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FIG. 7
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FIG. 12
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FIG. 13
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FIG. 16

Nth frame
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FIG. 19A
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FIG. 20B
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FIG. 24
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FIG. 26
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DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Patent
Application No. PCT/JP2011/003974 filed on Jul. 11, 2011,
designating the United States of America. The entire disclo-
sure of the above-identified application, including the speci-
fication, drawings and claims are incorporated herein by ref-
erence in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to active-matrix dis-
play devices which use current-driven luminescence ele-
ments represented by organic electroluminescence (EL) ele-
ments, and more particularly to a display device having
excellent power consumption reducing effect.

BACKGROUND ART

[0003] Ingeneral, the luminance of an organic electrolumi-
nescence (EL) element is dependent upon the drive current
supplied to the element, and the luminance of the lumines-
cence of the element increases in proportion to the drive
current. Therefore, the power consumption of displays made
up of organic EL. elements is determined by the average of
display luminance. Specifically, unlike liquid crystal dis-
plays, the power consumption of organic EL displays varies
significantly depending on the displayed image.

[0004] For example, in an organic EL display, the highest
power consumption is required when displaying an all-white
image, whereas, in the case of a typical natural image, power
consumption which is approximately 20 to 40% that for all-
white is considered to be sufficient.

[0005] However, because power source circuit design and
battery capacity entail designing which assumes the case
where the power consumption of a display becomes its high-
est, it is necessary to consider power consumption that is 3 to
4 times that for the typical natural image, and thus becoming
a hindrance to the lowering of power consumption and the
miniaturization of devices.

[0006] Inresponse there is conventionally proposed a tech-
nique which suppresses power consumption with practically
no drop in display luminance, by detecting the peak value of
video data and adjusting the cathode voltage of the organic
EL elements based on such detected data so as to reduce
power source voltage (for example, see Patent Reference 1).

CITATION LIST

Patent Literature

[0007] [Patent Literature 1] Japanese Unexamined Patent
Application Publication No. 2006-065148
SUMMARY OF INVENTION
Technical Problem

[0008] Now, since an organic EL, element is a current-
driven element, current flows through a power source wire
and a voltage drop which is proportionate to the wire resis-
tance occurs. As such, the power supply voltage to be sup-
plied to the display is set by adding a margin for a voltage
increase compensating for a voltage drop.

Jan. 17,2013

[0009] In the same manner as the previously described
power source circuit design and battery capacity, since the
power increase margin is set assuming the case where the
power consumption of the display becomes highest, unnec-
essary power is consumed for typical natural images.

[0010] In asmall-sized display intended for mobile device
use, panel current is small and thus, compared to the voltage
to be consumed by pixels, the voltage margin for a voltage
increase is negligibly small compared to the voltage con-
sumed in the pixel. However, when current increases with the
enlargement of panels, the voltage drop occurring in the
power source wire no longer becomes negligible.

[0011] However, in the conventional technique in the
above-mentioned Patent Reference 1, although power con-
sumption in each of the pixels can be reduced, the power
increase margin for a voltage drop cannot be reduced and thus
the power consumption reducing effect for household large-
sized display devices of 30-inches and above is insufficient.
[0012] The present disclosure is conceived in view of the
aforementioned problem and is to provide a display device
having excellent power consumption reducing effect.

Solution to Problem

[0013] 1In order to achieve the above, the display device
according to an aspect of the present disclosure is a display
device including: a power supply unit which supplies at least
a potential on a high-potential side or on a low-potential side;
a display unit including a plurality of pixels arranged in a
matrix along a first direction and a second direction that are
orthogonal to each other and which receives power supply
from the power supply unit; a potential detecting unit which
detects at least a potential on one of the high-potential side
and the low-potential side at a potential detecting point pro-
vided in each of pixels arranged in the display unit; and a
voltage regulating unit which regulates at least an output
potential on the high-potential side or the low-potential side
to be supplied from the power supply unit such that a potential
difference between (i) at least one of the potentials on the
high-potential side and on the low-potential side and (ii) a
reference potential reaches a predetermined potential differ-
ence, in which resistance of a power wire at each part between
adjacent pixels along the first direction is higher than resis-
tance of a power wire at each part between adjacent pixels
along the second direction, and an average distance between
adjacent potential detecting points along the first direction is
shorter than an average distance between adjacent potential
detecting points along the second direction.

Advantageous Effects of Invention

[0014] The present disclosure enables the implementation
of a display device having excellent power consumption
reducing effect and a method for driving the display device.

BRIEF DESCRIPTION OF DRAWINGS

[0015] These and other objects, advantages and features of
the disclosure will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
present disclosure. In the Drawings:

[0016] FIG. 1 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
1 of the present disclosure;
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[0017] FIG. 2 is a perspective view schematically illustrat-
ing the configuration of the organic EL display unit;

[0018] FIG.3isacircuit diagram illustrating an example of
a specific configuration of the pixel;

[0019] FIG. 4 is a block diagram showing an example of a
specific configuration of a variable-voltage source according
to the embodiment 1;

[0020] FIG. 5 is a flowchart illustrating an operation of the
display device according to the embodiment 1 of the present
disclosure;

[0021] FIG. 6 is a chart illustrating an example of the
required voltage conversion table referred by the voltage mar-
gin setting unit;

[0022] FIG. 7 is a chart illustrating an example of the volt-
age margin conversion table referred by the voltage margin
setting unit;

[0023] FIG. 8is a timing chart illustrating the operation of
the display device from the Nth frame to N+2th frame;
[0024] FIG. 9 is a perspective view schematically illustrat-
ing the image displayed on the organic EL display unit;
[0025] FIG. 10 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
2 of the present disclosure;

