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ORGANIC EL DISPLAY DEVICE AND
DRIVING METHOD

TECHNICAL FIELD

[0001] The present invention relates to an organic EL
display device and a driving method, and particularly relates
to a method of driving an organic EL display device that uses
current-driven organic EL light emitting elements and the
organic EL display device.

BACKGROUND ART

[0002] In an organic EL panel used in an organic EL
display device, a larger current flows into the organic EL
panel when screen luminance is higher. The flow of a larger
current into the organic EL panel causes the organic EL
panel to generate heat, which leads to shorter life of organic
EL elements (light emitting elements). Overload control is
therefore necessary. Moreover, since a heat dissipation
mechanism is needed to cool the panel, a thinner panel
cannot be realized.

[0003] For example, Patent Literature (PTL) 1 discloses a
method of directly detecting power consumption from pixel
data before actually displaying an image.

CITATION LIST

Patent Literature

[0004] [PTL 1]
[0005] Japanese Unexamined Patent Application Publica-
tion No. 2007-156045

SUMMARY OF INVENTION

Technical Problem

[0006] With the method disclosed in PTL 1, however, it is
necessary to increase or decrease the gray level of input
image data before actually displaying the image, or control
the drive current in the image being displayed. In the case of
increasing or decreasing the gray level of input image data
before actually displaying the image, the operation is com-
plex, and it takes time to display the image. In the case of
controlling the drive current in the image being displayed,
the luminance of the image being displayed changes, with
which the viewer may feel uncomfortable.

[0007] The present invention has been made in view of the
aforementioned problems, and has an object of providing an
organic EL display device and a method of driving the
organic EL display device that can prevent a decrease in life
of light emitting elements.

Solution to Problem

[0008] To achieve the object stated above, an organic EL
display device according to an aspect of the present inven-
tion includes: a plurality of display pixels arranged in a
matrix; and an adjustment unit that adjusts a predetermined
voltage applied to a power line connected to the plurality of
display pixels, wherein each of the plurality of display pixels
includes: a light emitting element; a first capacitance ele-
ment that holds a first voltage used to cause the light
emitting element to emit light; a drive transistor that causes
the light emitting element to emit light, by supplying a
current corresponding to the first voltage held in the first
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capacitance element to the light emitting element; and a
second capacitance element that holds a second voltage
different from the first voltage held in the first capacitance
element, the second voltage being a next voltage to be held
in the first capacitance element, the power line is connected
to a drain electrode of the drive transistor or a cathode of the
light emitting element, and the adjustment unit adjusts the
voltage applied to the power line to be lower than the
predetermined voltage, when a total sum of current of the
plurality of display pixels in the case where a current
corresponding to the second voltage is supplied to the light
emitting element in each of the plurality of display pixels is
greater than or equal to a threshold.

Advantageous Effects of Invention

[0009] The organic EL display device, etc. according to
the present invention can prevent a decrease in life of light
emitting elements.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1is a block diagram illustrating an example of
the structure of an organic EL display device according to
Embodiment 1.

[0011] FIG. 2 is a diagram illustrating an example of the
structure of an organic EL panel according to Embodiment
L.

[0012] FIG. 3 is a diagram illustrating an example of the
circuit structure of a display pixel according to Embodiment
L.

[0013] FIG. 4 is a diagram illustrating an example of the
structure of an adjustment unit according to Embodiment 1.
[0014] FIG. 5 is a diagram illustrating an example of the
voltage adjustment method of the adjustment unit according
to Embodiment 1.

[0015] FIG. 6 is a diagram illustrating the response time of
the adjustment unit upon a voltage change according to
Embodiment 1.

[0016] FIG. 7 is a diagram illustrating the relationship
between the adjustment unit and the pixel circuit according
to Embodiment 1.

[0017] FIG. 8 is a diagram illustrating the relationship
between the pixel circuits and the power lines according to
Embodiment 1.

[0018] FIG. 9Ais a diagram illustrating an example of the
operation of the pixel circuit illustrated in FIG. 3.

[0019] FIG. 9B is a diagram illustrating an example of the
operation of the pixel circuit illustrated in FIG. 3.

[0020] FIG. 9C is a diagram illustrating an example of the
operation of the pixel circuit illustrated in FIG. 3.

[0021] FIG. 9D is a diagram illustrating an example of the
operation of the pixel circuit illustrated in FIG. 3.

[0022] FIG. 9E is a diagram illustrating an example of the
operation of the pixel circuit illustrated in FIG. 3.

[0023] FIG. 10 is a diagram illustrating an example of the
circuit structure of a display pixel according to Embodiment
2.

[0024] FIG. 11 is a diagram illustrating the relationship
between the adjustment unit and the pixel circuit according
to Embodiment 2.

[0025] FIG. 12A is a diagram illustrating an example of
the operation of the pixel circuit illustrated in FIG. 10.
[0026] FIG. 12B is a diagram illustrating an example of
the operation of the pixel circuit illustrated in FIG. 10.
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[0027] FIG. 12C is a diagram illustrating an example of
the operation of the pixel circuit illustrated in FIG. 10.
[0028] FIG. 12D is a diagram illustrating an example of
the operation of the pixel circuit illustrated in FIG. 10.
[0029] FIG. 12E is a diagram illustrating an example of
the operation of the pixel circuit illustrated in FIG. 10.
[0030] FIG.12F is a diagram illustrating an example of the
operation of the pixel circuit illustrated in FIG. 10.

[0031] FIG. 12G is a diagram illustrating an example of
the operation of the pixel circuit illustrated in FIG. 10.
[0032] FIG. 12H is a diagram illustrating an example of
the operation of the pixel circuit illustrated in FIG. 10.
[0033] FIG. 13 is a diagram conceptually illustrating the
case where one frame is composed of a plurality of subfields
according to Variation 1.

[0034] FIG. 14 is a diagram illustrating an example of a
frame composed of a plurality of subfields according to
Variation 1.

[0035] FIG. 15 is a diagram illustrating an example of a
frame composed of a plurality of subfields according to
Variation 2.

[0036] FIG. 16 is an appearance view of a thin flat
television including an organic EL display device according
to the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0037] One aspect of an organic EL display device accord-
ing to the present invention includes: a plurality of display
pixels arranged in a matrix; and an adjustment unit that
adjusts a predetermined voltage applied to a power line
connected to the plurality of display pixels, wherein each of
the plurality of display pixels includes: a light emitting
element; a first capacitance element that holds a first voltage
used to cause the light emitting element to emit light; a drive
transistor that causes the light emitting element to emit light,
by supplying a current corresponding to the first voltage held
in the first capacitance element to the light emitting element;
and a second capacitance element that holds a second
voltage different from the first voltage held in the first
capacitance element, the second voltage being a next voltage
to be held in the first capacitance element, the power line is
connected to a drain electrode of the drive transistor or a
cathode of the light emitting element, and the adjustment
unit adjusts the voltage applied to the power line to be lower
than the predetermined voltage, when a total sum of current
of the plurality of display pixels in the case where a current
corresponding to the second voltage is supplied to the light
emitting element in each of the plurality of display pixels is
greater than or equal to a threshold.

[0038] With this structure, a decrease in life of light
emitting elements can be prevented. In detail, the organic EL
display device includes the adjustment unit, and is capable
of writing a data signal voltage and displaying video inde-
pendently of each other. This enables overload control so
that the panel power due to the current flowing into the
organic EL panel is less than a predetermined level, without
lowering video quality. A decrease in life of the organic EL
elements 68 can thus be prevented.

[0039] For example, the organic EL display device may
further include a control unit that controls each of the
plurality of display pixels, wherein the control unit, in each
of the plurality of display pixels: causes the second capaci-
tance element to hold the second voltage, in a first period in
a light emission period during which the light emitting
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element emits light; and copies the second voltage held in
the second capacitance element to the first capacitance
element to cause the first capacitance element to hold the
second voltage as the first voltage, in a second period
following an initialization period in a non-light emission
period after the light emission period, the initialization
period being a period during which the first capacitance
element is initialized, and the adjustment unit adjusts the
voltage applied to the power line to be lower than the
predetermined voltage in the non-light emission period,
when the total sum of current of the plurality of display
pixels corresponding to the second voltage is greater than or
equal to the threshold.

[0040] For example, the organic EL display device may
display video by dividing one frame period of a video signal
into a plurality of subframe periods, wherein a period
between a light emission period during which the light
emitting element emits light and a next light emitting period
during which the light emitting element emits light corre-
sponds to any of the plurality of subframe periods.

[0041] For example, the adjustment unit may adjust the
voltage applied to the power line to be lower than the
predetermined voltage by linearly changing the voltage for
a predetermined time, when the total sum of current of the
plurality of display pixels corresponding to the second
voltage in the case where the current corresponding to the
second voltage is supplied to the light emitting element in
each of the plurality of display pixels is greater than or equal
to the threshold.

[0042] For example, in the case where the drive transistor
is p-type, the drive transistor may have the drain electrode
connected to a first electrode of the first capacitance element,
a gate electrode connected to a second electrode of the first
capacitance element, and a source electrode connected to an
anode of the light emitting element, and the power line may
be connected to the cathode of the light emitting element.
[0043] Forexample, each of the plurality of display pixels
may further include: a first switch that switches between
conduction and nonconduction between a signal line for
supplying a data signal voltage and a first electrode of the
second capacitance element; a second switch that switches
between conduction and nonconduction between the first
electrode of the second capacitance element and the second
electrode of the first capacitance element; a third switch that
switches between conduction and nonconduction between a
reference power line for supplying a reference voltage and
the second electrode of the first capacitance element; and a
fourth switch that switches between conduction and non-
conduction between the source electrode of the drive tran-
sistor and the anode of the light emitting element, the
reference power line may be connected to a second electrode
of the second capacitance element, and the first switch, the
second switch, the third switch, and the fourth switch may
each be a p-type transistor.

[0044] For example, in the case where the drive transistor
is n-type, the power line may be connected to the drain
electrode of the drive transistor, and the drive transistor may
have a source electrode connected to a first electrode of the
first capacitance element and an anode of the light emitting
element, and a gate electrode connected to a second elec-
trode of the first capacitance element.

