be
smaller, allowing reducing the length of one frame period as
one frame period corresponds to T1Hx(vertical synchronous
frequency). More specifically, it is possible to increase frame
frequency of display, increase vertical synchronous ftre-
quency, and increase the number of display pixels.

[0191] By performing overdrive in the manner described
above, it is possible to increase the operation speed of the
scanning line 17. However, if the length of an OD period
during which an overdrive voltage is applied (a period from 2
to t2', ora period from t7 to t7' in FIG. 11) increases, the gate
electrode of the switching transistor 11 becomes the over-
drive voltage in the OD period. This reduces the off-charac-
teristics of the switching transistor 11, causing leak current.
In other words, the switching transistor 11 is not turned off
(not made non-conducting) completely. Hence, the data volt-
age (Vdata) from the signal line 16 is not accurately written
into the electrode 132 of the electrostatic capacitor 13. This
results in, for example, reduced display quality, such as
crosstalk.

[0192] InEmbodiment 2, as shown in FIG. 11, the length of
the OD period is less than or equal to the wiring time constant
of the scanning line 17. In other words, the OD period during
which the overdrive voltage is applied to the gate electrodes
of the switching transistors 11 and 12 is shorter than the
period during which the on-voltage is applied to the gates of
the switching transistors 11 and 12.

[0193] Accordingly, the waveform of the scanning line 17
(D in FIG. 11) does not reach the OD voltage. As a result, it is
possible to reduce the length of time during which the on-
voltage of the scanning line 17 is lower than Vgth, and also to
turn off the switching transistor 11 completely at a high speed.
[0194] More specifically, it is possible to change the volt-
age level of the switching transistors 11 and 12 back to the
off-voltage before the voltage reaches the level at which leak
current occurs at the gates of the switching transistors 11 and
12; and thus, it is possible to reduce the time T21 required for
the voltage levels of the switching transistors 11 and 12 to
change from the on-voltage into the threshold voltage Vgth,
without significantly reducing the wiring time constant of the
signal line 16 and the scanning lines 17 and 18.

Embodiment 3

[0195] In Embodiments 1 and 2, descriptions have been
given of examples of the method of controlling the image
display device. In Embodiment 3, a description is given of a
case where occurrence of a residual image due to hysteresis
characteristics of driving transistors is reduced by an appro-
priate wiring layout of the image display device in addition to
Embodiments 1 and 2.

[0196] First, a description is given of problems caused in a
case where a wiring layout is not properly provided, and then,
a description is given of a wiring layout of the image display
device according to Embodiment 3.

[0197] Forexample, animportant function of the switching
transistor 12 is to stably hold the gate voltage (VREF1) ofthe
driving transistor 14 together with the electrostatic capacitor
13 without causing leak current in a reset period. Here, as
described above, the reset period corresponds to a period
from when the voltage level of the scanning line 17 is changed
from HIGH (on-voltage) into LOW (off-voltage) (for
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example, time t2 shown in FIG. 3A) to when the voltage level
of the scanning line 18 is changed from LOW into HIGH (for
example, time t4 shown in FIG. 3A).

[0198] Furthermore, important functions of the switching
transistor 11 are to stably hold the data voltage (Vdata) held
by the electrostatic capacitor 13 with the electrostatic capaci-
tor 23 without causing leak current, and to stably hold the data
voltage (Vdata) held by the electrostatic capacitor 13 with the
electrostatic capacitor 23 in a reset period.

[0199] However, the scanning line 17 is a control line fed
from outside the display unit 6, and thus, is likely to pick up
electrical noise from outside. Hence, if the potential of the
scanning line 17 varies due to electrical noise during a write
period from the end of the previous light emission period (for
example, time t0 in FIG. 3A) to the start of the current light
emission period (for example, time t4 in FIG. 3A), functions
of the switching transistors 11 and 12 are prevented. More
specifically, if the potential of the scanning line 17 varies due
to electrical noise, and the variation affects the light-emitting
pixel 10, the voltage value held by the electrostatic capacitor
13 or the voltage value held by the electrostatic capacitor 23
may also vary.