[0026] FIG.11 is ablock diagram showing an example of a
specific configuration of a variable-voltage source according
to the embodiment 2;

[0027] FIG.121is aflowchartillustrating an operation of the
display device according;

[0028] FIG. 13 is a chart illustrating an example of the
required voltage conversion table included in the signal pro-
cessing circuit;

[0029] FIG. 14 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
3;

[0030] FIG.15is ablock diagram showing an example of a
specific configuration of a variable-voltage source according
to the embodiment 3;

[0031] FIG. 16 is a timing chart illustrating the operation of
the display device from the Nth frame to N+2th frame;
[0032] FIG. 17 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
4
[0033] FIG. 18 is a block diagram showing another
example of an outline configuration of the display device
according to the embodiment 4;

[0034] FIG.19A is a diagram schematically illustrating an
example of the image displayed on the organic EL display
unit;

[0035] FIG. 19B is a graph illustrating the amount of volt-
age drop in the first power source wire along the line x-x';
[0036] FIG. 20A is a diagram schematically illustrating
another example of the image displayed on the organic EL
display unit;

[0037] FIG. 20B is a graph illustrating the amount of volt-
age drop in the first power source wire along the line x-x";
[0038] FIG. 21 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
55

[0039] FIG.22is a graph illustrating luminance of the light
emitted from a regular pixel and luminance of the light emit-
ted from a pixel having a monitor wire, corresponding to
gradation levels of the video data;

[0040] FIG. 23 is a diagram schematically illustrates an
image with line defects.
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[0041] FIG. 24 is a graph illustrating current-voltage char-
acteristics of the drive transistor and current-voltage charac-
teristics of the organic EL element;

[0042] FIG. 25 illustrates the layout of the detecting points
in the organic EL display unit according to the embodiment 6;
[0043] FIG. 26 illustrates the layout of the detecting points
in the display unit in an embodiment for comparison;

[0044] FIG. 27A illustrates the layout of the detecting
points in the organic EL display unit according to the varia-
tion 1 in the embodiment 6;

[0045] FIG. 27B illustrates the layout of the detecting
points in the organic EL display unit according to the varia-
tion 1 in the embodiment 6;

[0046] FIG. 28 illustrates the layout of the detecting points
in the organic EL display unit according to the variation 2 in
the embodiment 6;

[0047] FIG. 29 illustrates the simulation results of the
amount of voltage drop in the organic EL display unit accord-
ing to the embodiment 6; and

[0048] FIG. 30 is an external view of a thin flat TV incor-
porating the display device according to the present disclo-
sure.

DESCRIPTION OF EMBODIMENTS

[0049] The display device according to an aspect of the
present disclosure is a display device including: a power
supply unit which supplies at least a potential on a high-
potential side or on a low-potential side; a display unit includ-
ing a plurality of pixels arranged in a matrix along a first
direction and a second direction that are orthogonal to each
other and which receives power supply from the power supply
unit; a potential detecting unit which detects at least a poten-
tial on one of the high-potential side and the low-potential
side at a potential detecting point provided in each of pixels
arranged in the display unit; and a voltage regulating unit
which regulates at least an output potential on the high-po-
tential side or the low-potential side to be supplied from the
power supply unit such that a potential difference between (i)
at least one of the potentials on the high-potential side and on
the low-potential side and (i1) a reference potential reaches a
predetermined potential difference, in which resistance of a
power wire at each part between adjacent pixels along the first
direction is higher than resistance of a power wire at each part
between adjacent pixels along the second direction, and an
average distance between adjacent potential detecting points
along the first direction is shorter than an average distance
between adjacent potential detecting points along the second
direction.

[0050] The potential detection points arranged appropri-
ately allow effective highly accurate monitoring of the distri-
bution of the amount of voltage drop caused by the power
wire resistance network, and achieve maximum power con-
sumption reduction effect while maintaining the quality of
the image displayed on the display device. Furthermore, it is
possible to suppress the increase in cost by providing the
potential detecting line.

[0051] The display device according to an aspect of the
present disclosure may include: a power supply unit which
supplies at least a potential on a high-potential side or on a
low-potential side; a display unit including a plurality of
pixels arranged in a matrix along a first direction and a second
direction that are orthogonal to each other and which receives
power supply from the power supply unit; a potential detect-
ing unit which detects at least a potential on one of the high-
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potential side and the low-potential side at a potential detect-
ing point provided in each of pixels arranged in the display
unit; and a voltage regulating unit which regulates at least an
output potential on the high-potential side or the low-poten-
tial side to be supplied from the power supply unit such that a
potential difference between (i) at least one of the potentials
on the high-potential side and on the low-potential side and
(ii) a reference potential reaches a predetermined potential
difference, in which resistance of a power wire at each part
between adjacent pixels along the first direction is higher than
resistance of a power wire at each part between adjacent
pixels along the second direction, and a plurality of first
divided regions are set by equally dividing the display unit in
the second direction, a plurality of second divided regions are
set by equally dividing the display unit in the first direction,
and an average distance between adjacent potential detecting
points along the first direction in one of the first divided
regions including the potential detecting points is shorter than
an average distance between the adjacent potential detecting
points along the second direction in one of the second divided
regions including the potential detecting points.