[0045] For example, each of the plurality of display pixels
may further include: a first switch that switches between
conduction and nonconduction between a signal line for
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supplying a data signal voltage and a first electrode of the
second capacitance element; a second switch that switches
between conduction and nonconduction between the first
electrode of the second capacitance element and the second
electrode of the first capacitance element; a third switch that
switches between conduction and nonconduction between a
reference power line for supplying a reference voltage and
the second electrode of the first capacitance element; and a
fourth switch that switches between conduction and non-
conduction between the drain electrode of the drive transis-
tor and the power line, the reference power line may be
connected to a second electrode of the second capacitance
element, and the first switch, the second switch, the third
switch, and the fourth switch may each be an n-type tran-
sistor.

[0046] One aspect of a driving method according to the
present invention is a method of driving an organic EL
display device including: a plurality of display pixels
arranged in a matrix; and a power line that is connected to
the plurality of display elements and to which a predeter-
mined voltage is applied, each of the plurality of display
pixels including: a light emitting element; a first capacitance
element that holds a first voltage used to cause the light
emitting element to emit light; a drive transistor that causes
the light emitting element to emit light, by supplying a
current corresponding to the first voltage held in the first
capacitance element to the light emitting element; and a
second capacitance element that holds a second voltage
different from the first voltage held in the first capacitance
element, the second voltage being a next voltage to be held
in the first capacitance element, the power line being con-
nected to a drain electrode of the drive transistor or a cathode
of the light emitting element, and the method including:
adjusting the voltage applied to the power line to be lower
than the predetermined voltage, when a total sum of current
of the plurality of display pixels in the case where a current
corresponding to the second voltage is supplied to the light
emitting element in each of the plurality of display pixels is
greater than or equal to a threshold; and causing the drive
transistor to supply the current corresponding to the second
voltage held in the first capacitance element to the light
emitting element.

[0047] An organic EL display device and a method of
driving the organic EL display device according to one
aspect of the present invention are described in detail below,
with reference to drawings.

[0048] Each of the embodiments described below shows a
specific example of the present invention. 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
embodiments are mere examples, and do not limit the scope
of the present invention. Of the structural elements in the
embodiments described below, the structural elements not
recited in any one of the independent claims representing the
broadest concepts are described as optional structural ele-
ments. Note that each drawing is a schematic and does not
necessarily provide precise depiction.

Embodiment 1

[0049] This embodiment describes the case of using
organic EL elements as light emitting elements of an organic
EL display device according to one aspect of the present
disclosure.
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1-1. Structure of Organic EL Display Device

[0050] FIG. 1is a block diagram illustrating an example of
the structure of an organic EL display device according to
Embodiment 1.

[0051] An organic EL display device 1 illustrated in FIG.
1 includes a display panel control circuit 2, a gate driver IC
(circuit) 3, a source driver IC (circuit) 5, an organic EL
display panel 6, and an adjustment unit 7.

[0052] The organic EL display panel 6 at least includes N
(e.g. N=1080) gate signal lines and N lighting control lines
arranged in parallel with each other, and M source signal
lines orthogonal to the N gate signal lines and N lighting
control lines (not illustrated). The organic EL display panel
6 also includes pixel circuits each including thin-film tran-
sistors and an organic EL element, at the respective inter-
sections of the source signal lines and gate signal lines (not
illustrated).

[0053] In the organic EL display panel 6 according to this
embodiment, EL elements of three primary colors ofred (R),
green (G), and blue (B) are arranged in a matrix,

[0054] Color filters of red (R), green (G), and blue (B) can
be formed in correspondence with the pixel positions. The
color filters are not limited to RGB, and pixels of cyan (C),
magenta (M), and yellow (Y) may be formed. Pixels of
white (W) may be formed, too. In this case, pixels of R, G,
B, and W are arranged in a matrix on the display screen.
[0055] The pixel aperture ratio of each of R, G, and B may
be different. When the aperture ratio is different, the density
of current flowing through the light emitting element (the
organic EL element 68) of each of R, G, and B is different.
Such different current density allows the light emitting
element of each of R, G, and B to have the same degradation
speed. With the same degradation speed, the organic EL
display panel 6 has no white balance deviation.

[0056] Pixels of white (W) are formed according to need.
In this case, pixels of R, G, B, and W constitute the display
screen. The RGBW composition contributes to higher lumi-
nance. The RGBG composition is also possible.

[0057] The organic EL display panel 6 is colorized by
mask evaporation. This embodiment is, however, not limited
to such. For example, a blue-light emitting EL layer may be
formed, with the emitted blue light being converted into
light of R, G, and B by color conversion layers of R, G, and
B (color change media (CCM)).

[0058] A circularly polarizing plate (circularly polarizing
film) (not illustrated) may be placed on the light emission
surface of the organic EL display panel 6. The circularly
polarizing plate (circularly polarizing film) is an integrated
combination of a polarizing plate and a phase film.

[0059] The display panel control circuit 2 generates, based
on a display data signal S1, a control signal 52 for control-
ling the source driver IC (circuit) 5, and outputs the gener-
ated control signal S2 to the source driver IC (circuit) 5. The
display panel control circuit 2 also generates, based on a
synchronization signal included in the display data signal
S1, a control signal S3 for controlling the gate driver IC
(circuit) 3, and outputs the generated control signal S3 to the
gate driver IC (circuit) 3.

[0060] The display data signal S1 is a signal indicating
display data, and includes a video signal, a vertical synchro-
nization signal, and a horizontal synchronization signal. The
video signal is a signal designating each pixel value as gray
level information per frame. The vertical synchronization
signal is a signal for synchronizing vertical processing on
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the screen, based on which per-frame processing is timed.
The horizontal synchronization signal is a signal for syn-
chronizing horizontal processing on the screen.

[0061] The control signal S2 includes the video signal and
the horizontal synchronization signal. The control signal S3
includes the vertical synchronization signal and the horizon-
tal synchronization signal.

[0062] The gate driver IC (circuit) 3 drives each gate
signal line in the organic EL display panel 6, based on the
control signal S3 generated by the display panel control
circuit 2.

[0063] The source driver IC (circuit) 5 drives each source
signal line in the organic EL display panel 6, based on the
control signal S2 generated by the display panel control
circuit 2. In more detail, the source driver IC (circuit) 5
outputs a source signal (data signal voltage) to each pixel
circuit, based on the video signal and the horizontal syn-
chronization signal.

[0064] The adjustment unit 7 adjusts a predetermined
voltage applied to a power line (EL cathode power line)
connected to the plurality of display pixels, based on the
display data signal Si received via the display panel control
circuit 2. This will be described in detail later.

[0065] The organic EL display device 1 may include, for
example, a central processing unit (CPU), a storage medium
such as read only memory (ROM) storing a control program,
working memory such as random access memory (RAM),
and a communication circuit, although not illustrated. In this
case, the display data signal S1 is generated, for example, by
the CPU executing the control program.

[0066] FIG. 2 is a diagram illustrating an example of the
structure of the organic EL display panel according to
Embodiment 1. FIG. 2 illustrates the position and connec-
tion relationships between the organic EL display panel 6,
the gate driver IC (circuit) 3, and the source driver IC
(circuit) 5.

[0067] In this embodiment, the organic EL display panel 6
is connected with gate signal lines 84, 85, 86, and 87
controlled by a gate driver IC (circuit) 30 and a gate driver
IC (circuit) 31.

[0068] The organic EL display panel 6 is also connected
with source signal lines 88 controlled by the source driver IC
(circuit) 5. The gate signal lines 84, 85, 86, and 87 and the
source signal line 88 will be described later.

[0069] Although the gate driver IC (circuit) 3 is composed
of the gate driver IC (circuit) 30 and gate driver IC (circuit)
31 which are respectively provided on the left and right of
the organic EL display panel 6 in FIG. 2, this structure is
merely an example. The gate driver IC (circuit) 3 may be
provided on only one of the left and right of the organic EL
display panel 6.

[0070] Although this embodiment assumes the circuit 5 as
a source driver IC, the circuit is not limited to a source driver
1C formed by a semiconductor chip. As an example, a silicon
wafer is used to form transistors, which is peeled off and
transferred onto a glass substrate. As another example, a
silicon wafer is used to form a transistor chip, which is
mounted on a glass substrate by bonding to form a display
panel. Alternatively, a source driver circuit may be formed
directly on a glass substrate on which pixels have been
formed, using a technology such as low-temperature poly-
silicon, high-temperature polysilicon, or TAOS.

[0071] Although this embodiment assumes each of the
circuits 30 and 31 as a gate driver IC, the circuit is not

Nov. 24,2016

limited to a source driver IC formed by a semiconductor
chip. As an example, a silicon wafer is used to form
transistors, which is peeled off and transferred onto a glass
substrate. As another example, a silicon wafer is used to
form a transistor chip, which is mounted on a glass substrate
by bonding to form a display panel. Alternatively, a source
driver circuit may be formed directly on a glass substrate on
which pixels have been formed, using a technology such as
low-temperature polysilicon, high-temperature polysilicon,
or TAOS.

1-2. Circuit Structure of Display Pixel

[0072] FIG. 3 is a diagram illustrating an example of the
circuit structure of the display pixel according to Embodi-
ment 1.

[0073] The display pixel according to Embodiment 1
includes transistors, capacitors, an EL element, etc.
Although each of the transistors including drive transistors
and switch transistors is described as a thin-film transistor
(TFT) here, this is not a limitation. The transistor may be a
FET, a MOSFET, a MOS transistor, a bipolar transistor, or
the like. These are also basically thin-film transistors. Other
examples include a varistor, a thyristor, a ring diode, a
photodiode, a phototransistor, and a PLZT element.

[0074] The element is also not limited to a thin-film
element, and may be a transistor formed in a silicon wafer.
As an example, a silicon wafer is used to form transistors,
which is peeled off and transferred onto a glass substrate. As
another example, a silicon wafer is used to form a transistor
chip, which is mounted on a glass substrate by bonding to
form a display panel.

[0075] Both n-type and p-type transistors preferably use a
lightly doped drain (LDD) structure.

[0076] Each transistor may be formed using any of high-
temperature polycrystalline silicon (HTPS), low-tempera-
ture polysilicon (LTPS), continuous grain silicon (CGS),
transparent amorphous oxide semiconductor (TAOS, 170),
amorphous silicon (AS), and infrared RTA (RTA: rapid
thermal annealing).

[0077] Although all transistors in the display pixel are
p-type in FIG. 3, this is not a limitation. All transistors may
be n-type. Alternatively, both n-type and p-type transistors
may be used.