[0200] In particular, in the period from time t2 to time t4
shown in FIG. 3A, the electrostatic capacitor 13 or the elec-
trostatic capacitor 23 is likely to be unstable, and is affected
by the variation in the potential of the scanning line 17.
Depending on the amount of variation, the switching transis-
tors 11 and 12 are unintentionally turned on or off, resulting in
reducing display quality such as causing crosstalk. Here, as
described above, the period from time t2 to time t4 shown in
FIG. 3A is a period during which control is performed such
that the switching transistors 11 and 12 are off (non-conduct-
ing) via the scanning line 17, and the switching transistor 19
is off (non-conducting) via the scanning line 18.

[0201] Thus, in Embodiment 3, as shown in FIG. 12A, the
scanning line 17 is provided outside a pixel region F of the
light-emitting pixel 10 shown in FIG. 12C. FIG. 12A is a
diagram showing a wiring layout of light-emitting pixels 10
according to Embodiment 3. FIG. 12B and FIG. 12D to FIG.
12H each schematically shows an example of a cross-section
of the region F in the wiring layout shown in FIG. 12A. FIG.
12C is a diagram of a circuit configuration of the wiring
layout shown in FIG. 12A. FIG. 12C is the same as the circuit
diagram shown in FIG. 2 except F1G. 12C indicates the pixel
region F of the light-emitting pixel 10. In FIG. 12A to FIG.
12C, the elements similar to those in FIG. 2 are identified with
the same referential numerals, and their detailed descriptions
are not given.

[0202] As shown in FIG. 124, in the light-emitting pixel
10, the switching transistor 11, the switching transistor 12, the
electrostatic capacitor 13, the driving transistor 14, the
switching transistor 19, and the electrostatic capacitor 23 are
arranged (provided) in the pixel region F.

[0203] The reference power source line 20 is provided out-
side the pixel region F.

[0204] The scanning line 17 is provided outside the pixel
region F. Accordingly, even if the potential of the scanning
line 17 varies due to electrical noise or the like, it is possible
to reduce influences of the variation on the pixel region F
(crosstalk). As a result, it is possible to prevent the voltage
held by the electrostatic capacitor 13 from varying.
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[0205] Furthermore, as shown in FIG. 12A, the scanning
line 17 is provided on a contact region for electrically con-
necting the reference power source line 20 and the switching
transistor 12.

[0206] As shown in FIG. 12A, the scanning line 18 is fed
into (laid out in) the pixel region F, and provided on or above
anode Ns and a node Na. Here, the node Ns is for electrically
connecting the source of the driving transistor 14 and the
organic EL element 15. Furthermore, the node Na is for
electrically connecting the switching transistor 11 and the
switching transistor 19.

[0207] Asshownin FIG. 12B, the electrostatic capacitor 13
and the electrostatic capacitor 23 are formed so as to be
overlapped in different layers, in the vertical direction relative
to the wiring layout of the light-emitting pixel 10. The elec-
trode 132 of the electrostatic capacitor 13 and the electrode
231 of the electrostatic capacitor 23 are commonly used.
Furthermore, a planarizing film 1330 is further formed above
the second insulating film 1320 on the electrostatic capacitor
13 and the electrostatic capacitor 23. A gate insulating film
1310 is formed between the electrode 132 and the electrode
131 of the electrostatic capacitor 13. The second insulating
film 1320 is formed between the electrode 232 and the elec-
trode 231 of the electrostatic capacitor 23.

[0208] The electrode 232 of the electrostatic capacitor 23
servers a part of the positive power source line 21.

[0209] Inother words, the electrode 232 of the electrostatic
capacitor 23, the node Nf where the switching transistor 11
and the switching transistor 19 are connected, and the node
Ng which extends the gate of the driving transistor 14 are
overlapped in this order in the vertical direction relative to the
wiring layout surface. Here, the node Nf'is a part of the node
Na, and corresponds to the electrode layer which serves as the
electrode 132 of the electrostatic capacitor 13 and also as the
electrode 231 of the electrostatic capacitor 23. Similarly, the
node Ng corresponds to the electrode layer which serves as
the electrode 131 of the electrostatic capacitor 13 and also as
the gate of the driving transistor 14. Furthermore, the elec-
trode 232 of the electrostatic capacitor 23 also serves as a part
of the positive power source line 21. By overlapping the
electrostatic capacitor 13 and the electrostatic capacitor 23 in
the vertical direction relative to the wiring layout surface in
such a manner, it is possible to reduce the element placement
region.