[0052] The display device according to an aspect of the
present disclosure may include: a power supply unit which
supplies at least a potential on a high-potential side or on a
low-potential side; a display unit including a plurality of
pixels arranged in a matrix along a first direction and a second
direction that are orthogonal to each other and which receives
power supply from the power supply unit; a potential detect-
ing unit which detects at least a potential on one of the high-
potential side and the low-potential side at a potential detect-
ing point provided in each of pixels arranged in the display
unit; and a voltage regulating unit which regulates at least an
output potential on the high-potential side or the low-poten-
tial side to be supplied from the power supply unit such that a
potential difference between (1) at least one of the potentials
on the high-potential side and on the low-potential side and
(i1) a reference potential reaches a predetermined potential
difference, in which resistance of a power wire at each part
between adjacent pixels along the first direction is higher than
resistance of a power wire at each part between adjacent
pixels along the second direction, and a first detection divided
region including the potential detecting point is set among a
plurality of first divided regions that are set by equally divid-
ing the display unit in the second direction, a second detection
divided region including the potential detecting point is set
among a plurality of second divided regions that are set by
equally dividing the display unit in the first direction, and with
respect to an average coordinate in the second direction cal-
culated for one or more of the potential detecting points
included in the first detection divided region and an average
coordinate in the first direction calculated for one or more of
the potential detecting points included in the second detection
divided region, a first adjacent distance calculated by averag-
ing differences in the average coordinates in adjacent first
detection divided regions for all of the first detection divided
regions is longer than a second adjacent distance calculated
by averaging differences in the average coordinates between
adjacent second detection divided regions for all of the sec-
ond detection divided regions.

[0053] According to the condition for arranging the poten-
tial detecting points described above, even if the potential
detecting points are not provided in straight line in the first
direction and the second direction, it is possible to suppress
the increase in cost by providing multiple potential detecting
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points, and to achieve maximum power consumption reduc-
tion effect while maintaining the image quality.

[0054] Furthermore, an aspect ofthe display device accord-
ing to the present disclosure may include a plurality of detect-
ing lines for transmitting, to the potential detecting unit,
potentials on the high-potential side or on the low-potential
side, the potentials being detected at a plurality of the poten-
tial detecting points, in which the detecting lines include at
least one of: three or more high-potential detecting lines for
transmitting high-potential side potentials applied to three or
more of the pixels, and three or more low-potential detecting
lines for transmitting low-potential side potentials applied to
three or more of the pixels, and at least one of (i) the high-
potential detecting lines and (ii) the low-potential detecting
lines are arranged such that an interval between adjacent
detecting lines is identical.

[0055] With this configuration, it is possible to adjust one of
the output potential on the high-potential side from the power
supply unit and the output potential on the low-potential side
from the power supply unit more appropriately, and can effec-
tively reduce the power consumption even when the size of
the display unit is increased. Furthermore, since the detecting
lines are provided at an equal interval, the layout of the wires
in the display unit can be cyclic, which increases the manu-
facturing efficiency.

[0056] Furthermore, in an aspect of the display device
according to the present disclosure, each of the pixels may
include: a driver including a source electrode and a drain
electrode; and a light-emitting element including a first elec-
trode and a second electrode, the first electrode is connected
to one of the source electrode and the drain electrode of the
driver, a potential on the high-potential side is applied to one
of (i) the other of the source electrode and the drain electrode
and (ii) the second electrode, and a potential on the low-
potential side is applied to the other of (i) the other of the
source electrode and the drain electrode and (ii) the second
electrode.

[0057] Furthermore, an aspect of the display device accord-
ing to the present disclosure may include a first power line for
electrically connecting the other of the source electrodes and
the drain electrodes of the drivers included in pixels adjacent
in at least one of the first direction and the second direction;
and a second power line for electrically connecting the second
electrodes of the light-emitting elements included in pixels
adjacent in the first direction and for electrically connecting
the second electrodes of the light-emitting elements included
in pixels adjacent in the second direction, in which the pixels
receive power supply from the power supply unit through the
first power line and the second power line.

[0058] Furthermore, in an aspect of the display device
according to the present disclosure, the light-emitting ele-
ment may be an organic EL element.

[0059] With this, the heat is suppressed along the decrease
in the power consumption. Therefore, the degradation in the
organic EL element can be suppressed.

[0060] The following shall describe the exemplary embodi-
ments of the present disclosure with reference to the draw-
ings. In the embodiments 1 to 5, configurations of the display
devices for achieving the power consumption reducing effect
shall be described. In the embodiment 6, a configuration of
the display unit in the display device for maximizing the
power consumption reducing effects shall be described. Note
that, in all the figures, the same reference numerals are given
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to the same or corresponding elements and redundant
description thereof shall be omitted.

Embodiment 1

[0061] The following shall specifically describe a mini-
mum configuration for the display device to achieve the
power consumption reducing effects, in which one detecting
point (M1) is included, and is connected to a monitor wire
(also referred to as detecting line).

[0062] FIG. 1 1is a block diagram showing an outline con-
figuration of the display device according to the embodiment
1 of the present disclosure.

[0063] A display device 50 shown in the figure includes an
organic EL display unit 110, a data line driving circuit 120, a
write scan driving circuit 130, a control circuit 140, a signal
processing circuit 165, a largest value detecting circuit 170
composed of a potential difference detecting circuit 170A, a
variable-voltage source 180, and a monitor wire 190.

[0064] FIG. 2 is a perspective view schematically illustrat-
ing the configuration of the organic EL display unit 110. Note
that the lower portion of the figure is the display screen side.
[0065] As shown in the figure, the organic EL display unit
110 includes pixels 111, a first power source wire 112, and a
second power source wire 113.

[0066] Each pixel 111 is connected to the first power source
wire 112 and the second power source wire 113, and emits
light at a luminance that is in accordance with a pixel current
ipix that flows to the pixel 111. At least one predetermined
pixel out of the pixels 111 is connected to the monitor wire
190 at a detecting point M1. In the following description, a
pixel directly connected to monitor wire 190 is referred to as
a monitor pixel 111M. The monitor pixel 111M is provided,
for example, near the center of the organic EL display unit
110. Note that, an area near the center includes the center and
a peripheral part around the center.