[0078] Each switch transistor is not limited to a transistor,
and may be, for example, an analog switch formed using
both p-type and n-type transistors.

[0079] Each transistor preferably has a top-gate structure.
With the top-gate structure, parasitic capacitance is reduced,
and the gate electrode pattern of the top gate serves as a light
shielding layer which shields light emitted from the EL
element. This reduces transistor malfunctions and off-leak-
age current.

[0080] A process that can use copper wiring or copper
alloy wiring as the wiring material of gate signal lines,
source signal lines, or both gate signal lines and source
signal lines is preferable. This reduces the wiring resistance
of the signal lines, and makes it possible to realize a larger
EL display panel.

[0081] Each gate signal line driven (controlled) by the gate
driver IC (circuit) preferably has lower impedance. The
same applies to the structure of the gate signal line.

[0082] The use of low-temperature polysilicon (LTPS) is
particularly preferable. With low-temperature polysilicon,
n-type and p-type transistors of a top-gate structure with low
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parasitic capacitance can be produced, and the copper wiring
or copper alloy wiring process can be used as the process.
The copper wiring preferably has a three-layer structure of
Ti—Cu—Ti.

[0083] The wiring of gate signal lines, source signal lines,
or the like preferably has a three-layer structure of Mo—
Cu—Mo where Mo is molybdenum, in the case where the
transistors are TAOS (transparent amorphous oxide semi-
conductor).

[0084] Each capacitor is formed or placed so as to overlap
at least one of a source signal line and a gate signal line. This
increases the freedom of layout, and secures a wider space
between elements. Yields are thus enhanced.

[0085] An insulation film or an insulation film (planariz-
ing film) made of an acrylic material is formed on each
source signal line and gate signal line to ensure insulation,
and a pixel electrode is formed on the insulation film.
[0086] A pixel circuit 60 illustrated in FIG. 3 is one pixel
included in the organic EL display panel 6, and has a
function of emitting light according to a source signal (video
signal voltage) supplied via a source signal line 88.

[0087] The pixel circuit 60 is an example of one of the
display pixels (light emitting pixels) arranged in a matrix.
For example, as illustrated in FIG. 3, the pixel circuit 60
includes a switch 61, a capacitance element 62, a switch 63,
a switch 64, a capacitance element 65, a drive transistor 66,
a switch 67, and an organic EL element 68. The pixel circuit
60 also includes an EL anode power line 81 (V ), an EL
cathode power line 82 (Vy;), a reference power line 83
(Vzzp), a gate signal line 84, a gate signal line 85, a gate
signal line 86, a gate signal line 87, and a source signal line
88.

[0088] The source signal line 88 is an example of a signal
line (source signal line) for supplying a data signal voltage
(source signal).

[0089] The EL anode power line 81 (V,.,) is a high-
voltage power line, connected to the drain electrode of the
drive transistor, for determining the potential of the drain
electrode of the drive transistor 66. For example, the EL
anode power line 81 (Vzp) is 6 V.

[0090] The EL cathode power line 82 (V) is a low-
voltage power line connected to the cathode (second elec-
trode) of the organic EL element 68.

[0091] The reference power line 83 (Vzzz) is an example
of a power line for supplying a reference voltage, and
supplies a reference voltage V. The potential difference
between the reference voltage V. supplied by the refer-
ence power line 83 (Vyzr) and the anode voltage V pr
supplied by the EL anode power line 81 (V ;) is set to a
voltage greater than the threshold voltage (Vth) of the drive
transistor 66, that is, “(threshold voltage Vth)<(anode volt-
age Vypp)-(reference voltage Vizzr)”. For example, the
reference voltage V. is 0 V in this embodiment.

[0092] The organic EL element 68 is an example of a light
emitting element that emits light according to a current
supplied from the drive transistor 66. A plurality of light
emitting elements are arranged in a matrix. The organic EL
element 68 has a cathode (second electrode) connected to
the EL cathode power line 82, and an anode (first electrode)
connected to the source (source electrode) of the drive
transistor 66 via the switch 67. The voltage supplied to the
EL cathode power line 82 is V,;, which is -6 V as an
example.
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[0093] The drive transistor 66 is a voltage-driven drive
element that controls the supply of current to the organic EL
element 68, and causes the organic FL element 68 to emit
light by supplying the current corresponding to the voltage
held in the capacitance element 65 to the organic EL element
68. In more detail, the drive transistor 66 has a drain
electrode conducting with a first electrode of the capacitance
element 65, a gate electrode conducting with a second
electrode of the capacitance element 65, and a source
electrode connected to the anode of the organic EL element
68 via the switch 67, as illustrated in FIG. 3. For example,
in a light emission period, the drive transistor 66 causes the
organic EL element 68 to emit light by flowing the current
corresponding to the voltage (data signal voltage) held in the
display capacitance element 65 through the organic EL
element 68. In more detail, the drive transistor 66 converts
the data signal voltage supplied to the gate electrode into the
current corresponding to the data signal voltage, and sup-
plies the converted current to the organic EL element 68, to
cause the organic EL element 68 to emit light. The light
emission timing is controlled by the switch 67. In this
embodiment, the switches 67 in all pixel circuits 60 (all
pixels in the organic EL display panel 6) are collectively
turned on (conduction), so that the organic EL elements 68
in all pixels are collectively lit. In other words, the light
emission period begins simultaneously on the whole screen.

[0094] In a non-light emission period following the light
emission period, for example, the switch 67 is turned off
(nonconduction), and so the drive transistor 66 does not flow
the current through the organic EL element 68. Thus, the
drive transistor 66 does not cause the organic EL element 68
to emit light in the non-light emission period.

[0095] In this embodiment, the thin-film transistor (TFT)
forming the drive transistor 66 is p-type.

[0096] Note that the thin-film transistor (TFT) forming the
drive transistor 66 may be n-type, p-type, or a combination
of n-type and p-type. Moreover, the channel layer of the
thin-film transistor may be made of any of amorphous
silicon, microcrystalline silicon, polysilicon, oxide semicon-
ductor, organic semiconductor, etc. For example, the oxide
semiconductor may be an oxide semiconductor material
including at least one type selected from indium (In),
gallium (Ga), and zinc (Zn). The oxide semiconductor has
low off-current, has high electron mobility even in an
amorphous state, and can be formed by a low-temperature
process. For example, amorphous indium-gallium-zinc
oxide (InGaZnQO) may be used.

[0097] The capacitance element 65 is an example of a first
capacitance element (display capacitor) for holding a first
voltage used to cause the organic EL element 68 to emit
light. The capacitance element 65 holds the voltage for
determining the amount of current to be flown by the drive
transistor 66. In detail, the first electrode (the electrode
opposite to the node C) of the capacitance element 65 is
connected between the drain electrode (the electrode on the
EL anode power line 81 side) of the drive transistor 66 and
the EL anode power line 81. The second electrode (the
electrode on the node C side) of the capacitance element 65
is connected to the gate electrode of the drive transistor 66.
The second electrode of the capacitance element 65 is
connected to a first electrode (the electrode on the node A
side) of the capacitance element 62 via the switch 63. The
second electrode of the capacitance element 65 is connected
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to the reference power line 83 (V) for supplying the
reference voltage Vi .r, via the switch 64.

[0098] In this embodiment, a second voltage held in the
capacitance element 62 is copied to the capacitance element
65 which accordingly holds the second voltage as the first
voltage under control of the display panel control circuit 2,
in a second period following an initialization period for
initializing the capacitance element 65 in the non-light
emission period after the light emission period during which
the organic EL element 68 emits light.

[0099] The capacitance element 62 is an example of a
second capacitance element (write capacitor) for holding the
second voltage that is different from the first voltage held in
the capacitance element 65 and is the next voltage to be held
in the capacitance element 65. The capacitance element 62
serves as memory for temporarily holding the next voltage
to be held in the capacitance element 65. In detail, the first
electrode (the electrode on the node A side) of the capaci-
tance element 62 is connected to the source signal line 88 via
the switch 61. The second electrode (the electrode on the
node B side) of the capacitance element 62 is connected to
the reference power line 83 (V) for supplying the refer-
ence voltage Vppr.

[0100] In this embodiment, the second voltage is written
to and held in the capacitance element 62 under control of
the display panel control circuit 2, in a first period in the light
emission period during which the organic EL element 68
emits light.

[0101] The switch 61 is an example of a first switch that
switches between conduction and nonconduction between
the source signal line 88 (signal line) for supplying the data
signal voltage and the first electrode of the capacitance
element 62. In detail, the switch 61 is a switching transistor
having one of the drain and source terminals connected to
the source signal line 88, the other one of the drain and
source terminals connected to the first electrode of the
capacitance element 62, and the gate connected to the gate
signal line 84. In other words, the switch 61 has a function
of writing to the capacitance element 62 (write capacitor) for
temporarily holding the data signal voltage (data signal)
corresponding to the video signal voltage (video signal)
supplied via the source signal line 88.

[0102] The switch 63 is an example of a second switch that
switches between conduction and nonconduction between
the first electrode of the capacitance element 62 and the
second electrode of the capacitance element 65. In detail, the
switch 63 is a switching transistor having one of the drain
and source terminals connected to the first electrode of the
capacitance element 62, the other one of the drain and source
terminals connected to the second electrode of the capaci-
tance element 65, and the gate connected to the gate signal
line 85. In other words, the switch 63 has a function of
supplying (copying) the second voltage held in the capaci-
tance element 62 to the capacitance element 65.

[0103] The switch 64 is an example of a third switch that
switches between conduction and nonconduction between
the reference power line 83 (V) for supplying the refer-
ence voltage V.- and the second electrode of the capaci-
tance element 65. In detail, the switch 64 is a switching
transistor having one of the drain and source terminals
connected to the reference power line 83 (Vzzz), the other
one of the drain and source terminals connected to the gate
electrode of the drive transistor 66 and the second electrode
of the capacitance element 65, and the gate connected to the
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gate signal line 86. In other words, the switch 64 has a
function of supplying the reference voltage (Vyzz) to the
second electrode of the capacitance element 65 and the gate
electrode of the drive transistor 66.

[0104] The switch 67 is an example of a fourth switch that
switches between conduction and nonconduction between
the source electrode of the drive transistor 66 and the anode
of the organic FL element 68. In detail, the switch 67 is a
switching transistor having one of the drain and source
terminals connected to the source electrode of the drive
transistor 66, the other one of the drain and source terminals
connected to the anode of the organic EL element 68, and the
gate connected to the gate signal line 86.