[0210] Furthermore, as shown in FIG. 12B, the width w1 of
the electrode 131 of the electrostatic capacitor 13 is smaller
than the width w2 of the electrode 231 of the electrostatic
capacitor 23.

[0211] Inother words, in the region where the electrode 232
of the electrostatic capacitor 23, the node Nf where the
switching transistors 11 and 19 are connected, and the node
Ng which extends the gate of the driving transistor 14 are
overlapped in this order, the width of the node Ng is smaller
than the width of the node Nf.

[0212] According to such a structure, the positive power
source line 21 and the node Ng are overlapped in the vertical
direction relative to the wiring layout surface, the capacitance
between the positive power source line 21 and the node Nf
corresponds to the capacitance of the electrostatic capacitor
23, the capacitance between the node Nf and the node Ng
corresponds to the electrostatic capacitor 13. Accordingly, the
node Ng connected to the gate electrode which controls the
driving transistor 14 can be protected from electrostatic noise,
leading to stabilization.
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[0213] With such a wiring layout, it is possible to reduce
occurrence of parasitic capacitance at unnecessary locations.
[0214] The example of the cross-section of the region F of
the wiring layout shown in FIG. 12A is not limited to FIG.
12B. It may be as in FIG. 12C to FIG. 12H.

[0215] For example, as shown in FIG. 12D, it may be that
the wiring layer, which is immediately above the second
insulating film 1320 and which is included in the electrostatic
capacitor 23, is thicker than the electrode 131 or the electrode
132 of the electrostatic capacitor 13. More specifically, the
positive power source line 21 and the scanning line which are
formed in the wiring layer immediately above the second
insulating film 1320 may be thicker than the electrode 131 or
the electrode 132 of the electrostatic capacitor 13.

[0216] Accordingly, it is possible to reduce wiring resis-
tance of the positive power source line 21 or the scanning line;
and thus, it is possible to further stabilize display quality by
reducing voltage drop of the positive power source line 21,
supplying stable power source to the driving transistor 14, or
reducing wiring time constant of the scanning line.

[0217] Furthermore, for example, as shown in FIG. 12E, it
may be that the wiring layer immediately above the second
insulating film 1320 includes at least two layers, and at least
one of the layers forms the electrode 232 of the electrostatic
capacitor 23. More specifically, as to the positive power
source line 21 which serves as the electrode 232 of the elec-
trostatic capacitor 23 and also serves as a part of the electrode
232 of the electrostatic capacitor 23, the positive power
source line 21 (the electrode 232 of the electrostatic capacitor
23) may have a double layer structure including a lower layer
21a and an upper layer 215.

[0218] Here, for example, the lower layer 21a may com-
prise indium tin oxide (ITO), and the upper layer 215 may
comprise aluminum (Al), copper (Cu) or alloy including Al
and Cu.

[0219] Accordingly, in the similar manner as above, the
wiring resistance of the first power source line and the scan-
ning line can be reduced.

[0220] Furthermore, as shown in FIG. 12F, it may be that
the wiring layer immediately above the second insulating film
1320 includes a plurality of layers, and the uppermost layer is
thickest and the layers excluding the uppermost layer forms
the electrode 232 of the electrostatic capacitor 23. More spe-
cifically, the wiring layer immediately above the second insu-
lating film 1320 includes a plurality of layers, the uppermost
layer of the wiring layer is thickest, and the uppermost layer
is not formed in the region of the electrostatic capacitor 23. In
other words, the upper layer 21¢ may be formed only on a part
of the lower layer 21a. According to such a structure, the
lower layer 214 serves as the electrode 232 of the electrostatic
capacitor 23, thereby fulfilling the function of the electro-
static capacitor 23.

[0221] With this, the positive power source line 21 and the
scanning line are formed including the uppermost layer of the
wiring layer immediately above the second insulating film
1320. As aresult, it is possible to reduce wiring resistance and
also to reduce the thickness of the electrode 232 of the elec-
trostatic capacitor 23. In addition, it is possible to thin the
region where the electrostatic capacitor 13 and the electro-
static capacitor 23 are overlapped, thereby reducing the dif-
ference in height between the region where the electrostatic
capacitor 13 and the electrostatic capacitor 23 are overlapped
and the region where no wiring pattern exists. Accordingly, it
is possible to reduce wiring resistance of the positive power
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source line 21 and the scanning line 17, and also to improve
flatness of the planarizing film 1320 placed above the pixel
region F.