[0067] The first power source wire 112 is arranged in a
net-like manner, a potential corresponding to a high-potential
side potential output from the variable-voltage source 180 is
applied. The second power source wire 113 is formed in the
form of a continuous film on the organic EL display unit 110,
and a potential corresponding to a low-potential side potential
output from the variable-voltage source 180 is applied from
the peripheral part of the organic EL display unit 110. In FIG.
2, the first power source wire 112 and the second power
source wire 113 are schematically illustrated in mesh-form in
order to show the resistance components of the first power
source wire 112 and the second power source wire 113. Note
that, the second power supply wire 113 may be a ground line,
for example, and may be grounded to a common ground
potential of the display device 50 at the peripheral part of the
organic EL display unit 110.

[0068] Inthe first power source wire 112, horizontal power
source wire resistance R1% and vertical power source wire
resistance R1v exist. In the second power source wire 113,
horizontal power source wire resistance R2% and vertical
power source wire resistance R2v exist. Noted that, although
notillustrated, each of the pixels 111 is connected to the write
scan driving circuit 130 and the data line driving circuit 120,
and is also connected to a scanning line for controlling the
timing at which the pixel emits light and stops producing
luminescence, and to a data line for supplying signal voltage
corresponding to the luminance of light emitted from the
pixel 111.
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[0069] FIG. 3 isacircuit diagram illustrating an example of
a specific configuration of the pixel 111.

[0070] The pixel 111 includes a driver and a luminescence
element. The driver includes a source electrode and a drain
electrode. The luminescence element includes a first elec-
trode and a second electrode, and the first electrode is con-
nected to one of the source electrode and the drain electrode
of the driver. The high-side potential is applied to one of (i) the
other of the source electrode and the drain electrode and (ii)
the second electrode, and the low-side potential is applied to
the other of (i) the other of the source electrode and the drain
electrode and (ii) the second electrode. Specifically, each of
the pixels 111 includes an organic EL element 121, a data line
122, a scanning line 123, a switch transistor 124, a driving
transistor 125, and a capacitor 126. The monitor pixels 111
are, for example, arranged in a matrix in the organic EL
display unit 110.

[0071] The organic EL element 121 is an example of a
light-emitting element having an anode electrode connected
to the drain electrode of the driving transistor 125 and a
cathode electrode connected to the second power source wire
113, and emits light with a luminance that is in accordance
with the current value flowing between the anode and the
cathode. The cathode-side electrode of the organic EL ele-
ment 121 forms part of a common electrode provided in
common to the pixels 111. The common electrode is electri-
cally connected to the variable-voltage source 180 so that
potential is applied to the common electrode from the periph-
eral part thereof. Specifically, the common electrode func-
tions as the second power source wire 113 in the organic EL
display unit 110. Furthermore, the cathode-side electrode is
formed of a transparent conductive material made of a metal-
lic oxide. Note that, the electrode on the anode side of the
organic EL element 121 is an example of the first electrode of
the present disclosure, and the electrode on the cathode side
of the organic EL element 121 is an example of the second
electrode of the present disclosure.

[0072] The data line 122 is connected to the data line driv-
ing circuit 120 and one of the source electrode and the drain
electrode of the switch transistor 124, and signal voltage
corresponding to video data is applied to the data line 122 by
the data line driving circuit 120.

[0073] The scanning line 123 is connected to the write scan
driving circuit 130 and the gate electrode of the switch tran-
sistor 124, and turns the switching transistor 124 on and off
according to the voltage applied by the write scan driving
circuit 130.

[0074] The switching transistor 124 has one of a source
electrode and a drain electrode connected to the data line 122,
the other of the source electrode and the drain electrode
connected to the gate electrode of the driving transistor 125
and one end of the capacitor 126, and is, for example, a p-type
thin-film transistor (TFT).

[0075] The driving transistor 125 is a driver according the
present disclosure, and having a source electrode connected
to first power source wire 112, a drain electrode connected to
the anode electrode of the organic EL element 121, and a gate
electrode connected to the one end of the capacitor 126 and
the other of the source electrode and the drain electrode of the
switching transistor 124, and is, for example, a p-type TFT.
With this, the driving transistor 125 supplies the organic EL
element 121 with current that is in accordance with the volt-



US 2013/0016086 A1

age held in the capacitor 126. In the monitor pixel 111M, the
source electrode of the driving transistor 125 is connected to
the monitor wire 190.

[0076] The capacitor 126 has one end connected to the
other of the source electrode and the drain electrode of the
switch transistor 124, and the other end connected to the first
power source wire 112, and holds the potential difference
between the potential of the first power source wire 112 and
the potential of the gate electrode of the driving transistor 125
when the switch transistor 124 becomes non-conductive.
Specifically, the capacitor 126 holds a voltage corresponding
to the signal voltage.

[0077] Thedata line driving circuit 120 outputs signal volt-
age corresponding to video data, to the pixels 111 via the data
lines 122.

[0078] The write scan driving circuit 130 sequentially
scans the pixels 111 by outputting a scanning signal to scan-
ning lines 123. Specifically, the switch transistors 124 are
switched on and off per row. With this, the signal voltages
outputted to the data lines 122 are applied to the pixels 111 in
the row selected by the write scan driving circuit 130. There-
fore, the pixels 111 emit light with a luminance that is in
accordance with the video data.

[0079] The control circuit 140 instructs the drive timing to
each of the data line driving circuit 120 and the write scan
driving circuit 130.

[0080] The signal processing circuit 165 outputs the signal
voltage corresponding to the input video data to the data line
driving circuit 120.