[0105] In the pixel structure in this embodiment, a video
signal voltage can be written to the pixel even in the state
where current is supplied to the organic EL element 68, as
illustrated in FIG. 3. The voltage corresponding to the video
signal written to the pixel in the previous frame period is
held in the capacitor (the capacitance element 65), and the
drive transistor 66 supplies current to the organic EL ele-
ment 68 based on the voltage held in the capacitance element
65.

[0106] In the current frame period, the gate driver IC
(circuit) sequentially selects pixel rows, and the source
driver IC applies a video signal to each selected pixel
(display pixel). In the pixel, the voltage corresponding to the
video signal is held in the capacitance element 62. In each
blanking period of one frame, the voltage held in the
capacitance element 62 is copied to the capacitance element
65. During this period, the display screen is kept in a
non-display state.

[0107] In the next frame, the drive transistor 66 supplies
current to the organic EL element 68, based on the voltage
held in the capacitance element 65.

[0108] As described above, the pixel according to this
embodiment includes the capacitance element 65 and the
capacitance element 62 each of which holds a voltage based
on a video signal.

[0109] Although this embodiment describes the case
where the capacitance element 65 and the capacitance
element 62 each of which holds a voltage based on a video
signal are provided, this is not a limitation. For example, two
memory circuits may be formed using transistors, etc., and
each memory circuit may hold a voltage based on a video
signal. Moreover, the gate capacitor of each MOS transistor
may hold a voltage based on a video signal.

[0110] The features described above are equally appli-
cable to the other embodiments in this description, and may
be combined with the other embodiments. Although this
embodiment describes the case where the switches 61, 63,
64, and 67 in the pixel circuit 60 are p-type TFTs, this is not
a limitation, and the switches may be n-type TFTs.

1-3. Structure of Adjustment Unit

[0111] The following describes the adjustment unit 7 illus-
trated in FIG. 1.

[0112] FIG. 4 is a diagram illustrating an example of the
structure of the adjustment unit according to Embodiment 1.
[0113] The adjustment unit 7 includes a current calculation
unit 71, a voltage calculation unit 72, and a voltage change
unit 73, and adjusts the predetermined voltage (cathode
voltage V) applied to the EL cathode power line 82
connected to the plurality of display pixels.
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[0114] The current calculation unit 71 calculates the cur-
rent value flowing in the organic EL display panel 6 in the
case where the data signal voltage based on the display data
(video data) included in the display data signal S1 is
supplied to the organic EL display panel 6.

[0115] In more detail, the current calculation unit 71
includes a first current value calculation unit 711, a second
current value calculation unit 712, a third current value
calculation unit 713, a weighting unit 714, a weighting unit
715, a weighting unit 716, and an addition unit 717.
[0116] The first current value calculation unit 711 calcu-
lates the current value (first current value) flowing in the
organic EL display panel 6 in the case where a red data
signal voltage which is the signal voltage of red data (Rdata)
included in the display data (video data) is supplied to the
organic EL display panel 6. Likewise, the second current
value calculation unit 712 and the third current value cal-
culation unit 713 calculate the respective current values
(second current value and third current value) flowing in the
organic EL display panel 6 in the case where a green data
signal voltage of green data (Gdata) and a blue data signal
voltage of blue data (Bdata) included in the display data
(video data) are supplied to the organic EL display panel 6.
[0117] The weighting unit 714 weights the first current
value calculated by the first current value calculation unit
711, and outputs the weighted first current value to the
addition unit 717. The weighting is performed because of the
difference of the color light emission efficiency of the
organic EL element 68 depending on the material and the
like. In this embodiment, for example, the weighting unit
714 weights the first current value by 2, i.e. multiplies the
first current value by 2, and outputs the weighted first current
value to the addition unit 717. Likewise, the weighting unit
715 weights the second current value calculated by the
second current value calculation unit 712 and outputs the
weighted second current value to the addition unit 717, and
the weighting unit 716 weights the third current value
calculated by the third current value calculation unit 713 and
outputs the weighted third current value to the addition unit
717. In this embodiment, for example, the weighting unit
715 weights the second current value by 1, and the weight-
ing unit 716 weights the third current value by 5.

[0118] The addition unit 717 outputs a total current value
by adding (summing) the weighting units 714, 715, and 716,
to the voltage calculation unit 72. The total current value is
the current value flowing in the organic EL display panel 6
in the case where the data signal voltage based on the display
data included in the display data signal S1 is supplied to the
organic EL display panel 6.

[0119] Although this embodiment describes the case
where the voltage calculation unit 72 calculates the total
current value to facilitate understanding, this is not a limi-
tation. Any value, magnitude, change amount, or the like
may be used as long as it has proportionality or predeter-
mined correlation to the current or power flowing in the
display screen of the organic EL display panel 6.

[0120] In the case where the cathode voltage V; and the
anode voltage V .- are fixed, for example, a current-corre-
lation value is calculated from the display data (video data),
and the current-correlation value and the cathode voltage
Vg, the anode voltage V. or the like are multiplied to
obtain a power-correlation value. In the case where the
cathode voltage V., the anode voltage VIF, or the like is
changed by the voltage change unit 73, etc., the current-
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correlation value and the changed cathode voltage V, or
anode voltage V., are multiplied to obtain the power-
correlation value.

[0121] Not all display data (video data) forming the dis-
play screen may be used to calculate the current. As an
example, display data (video data) corresponding to any
pixels selected in the display screen may be used to calculate
the current. The total current flowing in the display screen
can be estimated by proportional multiplication on the
selected pixels. This reduces the calculation time and the
number of operations to calculate the current value.

[0122] As another example, display data (video data)
whose gray level is not less than a predetermined gray level
may be used to calculate the current. The value correspond-
ing to the current may be calculated from the number of
pixels of display data (video data) whose gray level is not
less than the predetermined gray level. The voltage calcu-
lation unit 72 determines whether or not to change the
predetermined voltage applied to the EL cathode power line
82, based on the total current value output from the addition
unit 717. In the case where the predetermined voltage is to
be changed, the voltage calculation unit 72 calculates a
voltage to be applied to the EL cathode power line 82. In
more detail, in the case where the total current value output
from the addition unit 717 is greater than or equal to a
predetermined threshold, the voltage calculation unit 72
determines that the predetermined voltage applied to the EL
cathode power line 82 is to be changed, and calculates, as the
voltage to be applied to the EL cathode power line 82, a
voltage higher than the predetermined voltage.

[0123] The voltage change unit 73 changes the voltage
(cathode voltage) to the voltage value calculated by the
voltage calculation unit 72. For example, suppose the volt-
age of the EL cathode power line 82 is -6 V in the case
where the current flowing in the organic EL display panel 6
is in a predetermined value range (normal range). In the case
where the current flowing in the EL display panel becomes
greater than or equal to the predetermined value, the voltage
change unit 73 changes the voltage of the EL cathode power
line 82 to -4 V. By changing the voltage of the EL cathode
power line 82 from -6 V to -4V, the potential difference
between the EL anode power line 81 and the EL cathode
power line 82 decreases, so that the power used by the EL
display panel can be reduced. FIG. 5 is a diagram illustrating
an example of the voltage adjustment method of the adjust-
ment unit according to Embodiment 1.

[0124] InFIG. 5, the horizontal axis represents the lighting
rate (%). As an example, the lighting rate is obtained by
adding gray level data of a video signal and the like.
[0125] For example, suppose the maximum value of gray
level data is 255. When the gray level data applied to 10
pixels (display pixels) are all 16, the total sum is 16x10=160,
and the lighting rate is 160/(255x10)=0.0627 (6.27%).
When the gray level data applied to 10 pixels (display
pixels) are all 255, the total sum is 255x10 =2550, and the
lighting rate is 2550/(255x10)=1.0 (100%). The lighting rate
has a maximum value of 100%, and a minimum value of 0%.
Here, the lighting rate needs to be weighted by the light
emission efficiency of each color of light emitting element
such as red (R), green (G), and blue (B).

[0126] In the organic EL display panel 6, the light emis-
sion efficiency differs among the EL elements of red (R),
green (G), and blue (B). Accordingly, gray level data is
multiplied by a weighting factor depending on the color of
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R, G, or B, to calculate added data on the display screen. In
the case of R, G, B, and W (white), each of the four colors
is weighted based on the light emission efficiency.

[0127] The light emission efficiency corresponding to the
current flowing in the organic EL element needs to be
converted. In the case where the gray level data is gamma-
transformed, for example, the gray level data is subject to
calculation with a gamma transformation coefficient, to
obtain the current flowing through the organic EL element.
The obtained current is weighted based on the light emission
efficiency of the corresponding light emission color. For
example, suppose the weighting factor of green (G) is 1. If
the light emission efficiency of red (R) is %2 of green (G), the
weighting factor of red (R) is 2. If the light emission
efficiency of blue (B) is ¥s of green (G), the weighting factor
of blue (B) is 5.

[0128] A lighting rate of 0% indicates the state where the
display screen is black and all pixels are unlit. In this state,
ideally no current flows through the organic EL elements of
the display screen. A lighting rate of 100% indicates the state
where the display screen is white with the maximum lumi-
nance (maximum brightness). In this state, all pixels of the
display screen are at the maximum gray level, and the
current flowing in the display screen is the maximum
current.

[0129] Basically, the current I flowing through an organic
EL element and the luminance B of the organic EL element
are proportional to each other. In the case where the gray
level data and the current flowing through the organic EL
element based on the gray level data are proportional to each
other, the lighting rate can be calculated by multiplying the
current flowing through the EL element of each light emis-
sion color by the corresponding weighting factor. The light-
ing rate is obtained by weighting the current flowing in the
display screen based on the light emission efficiency of each
of the light emission colors arranged in a matrix.

[0130] Let Ix be the current flowing in the display screen
in a given image display state, and Im be the current flowing
in the display screen in the white display state where the
whole display screen has the maximum luminance (maxi-
mum brightness). Then, the lighting rate (%)=Ix/Imx100.
Here, the cathode voltage and the anode voltage are constant
(fixed).