[0222] Furthermore, for example, as shown in FIG. 12G, it
may be that the wiring layer immediately above the second
insulating film 1320 includes a plurality of layers, the lower-
most layer is thickest, and the layers excluding the lowermost
layer forms the electrode 232 of the electrostatic capacitor 23.
[0223] More specifically, the wiring layer immediately
above the second insulating film 1320 includes a plurality of
layers, the lowermost layer of the positive power source line
21 or the scanning line is thickest, and the lowermost layer of
the positive power source line 21 is not formed in the region
of the electrostatic capacitor 23.

[0224] According to this structure, it is possible to reduce
wiring resistance of the positive power source line 21 and the
scanning line 17, reduce the thickness of the second electrode
ofthe second capacitor, and reduce the thickness of the region
where the electrostatic capacitor 13 and the electrostatic
capacitor 23 are overlapped, thereby reducing the difference
in height between the region where the electrostatic capacitor
13 and the electrostatic capacitor 23 are overlapped and the
region where no wiring pattern exists. Accordingly, it is pos-
sible to reduce wiring resistance of the positive power source
line 21, and also to improve flatness of the planarizing film
1320 placed above the pixel region F.

[0225] Note that the upperlayer 21¢cand thelower layer 21a
in FIG. 12F may comprise the same material, and the upper
layer 214 and the lower layer 21e in FIG. 12G may comprise
the same material.

[0226] Inthe similar manner, the configuration in which the
thickness of the electrode in the region where the electrostatic
capacitor 13 and the electrostatic capacitor 23 are overlapped
is reduced, may be suitably adopted or combined to the elec-
trode 231 (132) of the electrostatic capacitor 23 or the elec-
trode 131 of the electrostatic capacitor 13. Accordingly, it is
possible to reduce the thickness of the region where the elec-
trostatic capacitor 13 and the electrostatic capacitor 23 are
overlapped. FIG. 12H shows a specific example. FIG. 12H
shows an example where the thickness of the electrode 132 of
the electrostatic capacitor 13 and the electrode 231 of the
electrostatic capacitor 23 are reduced in the region where the
electrostatic capacitor 13 and the electrostatic capacitor 23
are overlapped. Of course, the pattern of the suitably adopted
combination is not limited to the specific example. It is need-
less to say that various combinations are possible, such as the
thickness of the electrode 131 of the electrostatic capacitor 13
is reduced.

[0227] Any of such configuration allows further reduction
of the difference in height with the region where no wiring
pattern exists.

[0228] As described, by appropriately providing the wiring
layout of the image display device in addition to Embodi-
ments 1 and 2, it is possible not only to reduce occurrence of
aresidue image due to hysteresis characteristics ofthe driving
transistor, but also to stably hold the gate voltage of the
driving transistor 14 and the voltage held by the electrostatic
capacitor 13 and the electrostatic capacitor 23.

[0229] One or more exemplary embodiments or features
disclosed herein provide an image display device which
reduces occurrence of residual images due to hysteresis char-
acteristics of driving transistors, with simple pixel circuits.
[0230] Inthe above embodiments, the driving transistor 14
is an n-type transistor, and the cathode of the organic EL
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element 15 is connected to the common power source line.
However, the same advantageous effects as in each embodi-
ment can be obtained by an image display device in which the
driving transistor 14 is a p-type transistor, and the anode of the
organic EL element 15 is connected to the common power
source line.

[0231] Furthermore, in Embodiment 3, as shown in FIG.
12A, the scanning line 17 is provided outside the pixel region
F of the light-emitting pixel 10 shown in FIG. 12G; however,
the layout is not limited to this example. As shown in FIG. 13,
the scanning line 18 instead of the scanning line 17 may be
provided outside the pixel region F of the light-emitting pixel
10.

[0232] Inaddition,adisplay device according to the present
disclosure is embedded, for example, in a thin flat TV as
shown in FIG. 14. Embedding an image display device
according to the present disclosure makes it possible to
achieve a thin flat TV capable of achieving accurate image
display reflecting a video signal.