[0081] The potential difference detecting circuit 170A
detects, with regard to the monitor pixel 111M, the potential
on the high-potential side applied to the monitor pixel 111M.
Specifically, the potential difference detecting circuit 170A
measures, via the monitor wire 190, a potential on the high-
potential side applied to the monitor pixel 111M. Stated dif-
ferently, the potential at the detecting point M1 is measured.
Subsequently, the potential difference detecting circuit 170A
measures the output potential on the high-potential side from
the variable-voltage source 180, and calculates the potential
difference AV between the measured high-potential side
potential applied to the monitor pixel 111 and the output
potential on the high-potential side from the variable-voltage
source 180. The potential difference detecting circuit 170A
outputs the measured potential difference AV to the voltage
margin setting unit 175.

[0082] The voltage margin setting unit 175 is a voltage
regulating unit according to the embodiment 1, and regulates
the variable-voltage source 180 such that the potential the
potential on the monitor pixel 111M is a predetermined
potential, using the (VEL+VTFT) voltage at the peak grada-
tion level and the potential difference AV detected by the
potential different detecting circuit 170A. More specifically,
the signal processing circuit 165 calculates the voltage mar-
gin Vdrop based on the potential difference detected by the
potential difference detecting circuit 170A. Subsequently, a
sum of the (VEL+VTFT) voltage at the peak gradation level
and the voltage margin Vdrop are calculated, and the result
VEL+VTFT+Vdrop is output to the variable-voltage source
180 as the voltage of the first reference voltage Vrefl A.
[0083] The variable-voltage source 180 is a power supply
unit in the present disclosure, and outputs the potential on the
high potential side and the potential on the low potential side
to the organic EL display unit 110. The variable-voltage
source 180 outputs an output voltage Vout setting the poten-
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tial on the high-potential side of the monitor pixel 111M to a
predetermined potential difference (VEL+VTET), using the
first reference voltage Vrefl output by the voltage margin
setting unit 175.

[0084] The monitor wire 190 has one end connected to the
monitor pixel 111M and the other end connected to the poten-
tial difference detecting circuit 170, and transmits the high-
side potential applied to the monitor pixel 111M.

[0085] Next, a detailed configuration of the variable-volt-
age source 180 shall be briefly described.

[0086] FIG. 4is a block diagram showing an example of a
specific configuration of a variable-voltage source according
to the embodiment 1. Note that the organic EL display unit
110 and the voltage margin setting unit 175 which are con-
nected to the variable-voltage source are also shown in the
figure.

[0087] The variable-voltage source 180 shown in the figure
includes a comparison circuit 181, a pulse width modulation
(PWM) circuit 182, a drive circuit 183, a switch SW, a diode
D, an inductor L, a capacitor C, and an output terminal 184,
and converts an input voltage Vin into an output voltage Vout
which is in accordance with the first reference voltage Vrefl,
and outputs the output voltage Vout from the output terminal
184. 1t is to be noted that, although not illustrated, an AC-DC
converter is provided in a stage ahead of an input terminal to
which the input voltage Vin is inputted, and itis assumed that
conversion, for example, from 100 V AC to 20 V DC has
already been carried out.

[0088] The comparison circuit 181 includes an output
detecting unit 185 and an error amplifier 186, and outputs a
voltage that is in accordance with the difference between the
output voltage Vout and the first reference voltage Vrefl, to
the PWM circuit 182.

[0089] The output detecting unit 185, which includes two
resistors R1 and R2 provided between the output terminal 184
and a grounding potential, divides the output voltage Vout in
accordance with the resistance ratio between the resistors R1
and R2, and outputs the voltage-divided output voltage Vout
to the error amplifier 186.

[0090] The error amplifier 186 compares the Vout that has
been divided by the output detection unit 185 and the first
reference voltage Vrefl A outputted by the voltage margin
setting unit 175, and outputs, to the PWM circuit 182, a
voltage that is in accordance with the comparison result.
Specifically, the error amplifier 186 includes an operational
amplifier 187 and resistors R3 and R4. The operational ampli-
fier 187 has an inverting input terminal connected to the
output detecting unit 185 via the resistor R3, a non-inverting
input terminal connected to the voltage margin setting unit
175, and an output terminal connected to the PWM circuit
182. Furthermore, the output terminal of the operational
amplifier 187 is connected to the inverting input terminal via
the resistor R4. With this, the error amplifier 186 outputs, to
the PWM circuit 182, a voltage that is in accordance with the
potential difference between the voltage inputted from the
output detecting unit 185 and the first reference voltage
VreflA inputted from the signal processing circuit 165.
Stated differently, the error amplifier 186 outputs, to the
PWM circuit 182, a voltage that is in accordance with the
potential difference between the output voltage Vout and the
first reference voltage VreflA.

[0091] The PWM circuit 182 outputs, to the drive circuit
183, pulse waveforms having different duties depending on
the voltage outputted by the comparison circuit 181. Specifi-
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cally, the PWM circuit 182 outputs a pulse waveform having
along ON duty when the voltage outputted by the comparison
circuit 181 is large, and outputs a pulse waveform having a
short ON duty when the outputted voltage is small. Specifi-
cally, the PWM circuit 182 outputs a pulse waveform having
a long ON duty when the potential difference between the
output voltage Vout and the first reference voltage VreflA is
large, and outputs a pulse waveform having a short ON duty
when the potential difference between the output voltage Vout
and the first reference voltage Vref1A is small. Itis to benoted
that the ON period of a pulse waveform is a period in which
the pulse waveform is active.