[0131] Although the above describes the case where the
current flowing in the display screen (or the current-corre-
lation value) is obtained from the gray level data, this is not
a limitation. For example, the current of each of R, G, and
B flowing through the cathode line or anode line may be
measured by an ammeter or the like, to perform weighting
using the current of each of R, G, and B. The current flowing
in the display screen may be measured, to calculate the
lighting rate from the measured current. Moreover, a pickup
resistor may be placed in series in the EL cathode power line
82 or the EL anode power line 81, to measure the voltage
across the pickup resistor by a voltmeter and obtain the
current flowing in the display screen.

[0132] With the current data obtained from the gray level
data or the current obtained by direct current measurement,
the consumed current (consumed power) flowing in the
display screen can be calculated in the case where the anode
voltage and the cathode voltage are fixed. The consumed
current and the value obtained by weighting the video signal
of R, G, B, or the like based on the EL element efficiency are
correlated with each other.
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[0133] The consumed current (consumed power) flowing
in the display area is calculated. In the case of R, G, B, and
W (white), each of the four colors is weighted based on the
corresponding light emission efficiency.

[0134] Although the above describes the case where the
lighting rate is calculated from the gray level data or the
current flowing in the whole display screen, this is not a
limitation. The lighting rate may be obtained by estimating
or calculating the gray level data sum or current of the whole
display screen from the gray level data sum or current of a
part of the display screen (e.g. ¥ of the display screen). The
lighting rate need not necessarily be calculated from the gray
level data sum or current of one frame period. For example,
the gray level data sum or current of each of a plurality of
frames may be averaged or transfer-integrated to obtain the
lighting rate.

[0135] InFIG. 5, in the case where the lighting rate is 0%
to 25%, the cathode voltage is constant at =7 V in the lines
of all examples. In the case where the lighting rate is low, i.e.
25% or less, even when the cathode voltage is low (the
absolute value of the anode-cathode voltage is high), the
current flowing in the display screen is small and the panel
heat generation is low, and so there is no need to perform
current limitation. In the case where the lighting rate is high,
the current flowing in the display screen is large, and
accordingly the cathode voltage is increased.

[0136] In detail, the adjustment unit 7 adjusts the voltage
applied to the EL cathode power line 82 to be higher than the
predetermined voltage (V) (so that the potential difference
between the anode voltage and the cathode voltage is lower),
when the total sum of current (or the lighting rate) corre-
sponding to the second voltage in the case where the current
corresponding to the second voltage is supplied to the
organic EL element 68 in each of the plurality of display
pixels is greater than or equal to a threshold. In more detail,
the voltage change unit 73 does not change the cathode
voltage steeply, but changes the cathode voltage along
straight line Li having a constant gradient as illustrated in
FIG. 5 as an example. The voltage adjustment method is not
limited to changing the cathode voltage along straight line
Li. The cathode voltage may be changed along straight line
L2 having a gentler gradient than straight line Li. Alterna-
tively, the cathode voltage may be changed as indicated by
line L3, where the voltage is adjusted from a certain lighting
rate of 25% and maintained constant when the lighting rate
is 65% or more.

[0137] FIG. 6is a diagram illustrating the response time of
the adjustment unit upon a voltage change according to
Embodiment 1. In FIG. 6, the vertical axis represents the
response time (the order of msec), and the horizontal axis
represents the amount of change of the total current value (or
the lighting rate). The voltage change unit 73 is not limited
to changing the cathode voltage steeply at an inflection point
along straight line L5, but may change the cathode voltage
smoothly along curved line 6.

[0138] Thus, the adjustment unit 7 may adjust the voltage
applied to the EL cathode power line 82 to be lower than the
predetermined voltage, when the total sum of current or gray
level (the lighting rate) corresponding to the second voltage
in the case where the current corresponding to the second
voltage is supplied to the organic EL element 68 in each of
the plurality of display pixels is greater than or equal to the
threshold.
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[0139] In this embodiment, when the total sum of current
or gray level (the lighting rate) corresponding to the second
voltage is greater than or equal to the threshold, the adjust-
ment unit 7 adjusts the voltage applied to the EL cathode
power line 82 to be lower than the predetermined voltage, in
the non-light emission period of the pixel circuit 60. The
timing of adjustment will be described in detail later.

[0140] In this way, the adjustment unit 7 performs over-
load control so that the panel power due to the current
flowing into the organic EL display panel 6 is less than a
predetermined level. A decrease in life of the organic EL
elements 68 can thus be prevented. The current correspond-
ing to the applied voltage (gray level signal voltage) is
caused to flow through the organic EL, element 68 by the
drive transistor 66. If the current flowing through the display
pixels (organic EL elements 68) constituting the organic EL.
display panel 6 is large, the organic EL display panel 6
generates heat, which leads to shorter life (degradation) of
the organic EL elements 68.

[0141] FIG. 7 is a diagram illustrating the relationship
between the adjustment unit and the pixel circuit according
to Embodiment 1. The same elements as in FIGS. 3 and 4 are
given the same reference signs, and their detailed description
is omitted.

[0142] The adjustment unit 7 (the voltage change unit 73)
changes the voltage V; of the EL cathode power line 82 of
a pixel circuit 60a (the voltage V; of a voltage source 73a)
to the voltage value calculated by the voltage calculation
unit 72.

[0143] FIG. 8 is a diagram illustrating the relationship
between the pixel circuits and the power lines according to
Embodiment 1.

[0144] The pixel circuits 60a are arranged in a matrix in
the organic EL display panel 6, as illustrated in FIG. 8. Each
of the EL anode power line 81 and EL cathode power line
82 is not provided for each of the pixel circuits 60a indi-
vidually but provided as a power line common to the
plurality of pixel circuits 60a, as illustrated in FIG. 6.

1-4. Operation of Display Pixel

[0145] The following describes the method of driving the
pixel circuit illustrated in FIG. 3, with reference to FIGS. 9A
to 9E.

[0146] With the structure of the pixel circuit 60 illustrated
in FIG. 3, the display pixel can perform the process of
writing a luminance signal and the process of emitting light
by the organic EL element independently of each other. In
detail, the display pixel in this embodiment, i.e. the pixel
circuit 60 illustrated in FIG. 3, is driven through a write
process, a reset process, a copy process, a voltage adjust-
ment process, and a light emission process. The driving
method in this embodiment is realized by performing the
five processes illustrated in FIGS. 9A to 9E with the struc-
ture of the pixel circuit 60 illustrated in FIG. 3.

[0147] FIGS. 9A to 9E are diagrams illustrating an
example of the operation of the pixel circuit according to
Embodiment 1. FIGS. 9A to 9E illustrate the operations in
the scenes corresponding to the write process, the reset
process, the copy process, the voltage adjustment process,
and the light emission process. The same elements as in FIG.
3 are given the same reference signs, and their detailed
description is omitted.
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(Write Process)

[0148] FIG. 9A illustrates the operation scene of the write
process which is executed in the first period in the light
emission period during which the organic EL element 68
emits light. The write process is a process of writing a video
signal voltage (Vsig) for the next light emission period to the
capacitance element 62 in the first period in the light
emission period during which the organic EL element 68
emits light according to the current video signal voltage of
the capacitance element 65, as illustrated in FIG. 9A.

[0149] In this embodiment, first, the switches 63 and 64
are maintained nonconducting (off), the switch 67 is main-
tained conducting (on), and the drive transistor 66 supplies
the current corresponding to the voltage held in the capaci-
tance element 65 to the organic EL element 68 so that the
organic EL element 68 emits light (light emission period).

[0150] In the first period (write period) in the light emis-
sion period, the switch 61 is rendered conducting (on), to
cause the capacitance element 62 to hold the next voltage
(video signal voltage Vsig) to be held by the capacitance
element 65. In other words, in this embodiment, the display
panel control circuit 2 causes the second voltage (the next
video signal voltage) to be written to and held in the
capacitance element 62 in the light emission period (in the
first period) during which the organic EL element 68 emits
light, in each of the plurality of pixel circuits 60. The
aforementioned operation is performed from the top pixel
row to bottom pixel row of the screen sequentially. In detail,
the gate driver circuit 3 performs shift operation to sequen-
tially select the pixel row position to which the video signal
is applied.

[0151] Thus, in the pixel circuit 60 in this embodiment, in
the first period in the light emission period during which the
organic EL element 68 emits light according to the voltage
(video signal voltage) held in the capacitance element 65,
the voltage (video signal voltage) to be held in the capaci-
tance element 65 in the next light emission period can be
written to and held in the capacitance element 62 before-
hand. In other words, the pixel circuit 60 according to this
embodiment can write the next video signal voltage (video
data) to the pixel circuit 60 even during the light emission of
the organic EL element 68. Hence, the next image display
can be written to each pixel while holding the image display
state of the display screen.

(Reset Process)

[0152] FIG. 9B illustrates the operation scene of the reset
process which is executed in the non-light emission period
after the light emission of the organic EL element 68. An
example of the non-light emission period is a blanking
period. The reset process is a process of resetting the
capacitance element 65 in the state where the light emission
of the organic EL element 68 is stopped, as illustrated in
FIG, 9B.

[0153] In this embodiment, in the non-light emission
period during which the switch 67 is nonconducting (off),
the switch 64 is rendered conducting (on) while maintaining
the switches 61 and 63 nonconducting (off), to input the
voltage V zr to one end of the capacitance element 65. The
reset process of initializing the capacitance element 65 is
carried out in this way,
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(Copy Process)

[0154] FIG. 9C illustrates the operation scene of the copy
process which is executed in the second period following the
reset process in the non-light emission period during which
the light emission of the organic EL element 68 is stopped.
The copy process is a process of copying the next video
signal voltage (Vsig) held in the capacitance element 62 to
the capacitance element 65 in the second period following
the reset process in the non-light emission period, as illus-
trated in FIG. 9C.

[0155] In this embodiment, in the second period following
the reset process in the non-light emission period during
which the switch 67 is nonconducting (off), the switch 64 is
rendered nonconducting (off) while maintaining the switch
63 nonconducting (off), and then the switch 63 is rendered
conducting (on). As a result, the first electrode of the
capacitance element 62 and the second electrode of the
capacitance element 65 are connected, and so the next video
signal voltage (Vsig) held in the capacitance element 62 can
be copied (written) to the capacitance element 65. The video
signal voltage held in the capacitance element 62 in each
pixel is concurrently copied to the capacitance element 65.
In the next frame, an image is displayed according to the
video signal voltage copied to the capacitance element 65.