[0233] The herein disclosed subject matter is to be consid-
ered descriptive and illustrative only, and the appended
Claims are of a scope intended to cover and encompass not
only the particular embodiment(s) disclosed, but also equiva-
lent structures, methods, and/or uses.

INDUSTRIAL APPLICABILITY

[0234] An image display device according to one or more
exemplary embodiments disclosed herein is useful, in par-
ticular, for an active organic EL flat panel display in which
luminance is changed by controlling light emission intensity
of pixels using pixel signal current.

1. An image display device comprising:

a light-emitting element;

a first capacitor which holds a voltage;

a driving transistor having a gate electrode connected to a
first electrode of the first capacitor, and a source elec-
trode connected to a first electrode of the light-emitting
element, the driving transistor causing the light-emitting
element to emit light by applying, to the light-emitting
element, a drain current corresponding to the voltage
held by the first capacitor;

a second capacitor having a first electrode connected to a
second electrode of the first capacitor;

a first power source line connected to a drain electrode of
the driving transistor, for determining a potential of the
drain electrode of the driving transistor;

asecond power source line connected to a second electrode
of thelight-emitting element, for determining a potential
of the second electrode of the light-emitting element;

athird power source line connected to the first electrode of
the first capacitor, for supplying a first reference voltage
defining a voltage value of the first electrode of the first
capacitor;

a fourth power source line connected to a second electrode
of the second capacitor, for supplying a second reference
voltage defining a voltage value of the second electrode
of the second capacitor;

a data line for supplying a signal voltage to the second
electrode of the first capacitor;

a first switching element provided between the first elec-
trode of the first capacitor and the third power source
line, the first switching element setting the first reference
voltage to the first electrode of the first capacitor;
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a second switching element having two terminals one of
which is electrically connected to the data line and the
other of which is electrically connected to the second
electrode of the first capacitor, the second switching
element switching between a conducting state and a
non-conducting state between the data line and the sec-
ond electrode of the first capacitor;

a third switching element provided between the first elec-
trode of the light-emitting element and the second elec-
trode of the first capacitor, the third switching element
switching between a conducting state and a non-con-
ducting state between the first electrode of the light-
emitting element and the second electrode of the first
capacitor;

adriving circuit which controls the first switching element,
the second switching element, and the third switching
element;

a first scanning line connected to the first switching ele-
ment, the second switching element, and the driving
circuit; and

a second scanning line connected to the third switching
element and the driving circuit,

wherein, at a start of a reset period in a non-light-emitting
period during which the third switching element is non-
conducting, the driving circuit starts (i) setting a data
voltage from the data line to the second electrode of the
first capacitor, (ii) setting the first reference voltage from
the third power source line to the first electrode of the
first capacitor and the gate electrode of the driving tran-
sistor, and (iii) setting a fixed voltage corresponding to a
potential of the second power source line to the source
electrode of the driving transistor, the start of the reset
period being a time at which the first switching element
and the second switching element are made conducting
by applying an on-voltage to the first scanning line;

in the non-light-emitting period after making the first
switching element and the second switching element
non-conducting by applying an off-voltage to the first
scanning line, the fixed voltage corresponding to the
potential of the second power source line is set to the
source electrode of the driving transistor; and

in a light-emitting period, the driving circuit causes the
light-emitting element to emit light, by applyinga poten-
tial difference between the first electrode and the second
electrode of the first capacitor, between the gate elec-
trode and the source electrode of the driving transistor to
cause a current to flow between the drain electrode and
the source electrode of the driving transistor according
to a potential difference between the gate electrode and
the source electrode of the driving transistor, the light-
emitting period being a period during which the first
switching element and the second switching element are
non-conducting and the third switching element is con-
ducting made via the second scanning line.

2. The image display device according to claim 1,

wherein, in the non-light-emitting period, a reverse bias is
applied to the driving transistor by applying the fixed
voltage corresponding to the potential of the second
power source line and the first reference voltage.

3. The image display device according to claim 1,

wherein a potential difference between the second power
source line and the first electrode of the first capacitor to
which the first reference voltage is set is less than or
equal to a sum of an absolute value of a threshold voltage
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of the driving transistor and a threshold voltage for light
emission of the light-emitting element.