[0092] The drive circuit 183 turns on the switch SW during
the period in which the pulse waveform outputted by the
PWDM circuit 182 is active, and turns off the switch SW during
the period in which the pulse waveform outputted by the
PWM circuit 182 is inactive.

[0093] The switch SW is switched on and off by the drive
circuit 183. The input voltage Vin is outputted, as the output
voltage Vout, to the output terminal 184 via the inductor L and
the capacitor C only while the switch is on. Accordingly, from
0V, the output voltage Vout gradually approaches 20V (Vin).
At this time the inductor L and the capacitor C are charged.
Since voltage is applied (charged) to both ends of the inductor
L, the output voltage Vout becomes a potential which is lower
than the input voltage Vin by such voltage.

[0094] As the output voltage Vout approaches the first ref-
erence voltage VreflA, the voltage inputted to the PWM
circuit 182 becomes smaller, and the on-duty of the pulse
signal outputted by the PWM circuit 182 becomes shorter.
[0095] Then, the time in which the switch SW is turned on
also becomes shorter, and the output voltage Vout gradually
converges with the first reference voltage VreflA.

[0096] The potential of the output voltage Vout, while hav-
ing slight voltage fluctuations, eventually settles to a potential
in the vicinity of Vout=VreflA.

[0097] Inthis manner, the variable-voltage source 180 gen-
erates the output voltage Vout which becomes the first refer-
ence voltage Vrefl A outputted by the signal processing cir-
cuit 160, and supplies the output voltage Vout to the organic
EL display unit 110.

[0098] Next, the operation of the aforementioned display
device 50 shall be described using FIGS. 5 to 7.

[0099] FIG. 5 is a flowchart illustrating an operation of the
display device 50 according to the embodiment 1.

[0100] First, the voltage margin setting unit 175 reads the
voltage (VEL+VTFT) corresponding to the peak gradation
level from the memory (step S10). Specifically, the voltage
margin setting unit 175 determines the VIFT+VEL corre-
sponding to the gradation levels for each color, using a
required voltage conversion table indicating the required volt-
age VIFT+VEL corresponding to the gradation levels for
each color.

[0101] FIG. 6 is a chart illustrating an example of the
required voltage conversion table referred by the signal pro-
cessing circuit 175.

[0102] Asillustrated in FIG. 6, the required voltage VIFT+
VEL corresponding to the peak gradation level (level 255) are
stored in the required voltage conversion table. For example,
the required voltage for the peak gradation level of R is 11.2
V, the required voltage for the peak gradation level of G is
12.2'V, and the required voltage for the peak gradation level of
B is 8.4 V. Among the required voltages corresponding to the
peak gradation levels of the respective colors, the largest
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voltage is 12.2'V for G. Therefore, the voltage margin setting
unit 175 determines VIFT+VEL to be 12.2 V.

[0103] The potential difference detecting circuit 170A
detects the potential at the detecting point M1 via the monitor
wire 190 (step S14).

[0104] Next, the potential difference detecting circuit 170 A
detects the potential difference AV which is the difference
between the potential at the output terminal 184 of the vari-
able-voltage source 180 and the potential at the detecting
point M1 (step S15). The potential difference detecting cir-
cuit170A outputs the measured potential difference AV to the
voltage margin setting unit 175.

[0105] Next, thevoltage margin setting unit 175 determines
the voltage margin Vdrop corresponding to the potential dif-
ference AV detected by the potential difference detecting
circuit 170A from the potential difference signal output from
the potential difference detecting circuit 170A. More specifi-
cally, the voltage margin setting unit 175 includes a voltage
margin conversion table corresponding to the potential dif-
ference AV.

[0106] FIG. 7 is a chart illustrating an example of the volt-
age margin conversion table referred by the voltage margin
setting unit 175.

[0107] Asillustrated in FIG. 11, in the voltage margin con-
version table, the voltage margins Vdrop corresponding to the
potential differences AV are stored. For example, when the
potential difference AV is 3.4 V, the voltage margin Vdrop is
3.4 V. Therefore, the voltage margin setting unit 175 deter-
mines the voltage drop margin Vdrop to be 3.4 V.

[0108] As shown in the voltage margin conversion table,
the relationship between the potential difference AV and the
voltage margin Vdrop is an increasing function. Furthermore,
the output voltage Vout of the variable-voltage source 180
rises with a bigger voltage drop margin Vdrop. In other
words, the relationship between the potential difference AV
and the output voltage Vout is an increasing function.

[0109] Next, the voltage margin setting unit 175 determines
the output voltage Vout to be output by the variable-voltage
source 180 in the next frame period (step S17). More specifi-
cally, the output voltage Vout to be output by the variable-
voltage source 180 in the next frame period is set to be
VTFT+VEL+Vdrop which is a sum of VIFT+VEL which is
the voltage required for the organic EL element 121 and the
drive transistor 125 determined in step S13 and the voltage
margin Vdrop corresponding to VIFT+VEL and the potential
difference AV determined in step S15.