(Voltage Adjustment Process)

[0156] FIG. 9D illustrates the operation scene of the
voltage adjustment process of adjusting the predetermined
voltage (cathode voltage) by the adjustment unit 7, which is
executed in the non-light emission period during which the
light emission of the organic EL element 68 is stopped. The
voltage adjustment process is a process of adjusting the
cathode voltage of the EL cathode power line 82 (the voltage
V; of the voltage source 73a) in the non-light emission
period, as illustrated in FIG. 9D.

[0157] Although FIG. 9D illustrates the scene where the
voltage adjustment process is performed concurrently with
the copy process illustrated in FIG. 9C, this is not a
limitation. The voltage adjustment process may be per-
formed at any timing in the non-light emission period during
which the switch 67 is nonconducting (off).

[0158] For example, the reset process, the copy process,
and the voltage adjustment process are performed in the
blanking period. During these operations, the shift operation
of the gate driver circuit is stopped. Moreover, these opera-
tions are performed simultaneously on all pixels of the
display screen.

[0159] The adjustment unit 7 calculates the current flow-
ing in the organic EL display panel 6, from the display data
signal S1 of one frame or subfield. Based on the calculation
result, the adjustment unit 7 changes (adjusts) the anode
voltage to be lower than the predetermined voltage. This
enables overload control so that the panel power due to the
current flowing into the organic EL display panel 6 is less
than a predetermined level. The adjustment unit 7, in com-
bination with the pixel circuit 60 in this embodiment, can
perform the anode voltage change as overload control in the
non-light emission period before video display, without
lowering video quality.

(Light Emission Process)

[0160] FIG. 9E illustrates the operation scene of the light
emission process where the organic EL element 68 emits
light.
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[0161] In this embodiment, the switch 67 is rendered
conducting (on) while maintaining the switches 61, 63, and
64 nonconducting (off). This enables the organic EL element
68 to emit light according to the next video signal voltage
(Vsig) held in the capacitance element 65.

[0162] By repeatedly executing the write process, the reset
process, the copy process, the voltage adjustment process,
and the light emission process in the aforementioned man-
ner, video (e.g. a moving image) can be displayed on the
plurality of display pixels in this embodiment.

[0163] In the light emission process, by changing the
switch 67 from nonconduction (off) to conduction (on)
simultaneously in all display pixels of the organic EL
display panel 6, the frame display can be switched simul-
taneously in all display pixels. Thus, the display according
to the current video signal voltage and the display according
to the next video signal voltage can be kept from being
mixed.

1-5. Advantageous Effects

[0164] As described above, the organic EL display device
1 according to this embodiment can prevent a decrease in
life of the organic EL elements 68.

[0165] In detail, in a conventional organic EL display
device, when performing overload control so that the panel
power due to the current flowing into the organic EL panel
is less than a predetermined level, the voltage of the power
line needs to be decreased during video display. This causes
lower video quality such as display unevenness or flicker.
[0166] On the other hand, the organic EL display device 1
according to this embodiment includes the adjustment umt
7, and is capable of writing a data signal voltage and
displaying video independently of each other. Moreover, the
adjustment unit 7 changes the cathode voltage or the like
during the blanking period. The video signal is copied to the
capacitance element 62 sequentially, and the video signal
held in the capacitance element 62 is copied to the capaci-
tance element 65 concurrently in the blanking period. This
enables overload control so that the panel power due to the
current flowing into the organic EL panel is less than a
predetermined level, without lowering video quality or
causing flicker when changing the cathode voltage or the
like. A decrease in life of the organic EL elements 68 can
thus be prevented.

[0167] The adjustment unit 7 calculates the current flow-
ing in the organic EL display panel 6, from the display data
signal S1 of one frame or subfield. Based on the calculation
result, the adjustment unit 7 changes the anode voltage to be
lower than the predetermined voltage. This enables overload
control so that the panel power due to the current flowing
into the organic EL display panel 6 is less than a predeter-
mined level. Moreover, the adjustment unit 7 can perform
the anode voltage change as overload control in the non-
light emission period before video display. This has the
advantageous effect of preventing lower video quality.
[0168] Furthermore, since the organic EL display device 1
according to this embodiment can perform overload control,
no heat dissipation mechanism 1o cool the organic EL
display panel 6 is needed. This has the advantageous effect
of realizing a thinner organic EL display panel 6.

Embodiment 2

[0169] While Embodiment 1 describes the case where the
thin-film transistors forming the switch 61, switch 63, switch
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64, drive transistor 66, and switch 67 are p-type, this is not
a limitation, and the thin-film transistors may be n-type.
Embodiment 2 describes the case where the thin-film tran-
sistors forming the switch 61, switch 63, switch 64, drive
transistor 66, and switch 67 are n-type. The following
mainly describes the differences from Embodiment 1.

2-1. Circuit Structure of Display Pixel

[0170] FIG. 10 is a diagram illustrating an example of the
circuit structure of the display pixel according to Embodi-
ment 2. The same elements as in FIG. 3 are given the same
reference signs, and their detailed description is omitted.
[0171] A pixel circuit 60A illustrated in FIG. 10 is one
pixel included in the organic EL display panel 6, and has a
function of emitting light according to a source signal (data
signal voltage) supplied via a source signal line 88.

[0172] The pixel circuit 60A is an example of one of the
display pixels (light emitting pixels) arranged in a matrix.
For example, as illustrated in FIG. 10, the pixel circuit 60A
includes a switch 61a, a capacitance element 62, a switch
63a, a switch 64a, a capacitance element 65a, a drive
transistor 66a, a switch 674, an organic EL element 68, a
switch 611, and a switch 612. The pixel circuit 60 also
includes an EL anode power line 81 (V ,-;), an EL cathode
power line 82 (V;), a reference power line 83 (Vpzr), @
gate signal line 84a, a gate signal line 85q, a gate signal line
864, a gate signal line 874, and a source signal line 88, and
further includes an initialization power line 613 (V,,), a
reference power line 614 (V) a control line 616, and an
Init line 617.

[0173] The initialization power line 613 (V) is an
example of a power line for supplying a voltage V; (also
referred to as an initialization voltage V ;) for initializing
the voltage between the source and gate of the drive tran-
sistor 66a, 1.e. the voltage of the capacitance element 65. The
reference power line 614 (V) is an example of a power
line for supplying a reference voltage V zzps.

[0174] The organic EL element 68 is an example of a light
emitting element that emits light according to a current
supplied from the drive transistor 66a. A plurality of light
emitting elements are arranged in a matrix.

[0175] The drive transistor 66a is a voltage-driven drive
element that controls the supply of current to the organic EL
element 68, and causes the organic FL element 68 to emit
light by supplying the current corresponding to the voltage
held in the capacitance element 65a to the organic EL
element 68. In this embodiment, the thin-film transistor
(TFT) forming the drive transistor 66a is n-type.

[0176] The capacitance element 65a is an example of a
first capacitance element (display capacitor) for holding a
first voltage used to cause the organic EL element 68 to emit
light. The capacitance element 65a holds the voltage for
determining the amount of current to be flown by the drive
transistor 66a. In detail, the first electrode (the electrode
opposite to the node D) of the capacitance element 65a is
connected between the source electrode (on the EL cathode
power line 82 side) of the drive transistor 66a and the anode
of the organic EL element 68. The second electrode (the
electrode on the node D side) of the capacitance element 65a
is connected to the gate electrode of the drive transistor 66a.
The second electrode of the capacitance element 654 is also
connected to the initialization power line 613 (V) via the
switch 611.
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[0177] In this embodiment, a second voltage held in the
capacitance element 62 is copied to the capacitance element
65a which accordingly holds the second voltage as the first
voltage under control of the display panel control circuit 2,
in a second period following an initialization period for
initializing the capacitance element 654 in the non-light
emission period after the light emission period during which
the organic EL element 68 emits light.

[0178] The capacitance element 62 is an example of a
second capacitance element (write capacitor) for holding the
second voltage that is different from the first voltage held in
the capacitance element 65a and is the next voltage to be
held in the capacitance element 65a. The capacitance ele-
ment 62 serves as memory for temporarily holding the next
voltage to be held in the capacitance element 65¢. In detail,
the first electrode (the electrode on the node A side) of the
capacitance element 62 is connected to the source signal line
88 via the switch 61a. The second electrode (the electrode
on the node B side) of the capacitance element 62 is
connected to the reference power line 83 (Vi) for sup-
plying the reference voltage V..

[0179] In this embodiment, the second voltage is written
to and held in the capacitance element 62 under control of
the display panel control circuit 2, in a first period in the light
emission period during which the organic EL element 68
emits light.

[0180] The switch 61a is an example of a first switch that
switches between conduction and nonconduction between
the source signal line 88 (signal line) for supplying the data
signal voltage and the first electrode of the capacitance
element 62.

[0181] The switch 63a is an example of a second switch
that switches between conduction and nonconduction
between the first electrode of the capacitance element 62 and
the second electrode of the capacitance element 65a.
[0182] The switch 64a is an example of a third switch that
switches between conduction and nonconduction between
the reference power line 83 (V) for supplying the refer-
ence voltage V- and the second electrode of the capaci-
tance element 65a.

[0183] The switch 67a is an example of a fourth switch
that switches between conduction and nonconduction
between the drain electrode of the drive transistor 66a and
the EL anode power line 81 (Vzp).

[0184] The switch 611 switches between conduction and
nonconduction between each of the first electrode of the
capacitance element 65¢ and the source electrode of the
drive transistor 66a and the initialization power line 613
(V- In detail, the switch 611 has one of the drain and
source terminals connected to the initialization power line
613 (V ), the other one of the drain and source terminals
connected to first electrode of the capacitance element 65a
and the source electrode of the drive transistor 664, and the
gate connected to the Init line 617. In other words, the switch
611 has a function of supplying the initialization voltage
Va7 to the second electrode of the capacitance element 654
and the source electrode of the drive transistor 66a.

[0185] The switch 612 switches between conduction and
nonconduction between the reference power line 614
(Vzzp) Tor supplying the reference voltage V.-, and each
of the gate electrode of the drive transistor 66a and the
second electrode of the capacitance element 65a. In detail,
the switch 612 has one of the drain and source terminals
connected to the reference power line 614 (Vg zz), the other
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one of the drain and source terminals connected to the gate
electrode of the drive transistor 66a and the second electrode
of the capacitance element 65a, and the gate connected to
the gate signal line 87a. In other words, the switch 612 has
a function of supplying the reference voltage (V zy») to the
gate electrode of the drive transistor 664 and the capacitance
element 65a to reset the drive transistor 66a and the capaci-
tance element 65a.