4. The image display device according to claim 1,

wherein the fixed voltage corresponding to the first refer-
ence voltage is a potential determined based on electri-
cal characteristics of the driving transistor, electric char-
acteristics of the light-emitting element, and the first
reference voltage.

5. The image display device according to claim 1,

wherein, when changing the first switching element and the
second switching element from conducting into non-
conducting via the first scanning line, the driving circuit
applies an overdrive voltage that is a voltage lower than
the off-voltage to the gate electrode of the first switching
element and the gate electrode of the second switching
element. and then applies the off-voltage to the gate
electrode of the first switching element and the gate
electrode of the second switching element.

6. The image display device according to claim 5,

wherein a length of a period during which the overdrive
voltage is applied to the gate electrode of the first switch-
ing element and the gate electrode of the second switch-
ing element is shorter than a length of a period during
which the on-voltage is applied to the gate electrode of
the first switching element and the gate electrode of the
second switching element.

7. The image display device according to claim 1,

wherein the non-light-emitting period is 25 percent or
more of a single frame period that is a period from when
the first switching element and the second switching
element are made conducting to when the first switching
element and the second switching element are made
conducting in a subsequent non-luminescence period.

8. The image display device according to claim 7,

wherein the driving transistor includes a semiconductor
layer which includes a crystalline silicon layer obtained
by laser annealing an amorphous silicon film for crys-
tallization.

9. The image display device according to claim 1,

wherein the first scanning line is provided outside a single
pixel region which includes the first capacitor, the driv-
ing transistor, the second capacitor, the first switching
element, the second switching element, and the third
switching element.

10. The image display device according to claim 1,

wherein the second scanning line is provided outside a
single pixel region which includes the first capacitor, the
driving transistor, the second capacitor, the first switch-
ing element, the second switching element, and the third
switching element.

11. The image display device according to claim 9,

wherein the second scanning line passes within the single
pixel region.

12. The image display device according to claim 9,

wherein the third power source line is provided outside the
single pixel region, and

the first scanning line is provided on a contact region which
is for electrically connecting the third power source line
and the driving transistor.
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13. The image display device according to claim 12,

wherein the second scanning line is provided on a node
where the source electrode of the driving transistor and
the luminescence element are connected and a node
where the second switching element and the third
switching element are connected.

14. The image display device according to claim 9,

wherein the second electrode of the second capacitor, a first
node, and a second node are overlapped in this order in
avertical direction relative to the first power source line,
the first node extending a source electrode of the second
switching element and a source electrode of the third
switching element, and the second node extending the
gate electrode of the driving transistor.

15. The image display device according to claim 14,

wherein, in a region where the second electrode of the
second capacitor, the first node, and the second node are
overlapped in this order in the vertical direction, the
second node has a width smaller than a width of the first
node.

16. The image display device according to claim 15,

wherein the first capacitor includes the second node, a first
insulating film, and the first node, and

the second capacitor includes the second electrode, a sec-
ond insulating film, and the first node.

17. The image display device according to claim 9,

wherein the second electrode of the second capacitor is
included ina part of one of the first power source line, the
second power source line and the third power source
line.

18. The image display device according to claim 16,

wherein a wiring layer immediately above the second insu-
lating film is thicker than the first electrode or the second
electrode of the first capacitor.

19. The image display device according to claim 16,

wherein a wiring layer immediately above the second insu-
lating film includes at least two layers, and

at least one of the at least two layers forms the second
electrode of the second capacitor.

20. The image display device according to claim 16,

wherein a wiring layer immediately above the second insu-
lating film includes a plurality of layers,

an uppermost layer of the wiring layer is thickest among
the plurality of layers, and

the plurality of layers excluding the uppermost layer form
the second electrode of the second capacitor.

21. The image display device according to claim 16,

wherein a wiring layer immediately above the second insu-
lating film includes a plurality of layers,

alowermost layer of the wiring layer is thickest among the
plurality of layers, and

the plurality of layers excluding the lowermost layer form
the second electrode of the second capacitor.

22. The image display device according to claim 9,

wherein the second electrode of the second capacitor is
connected to one of the first power source line, the sec-
ond power source line, the third power source line, the
source of the driving transistor, and the second scanning
line.
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