[0110] Finally, the voltage margin setting unit 175 regu-
lates the variable-voltage source 180 by setting the first ref-
erence voltage Vrefl A as VTFT+VEL+Vdrop at the begin-
ning of the next frame period (step S18). With this, in the next
frame period, the variable-voltage source 180 supplies
Vout=VTFT+VEL+Vdrop to the organic EL display unit 110.
[0111] As described above, the display device 50 according
to the embodiment is configured as a minimum configuration
for achieving the power consumption reducing effect. More
specifically, the display device 100 according to the embodi-
ment 1 includes the variable-voltage source 180, the potential
difference detecting circuit 170A, and the voltage margin
setting unit 175. The variable-voltage source 180 outputs the
potential difference between the potential on the positive
electrode side and the potential on the negative electrode side
as the power source voltage. The potential difference detect-
ing circuit 170A detects the potential on the high-potential
side applied to the monitor pixel 111M and high-potential
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side output voltage Vout from the variable voltage source 180
for the monitor pixel 111M. The voltage margin setting unit
175 regulates the variable-voltage source 180 such that the
high-potential side potential to be applied to the monitor pixel
111M measured by the potential difference detecting circuit
170 to the predetermined potential (VIFT+VEL). Further-
more, the potential difference detecting circuit 170A mea-
sures the output voltage Vout on the high-potential side of the
variable-voltage source 180, detects the potential difference
between the measured output voltage Vout on the high-poten-
tial side and the potential on the high-potential side applied to
the monitor pixel 111M, and regulates the variable-voltage
source depending on the potential difference detected by the
potential difference detecting circuit 170A.

[0112] With this, the display device 50 detects the voltage
drop by the horizontal power source wire resistance R1% and
the vertical power source wire resistance R1v, and feeds the
degree of voltage drop back to the variable-voltage source
180. With this, excess in the supply voltage can be reduced,
reducing the power consumption.

[0113] Inthe display device 50, the monitor pixel 111M is
provided near the center of the organic EL display unit 110.
Accordingly, even if the size of the organic EL display unit
110 is increased, the output voltage Vout from the variable-
voltage source 180 can be easily regulated.

[0114] Furthermore, by reducing the power consumption,
the heat generated by the organic EL device 121 is sup-
pressed, thereby preventing the degradation of the organic EL
element 121.

[0115] Next, in the display device 50 described above, the
transition of the display pattern when the input video data
changes at or before the Nth frame and at or after the n+1th
frame shall be described with reference to FIGS. 8 and 9.
[0116] First, the video data that is assumed to have been
inputted in the Nth frame and the N+1th frame shall be
described.

[0117] First, it is assumed that, up to the Nth frame, the
video data corresponding to the central part of the organic EL
display unit 110 is a peak gradation level (R:G:B=255:255:
255) in which the central part of the organic EL display unit
110 is seen as being white. On the other hand, it is assumed
that the video data corresponding to a part of the organic EL
display unit 110 other than the central part is a gray gradation
level (R:G:B=50:50:50) in which the part of the organic EL
display unit 110 other than the central part is seen as being
gray.

[0118] Furthermore, from the N+1th frame onward, it is
assumed that the video data corresponding to the central part
of the organic EL display unit 110 is the peak gradation level
(R:G:B=255:255:255) as in the Nth frame. On the other hand,
it is assumed that the video data corresponding to the part of
the organic EL display unit 110 other than the central part is
a gray gradation level (R:G:B=150:150:150) that can be seen
as a brighter gray than in the Nth frame.

[0119] Next, the operation of the display device 50 in the
case where video data as described above is inputted in the
Nth frame and the N+1th frame shall be described.

[0120] FIG. 8isa timing chart showing the operation of the
display device 50 from the Nth frame to the N+2th frame.
[0121] FIG. 8 illustrates the potential difference AV
detected by the potential difference detecting circuit 170A, an
output voltage Vout from the variable-voltage source 180, and
the luminance of the monitor pixel 111M. Furthermore, a
blanking period is provided at the end of each frame period.
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[0122] FIG. 9 is diagram schematically showing images
displayed on the organic EL display unit.

[0123] In time t=T10, the signal processing circuit 165
inputs the video data for the N frame. The voltage margin
setting unit 175 sets the required voltage 12.2 V for the peak
gradation level of G, using the required voltage conversion
table.

[0124] Meanwhile, the potential difference detecting cir-
cuit 170A detects the potential at the detecting point M1 via
the monitor wire 190, and detects the potential difference AV
which is the difference between the aforementioned potential
and the output voltage Vout outputted from the variable-
voltage source 180. For example, AV=1V is detected in time
t=T10. Subsequently, the voltage margin Vdrop in the N+1th
frame is determined as 1V, using the voltage margin conver-
sion table.

[0125] A time t=T10 to T11 is the blanking period of the
Nth frame. In this period, an image which is the same as that
in the time t=T10 is displayed in the organic EL display umit
110.

[0126] (a) in FIG. 9 schematically shows an image dis-
played on the organic EL display unit 110 in time t=T10 to
T11. In this period, the image displayed on the organic EL
display unit 110 corresponds to the image data of the Nth
frame, and thus the central part is white and the part other than
the central part is gray.

[0127] In time t=T11, the voltage margin setting unit 175
sets the voltage of the first reference voltage VreflA as the
sum of VIFT+VEL+Vdrop (for example, 13.2 V) of the
voltage (VIFT+VEL) and the voltage drop margin Vdrop.

[0128] Over atime t=T11 to T16, the image corresponding
to the video data of the N+1th frame is sequentially displayed
onthe organic EL display unit 110 ((b) to (f) in FIG. 9). At this
time, the output voltage Vout from the variable-voltage source
180 is, at all times, the VIFT+VEL+Vdrop set to the voltage
of the first reference voltage Vrefl A in time t=T11. However,
the video data corresponding to the part of the organic EL
display unit 110 other than the central part is a gray gradation
level that can be seen as a gray that is brighter than that in the
Nth frame. Therefore, the amount of current supplied by the
variable-voltage source 180 to the organic EL display unit
110 gradually increases over a time t=T11 to T16, and the
voltage drop in the first power source wire 112 gradually
increase following this increase in the amount of current.
With this, there is a shortage of power source voltage for the
pixels 111 in the central part of the organic EL display unit
110, which are the pixels 111 in a brightly displayed region.
Stated differently, luminance drops below the image corre-
sponding to the video data R:G:B=255:255:255 of the N+1th
frame. Specifically, over the time t=T11 to T16, the lumi-
nance of light emitted from the pixels 111 at the central part
of the organic EL display unit 110 gradually drops.