2-2. Structure of Adjustment Unit

[0186] The adjustment unit 7 has the same structure as that
illustrated in FIG. 4 in Embodiment 1, and so its description
is omitted. The following describes the relationship between
the adjustment unit 7 and the pixel circuit 60A according to
Embodiment 2.

[0187] FIG. 11 is a diagram illustrating the relationship
between the adjustment unit and the pixel circuit according
to Embodiment 2. The same elements as in FIGS. 4 and 10
are given the same reference signs, and their detailed
description is omitted.

[0188] In this embodiment, the adjustment unit 7 (the
voltage change unit 73) changes the voltage V .- of the EL
anode power line 81 of a pixel circuit 604 (the voltage V ;-
of a voltage source 73b) to the voltage value calculated by
the voltage calculation unit 72.

[0189] Thus, the adjustment unit 7 can perform overload
control so that the panel power due to the current flowing
into the organic EL display panel 6 is less than a predeter-
mined level (see FIG. 5, etc.), and therefore a decrease in life
of the organic EL elements 68 can be prevented.

2-3. Operation of Display Pixel

[0190] In this embodiment, with the structure of the pixel
circuit 60A illustrated in FIG. 10, the display pixel can
perform the process of writing a luminance signal and the
process of emitting light by the organic EL element inde-
pendently of each other. In detail, the display pixel in this
embodiment, i.e. the pixel circuit 60A illustrated in FIG. 10,
is driven through a write process, a reset process, a copy
process, a voltage adjustment process, and a light emission
process.

[0191] FIGS. 12A to 12H are diagrams illustrating an
example of the operation of the pixel circuit according to
Embodiment 1. FIGS. 9A to 9E illustrate the operations in
the scenes corresponding to the first write process, the reset
process, the copy process (the second write process), the
voltage adjustment process, and the light emission process.
The same elements as in FIG. 10 are given the same
reference signs, and their detailed description is omitted.

(Write Process)

[0192] FIG. 12A illustrates the operation scene of the
write process which is a process of writing a video signal
voltage (Vsig) for the next light emission period to the
capacitance element 62 in the first period in the light
emission period during which the organic EL element 68
emits light according to the current video signal voltage of
the capacitance element 65a.

[0193] In the write process, the switches 61a and 67a are
conducting (on), and the switches 634, 64a, 611, and 612 are
nonconducting (off), as illustrated in FIG. 12A. By setting
the switches in this way, the next video signal voltage (Vsig)
can be written to the capacitance element 62 while causing
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the organic FL element 68 to emit light according to the
current video signal voltage. The aforementioned operation
is performed from the top pixel row to bottom pixel row of
the screen sequentially. In detail, the gate driver circuit 3
performs shift operation to sequentially select the pixel row
position to which the video signal is applied.

[0194] Thus, the pixel circuit 60A according to this
embodiment can write the next video signal voltage (video
data) to the capacitance element 62 in the pixel circuit 60A
even during the light emission of the organic EL element 68.

(Reset Process)

[0195] FIGS. 12B to 12E illustrate the operation scene of
the reset process which is executed in the non-light emission
period after the light emission of the organic EL element 68.
An example of the non-light emission period is a blanking
period. By changing the states of the switches as illustrated
in FIGS. 12B to 12E, the process of resetting the capacitance
element 65a and the drive transistor 66a is carried out.
[0196] First, as illustrated in FIG. 12B, the switches 61¢,
63a, 64a, and 67a are nonconducting (off), and the switches
611 and 612 are conducting (on). As a result, the potential of
the node D is set to the voltage V gz, of the reference power
line 614. Since the switch 611 is conducting, the potential of
the node D is set to the voltage V,, of the initialization
power line 613. Hence, the voltage Vg of the reference
power line 614 and the voltage V,,, of the initialization
power line 613 are applied to the drive transistor 66a.
[0197] Next, as illustrated in FIG. 12C, the switch 611 is
rendered nonconducting (off) from the state illustrated in
FIG. 12B. In detail, having set the switches 61a, 63a, 64a,
and 67a to be nonconducting (off) and the switch 612 to be
conducting (on), the switch 611 is rendered nonconducting
(ofh).

[0198] By providing the period during which the switch
611 is nonconducting in this way, the flow of through current
between the EL anode power line 81 and the initialization
power line 613 can be prevented. In other words, without the
period for setting the state in FIG. 12C, the switches 611 and
67a are simultaneously conducting, with there being a
possibility that through current flows between the EL anode
power line 81 and the initialization power line 613 via the
switch 67a, the drive transistor 66a, and the switch 611. The
flow of through current is prevented by setting the period
illustrated in FIG. 12C.

[0199] Next, as illustrated in FIG. 12D, the switch 67a is
rendered conducting (on) from the state illustrated in FIG.
12C, and then the switch 612 is rendered nonconducting
(off). By rendering the switch 67a conducting (on) in the
state where the reference voltage (Vyzrs) of the reference
power line 614 is input to the gate electrode of the drive
transistor 66a, the threshold compensation operation of the
drive transistor 66a can be carried out. By rendering the
switch 612 nonconducting (off), the threshold compensation
operation ends.

[0200] Next, as illustrated in FIG. 12E, the switch 67a is
rendered nonconducting (off) from the state illustrated in
FIG. 12D, and then the switch 64a is rendered conducting
(on). Since the switch 64q is rendered conducting (on) in the
state where the next video signal voltage (Vsig) is held in the
capacitance element 62, the voltage V.. of the reference
power line 83 is input to the second electrode of the
capacitance element 65a¢. The capacitance element 65a is
thus reset (initialized).
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(Copy Process)

[0201] FIG. 12F illustrates the operation scene of the copy
process which is executed in the second period following the
reset process in the non-light emission period. The copy
process is a process of copying the next video signal voltage
(Vsig) held in the capacitance element 62 to the capacitance
element 65« in the second period following the reset process
in the non-light emission period, as illustrated in FIG. 12F.
[0202] In this embodiment, in the second period following
the reset process in the non-light emission period during
which the switch 67a is nonconducting (off), the switch 63a
is rendered conducting (on) while maintaining the switches
61a, 63a, 674, 611, and 612 nonconducting (off). As a result,
the first electrode of the capacitance element 62 and the
second electrode of the capacitance element 65a are con-
nected, and so the next video signal voltage (Vsig) held in
the capacitance element 62 can be copied (written) to the
capacitance element 65a.

(Voltage Adjustment Process)

[0203] FIG. 12G illustrates the operation scene of the
voltage adjustment process of adjusting the predetermined
voltage (anode voltage) by the adjustment unit 7. The
voltage adjustment process is a process of adjusting the
anode voltage of the EL anode power line 81 (the voltage
V 7 of the voltage source 73b) in the non-light emission
period, as illustrated in FIG. 12G.

[0204] Although FIG. 12G illustrates the scene where the
voltage adjustment process is performed concurrently with
the copy process illustrated in FIG. 12F. this is not a
limitation. The voltage adjustment process may be per-
formed at any timing in the non-light emission period during
which the switch 67a is nonconducting (off).

[0205] The adjustment unit 7 calculates the current flow-
ing in the organic EL display panel 6, from the display data
signal S1 of one frame or subfield. Based on the calculation
result, the adjustment unit 7 changes (adjusts) the anode
voltage to be lower than the predetermined voltage. This
enables overload control so that the panel power due to the
current flowing into the organic EL display panel 6 is less
than a predetermined level. The adjustment unit 7, in com-
bination with the pixel circuit 60A in this embodiment, can
perform the cathode voltage change as overload control in
the non-light emission period before video display, without
lowering video quality.

[0206] For example, the reset process, the copy process,
and the voltage adjustment process are performed in the
blanking period. During these operations, the shift operation
of the gate driver circuit is stopped. Moreover, these opera-
tions are performed simultaneously on all pixels of the
display screen.

(Light Emission Process)

[0207] FIG. 12H illustrates the operation scene of the light
emission process where the organic EL element 68 emits
light.

[0208] In this embodiment, only the switch 67a is ren-
dered conducting (on). This enables the organic EL element
68 to emit light according to the next video signal voltage
(Vsig) held in the capacitance element 65a.

[0209] By repeatedly executing the write process, the reset
process, the copy process, the voltage adjustment process,
and the light emission process in the aforementioned man-
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ner, video (e.g. a moving image) can be displayed on the
plurality of display pixels in this embodiment.

[0210] In the light emission process, by changing the
switch 67 from nonconduction (off) to conduction (on)
simultaneously in all display pixels of the organic EL
display panel 6, the frame display can be switched simul-
taneously in all display pixels. Thus, the display according
to the current video signal voltage and the display according
to the next video signal voltage can be kept from being
mixed.

2-4. Advantageous Effects

[0211] As described above, the organic EL display device
1 according to this embodiment can prevent a decrease in
life of the organic EL elements 68.

[0212] Indetail, the organic EL display device 1 according
to this embodiment includes the adjustment unit 7, and is
capable of writing a data signal voltage and displaying video
independently of each other. This enables overload control
so that the panel power due to the current flowing into the
organic EL panel is less than a predetermined level, without
lowering video quality. A decrease in life of the organic EL
elements 68 can thus be prevented.

[0213] The adjustment unit 7 calculates the current flow-
ing in the organic EL display panel 6, from the display data
signal S1 of one frame or subfield. Based on the calculation
result, the adjustment unit 7 changes the cathode voltage to
be lower than the predetermined voltage. This enables
overload control so that the panel power due to the current
flowing into the organic EL display panel 6 is less than a
predetermined level. Moreover, the adjustment unit 7 can
perform the anode voltage change as overload control in the
non-light emission period before video display. This has the
advantageous effect of preventing lower video quality.
[0214] Furthermore, since the organic EL display device 1
according to this embodiment can perform overload control,
no heat dissipation mechanism 1o cool the organic EL
display panel 6 is needed. This has the advantageous effect
of realizing a thinner organic EL display panel 6.

[Variations]

[0215] Although Embodiments 1 and 2 describe the case
where the organic EL display device 1 expresses a video
signal as one frame in one frame period, this is not a
limitation. The organic EL display device 1 may express a
video signal using a plurality of subfields obtained by
dividing one frame period into a plurality of subfield periods
(subframe periods). In other words, the period between the
light emission period (first light emission period) during
which the organic EL element 68 emits light and the next
light emission period (second light emission period) during
which the organic EL element 68 emits light may be one
frame period or a subfield period (frame period).

[0216] FIG. 13 is a diagram conceptually illustrating the
case where one frame is composed of a plurality of subfields
according to Variation 1. In this variation, one frame may be
expressed by superimposing a plurality of subfields (sub-
frames). By lighting the whole display pixels according to,
for example, the luminance in each subframe period in one
frame period, the luminance in each subfield period is
superimposed together, with it being possible to obtain
desired luminance in one frame period. The whole display
pixels need not necessarily be lit according to the luminance
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in each subfield period. The total luminance in one frame
period may be evenly distributed to the subfield periods, or
the high to low bits of the total luminance in one frame
period may be distributed as in field driving in a plasma
display panel (PDP). The method of distribution is not
limited as long as superimposing the luminance values of the
subfield periods yields the total luminance in one frame
period.

[0217] Forexample, a video signal of one frame is divided
into a plurality of subfields, and each subfield is classified by
luminance (brightness). Each subfield may be classified by,
for example, the bit position of video data. For example, in
the case where the video signal is 8 bits, 8 subfields
constitute one frame. The source driver IC outputs the
voltage value obtained by weighting the bit to the source
signal line in each subfield. In this case, the index value of
each pixel row can be obtained by calculating the number of
bits “17.

[0218] FIG. 14 is a diagram illustrating an example of a
frame composed of a plurality of subfields according to
Variation 1. FIG. 14 illustrates a display screen of each
subfield, using an example where 5 subfields constitute a
frame.

[0219] In detail, the organic EL display device according
to the present disclosure includes the pixel circuit 60 in FIG.
3 or the pixel circuit 60A in FI1G. 14, and so is capable of
writing a luminance signal and displaying video indepen-
dently of each other. Accordingly, in the case of displaying
video in each subfield, the video can be displayed without
the video of two subfields being mixed on one screen. In
other words, since the next video signal voltage can be
written and held during the display of the current subfield on
one screen, the screen can be switched in one operation
when displaying the next video.

[0220] This prevents lower video quality caused by mixed
display of two subfields as in conventional cases. Not only
video quality can be improved, but also the amount of heat
generation of the organic EL display panel 6 in the organic
EL display device 1 can be reduced.

[Variation 2]

[0221] While Variation 1 describes the case where one
frame is composed of a plurality of subframes, this is not a
limitation. The gray level (luminance) of each pixel may be
expressed by being divided into a plurality of subfields
(subframes), as illustrated in FIG. 15.

Other Embodiments

[0222] While the organic EL display device has been
described above by way of embodiments, the present dis-
closure is not limited to these embodiments. Other modifi-
cations obtained by applying various changes conceivable
by a person skilled in the art to the embodiments and any
combinations of the structural elements in different embodi-
ments without departing from the scope of the present
disclosure are also included in the scope of one or more
aspects.

INDUSTRIAL APPLICABILITY

[0223] The present invention can be used for an organic
EL display device and a method of driving the organic EL
display device, and particularly for a FPD display device
such as a television illustrated in FIG. 16.
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REFERENCE SIGNS LIST

[0224] 1 organic EL display device

[0225] 2 display panel control circuit

[0226] 3. 30, 31 gate driver IC (circuit)

[0227] 5 source driver IC (circuit)

[0228] 6 organic EL display panel

[0229] 7 adjustment unit

[0230] 60, 60A, 60a, 605 pixel circuit

[0231] 61, 61a, 63, 63a, 64, 64a, 67, 67a, 611, 612 switch
[0232] 62, 65, 654 capacitance element

[0233] 66, 664 drive transistor

[0234] 68 organic EL element

[0235] 71 current calculation unit

[0236] 72 voltage calculation unit

[0237] 73 voltage change unit

[0238] 73a, 73b voltage source

[0239] 81 EL anode power line

[0240] 82 EL cathode power line

[0241] 83, 614 reference power line

[0242] 84, 84a, 85, 854, 86, 864, 87, 87a gate signal line
[0243] 88 source signal line

[0244] 613 initialization power line

[0245] 616 control line

[0246] 617 Init line

[0247] 711 first current value calculation unit
[0248] 712 second current value calculation unit
[0249] 713 third current value calculation unit
[0250] 714, 715, 716 weighting unit

[0251] 717 addition unit

1. An organic EL display device comprising:

a plurality of display pixels arranged in a matrix; and

an adjustment unit configured to adjust a predetermined
voltage applied to a power line connected to the plu-
rality of display pixels,

wherein each of the plurality of display pixels includes:

a light emitting element;

a first capacitance element that holds a first voltage used
to cause the light emitting element to emit light;

a drive transistor that causes the light emitting element to
emit light, by supplying a current corresponding to the
first voltage held in the first capacitance element to the
light emitting element; and

a second capacitance element that holds a second voltage
different from the first voltage held in the first capaci-
tance element, the second voltage being a next voltage
to be held in the first capacitance element,

the power line is connected to a drain electrode of the
drive transistor or a cathode of the light emitting
element, and

the adjustment unit is configured to adjust the voltage
applied to the power line to be lower than the prede-
termined voltage, when a total sum of current of the
plurality of display pixels in the case where a current
corresponding to the second voltage is supplied to the
light emitting element in each of the plurality of display
pixels is greater than or equal to a threshold.

2. The organic EL display device according to claim 1,

farther comprising

a control unit configured to control each of the plurality of
display pixels,

wherein the control unit is configured to, in each of the
plurality of display pixels:
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cause the second capacitance element to hold the second the reference power line is connected to a second elec-
voltage, in a first period in a light emission period trode of the second capacitance element, and
during which the light emitting element emits light; and the first switch, the second switch, the third switch, and
copy the second voltage held in the second capacitance the fourth switch are each a p-type transistor.
element to the first capacitance element to cause the 7. The organic EL display device according to claim 1,
first capacitance element to hold the second voltage as .o . . .
. . . wherein in the case where the drive transistor is n-type,
the first voltage, in a second period following an S .
Y S . .. . the power line is connected to the drain electrode of the
initialization period in a non-light emission period after . . . .
. L . AR . . drive transistor, and the drive transistor has a source
the light emission period, the initialization period being
a period durine which the first capacitance element is electrode connected to a first electrode of the first
inﬁialize 4. an f P capacitance element and an anode of the light emitting
he adi ’ tis configured diust the vol element, and a gate electrode connected to a second
the adjustment unit 1s configured to adjust the voltage electrode of the first capacitance element.
applied to the power line to be lower than the prede- 8. Th e BL disolav devi di laim 7
termined voltage in the non-light emission period, : e. orgame 15play .eV1ce ac.cor mg.to cla /,
when the total sum of current of the plurality of display wherein each of the plurality of display pixels further
pixels corresponding to the second voltage is greater includes:
than or equal to the threshold. a first switch that switches between conduction and non-
3. The organic EL display device according to claim 1, conduction between a signal line for supplying a data
displaying video by dividing one frame period of a video signal voltage and a first electrode of the second
signal into a plurality of subframe periods, capacitance element;
wherein a period between a light emission period during a second switch that switches between conduction and
which the light emitting element emits light and a next nonconduction between the first electrode of the second
light emitting period during which the light emitting capacitance element and the second electrode of the
element emits light corresponds to any of the plurality first capacitance element;
of subframe periods. a third switch that switches between conduction and
4. The organic EL display device according to claim 1, nonconduction between a reference power line for
wherein the adjustment unit is configured to adjust the supplying a reference voltage and the second electrode
voltage applied to the power line to be lower than the of the first capacitance element; and
predetermined yoltage by linearly changing the voltage a fourth switch that switches between conduction and
for a predetermined time, when the total sum of current nonconduction between the drain electrode of the drive
of thedplurlality qf (ﬁlsplay pixellls corilesponding to the transistor and the power line,
second voltage 1n the case where the current corre- P
. ) . . the reference power line is connected to a second elec-
sponding to the second voltage is supplied to the light trode of thepsecond capacitance element, and
emitting element in each of the plurality of display the first switch. th d switch. the thi ’ d switch. and
pixels is greater than or equal to the threshold. e fst sWIHCh, the second SWILCh, the turd swilch, an
. . . . . the fourth switch are each an n-type transistor.
5. The organic EL display device according to claim 1, o ; ) )
wherein in the case where the drive transistor is p-type, . 91 (f‘ H.lethOd of driving an organic EL display device
the drive transistor has the drain electrode connected to 1ncluding:

a plurality of display pixels arranged in a matrix; and a
power line that is connected to the plurality of display
elements and to which a predetermined voltage is applied,

a first electrode of the first capacitance element, a gate
electrode connected to a second electrode of the first
capacitance element, and a source electrode connected

to an anode of the light emitting element, and the power
line is connected to the cathode of the light emitting
element.

6. The organic EL display device according to claim 5,

wherein each of the plurality of display pixels further
includes:

a first switch that switches between conduction and non-
conduction between a signal line for supplying a data
signal voltage and a first electrode of the second
capacitance element;

a second switch that switches between conduction and
nonconduction between the first electrode of the second
capacitance element and the second electrode of the
first capacitance element;

a third switch that switches between conduction and
nonconduction between a reference power line for
supplying a reference voltage and the second electrode
of the first capacitance element; and

a fourth switch that switches between conduction and
nonconduction between the source electrode of the
drive transistor and the anode of the light emitting
element,

each of the plurality of display pixels including: a light
emitting element; a first capacitance element that holds
a first voltage used to cause the light emitting element
to emit light; a drive transistor that causes the light
emitting element to emit light, by supplying a current
corresponding to the first voltage held in the first
capacitance element to the light emitting element; and
a second capacitance element that holds a second
voltage different from the first voltage held in the first
capacitance element, the second voltage being a next
voltage to be held in the first capacitance element,

the power line being connected to a drain electrode of the

drive transistor or a cathode of the light emitting
element, and

the method comprising:

adjusting the voltage applied to the power line to be lower
than the predetermined voltage, when a total sum of
current of the plurality of display pixels in the case
where a current corresponding to the second voltage is
supplied to the light emitting element in each of the
plurality of display pixels is greater than or equal to a
threshold; and
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causing the drive transistor to supply the current corre-
sponding to the second voltage held in the first capaci-
tance element to the light emitting element.

* % % ok &
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