[0129] Next, in time t=T16, the signal processing circuit
165 inputs the video data for the N+1th frame. The voltage
margin setting unit 175 continuously sets the required voltage
12.2 V for the peak gradation level of G as the voltage
(VIFT+VEL), using the required voltage conversion table.

[0130] Meanwhile, the potential difference detecting cir-
cuit 170A detects the potential at the detecting point M1 via
the monitor wire 190, and detects the potential difference AV
which is the difference between the aforementioned potential
and the output voltage Vout outputted from the variable-
voltage source 180. For example, AV=3V is detected in time
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t=T16. Subsequently, the voltage margin Vdrop in the N+1th
frame is determined as 3 V, using the voltage margin convet-
sion table.

[0131] In time t=T17, the voltage margin setting unit 175
sets the voltage of the first reference voltage VreflA as the
sum of VIFT+VEL+Vdrop (for example, 15.2 V) of the
voltage (VIFT+VEL) and the voltage drop margin Vdrop.
Therefore, from the time t=17 onward, the potential differ-
ence between the anode side and the cathode side of the
monitor pixel 111M is VIFT+VEL which is the predeter-
mined potential.

[0132] In this manner, in the display device 50, although
luminance temporarily drops in the N+1th frame, this is a very
short period and thus has practically no impact on the user.

Embodiment 2

[0133] A display device according to the embodiment 2
differs from the display device according to the embodiment
1 in that, not only the reference voltage input to the variable
voltage source changes depending on the change in the poten-
tial difference AV detected by the potential difference detect-
ing circuit, but also changes depending on peak signals each
detected for a frame of the input video data. Note that, in the
following description, description for the components iden-
tical to the embodiment 1 shall be omitted, and the description
shall be made focusing on the difference from the embodi-
ment 1. Furthermore, with regard to the drawing overlapping
the drawing in the embodiment 1, the drawing applied to the
embodiment 1 shall be used.

[0134] The following shall specifically describe a mini-
mum configuration for the display device to achieve the
power consumption reducing effects, in which one detecting
point (M1) is included, and is connected to a monitor wire
(also referred to as detecting line).

[0135] FIG. 10 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
2 of the present disclosure.

[0136] A display device 100 shown in the figure includes an
organic EL display unit 110, a data line driving circuit 120, a
write scan driving circuit 130, a control circuit 140, a peak
signal detecting circuit 150, a signal processing circuit 160, a
largest value detecting circuit 170 configured of a potential
difference detecting circuit 170A, a variable-voltage source
180, and a monitor wire 190.

[0137] The description for the organic EL display unit 110
shall be omitted, since the configuration of the organic EL
display unit 110 is identical to the configuration illustrated in
FIGS. 2 and 3 in the embodiment 1.

[0138] The peak signal detecting circuit 150 detects the
peak value of the video data input to the display device 100,
and outputs a peak signal indicating the detected peak signal
to the signal processing circuit 160. More specifically, the
peak signal detecting circuit 150 detects the data with highest
gradation level among the video data as the peak value. High
gradation level data corresponds to an image that is to be
displayed brightly by the organic EL display unit 110.
[0139] The signal processing circuit 160 regulates the vari-
able-voltage source 180 such that the potential at the monitor
pixel 111M to the predetermined potential, using the peak
signal output from the peak signal detecting circuit 150 and
the potential difference AV detected by the potential different
detecting circuit 170. More specifically, the signal processing
circuit 160 determines the voltage required for the organic EL
element 121 and the driving transistor 125 when the peak
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signal output from the peak signal detecting circuit 150 is
used to emit light from the pixel 111. The signal processing
circuit 160 calculates a voltage margin based on the potential
difference detected by the potential difference detecting cir-
cuit 170A. Subsequently, a sum of the voltage VEL required
for the organic EL element 121 and the voltage VTFT
required for the driving transistor 125, and the voltage margin
Vdrop thatare determined is calculated, and the result, that is,
VEL+VTFT+Vdrop is output to the variable-voltage source
180 as the voltage of the first reference voltage Vrefl.
[0140] The signal processing circuit 160 outputs the signal
voltage corresponding to the video data input through the
peak signal detecting circuit 150 to the data line driving
circuit 120,

[0141] The potential difference detecting circuit 170A
detects, with regard to the monitor pixel 111M, the potential
on the high-potential side applied to the monitor pixel 111M.
Specifically, the potential difference detecting circuit 170A
measures, via the monitor wire 190, a potential on the high-
potential side applied to the monitor pixel 111M. Stated dif-
ferently, the potential at the detecting point M1 is measured.
Subsequently, the potential difference detecting circuit 170A
measures the output potential on the high-potential side from
the variable-voltage source 180, and calculates the potential
difference AV between the measured high-potential side
potential applied to the monitor pixel 111 and the output
potential on the high-potential side from the variable-voltage
source 180. Subsequently, the potential difference detecting
circuit 170A outputs the measured potential difference AV to
the signal processing circuit 160.

[0142] The variable-voltage source 180 is a power supply
unit in the present disclosure, and outputs the potential on the
high potential side and the potential on the low potential side
to the organic EL display unit 110. The variable-voltage
source 180 outputs an output voltage Vout setting the poten-
tial on the high-potential side of the monitor pixel 111M to a
predetermined potential difference (VEL+VTFT), using the
first reference voltage Vrefl output by the signal processing
circuit 160.

[0143] The monitor wire 190 has one end connected to the
monitor pixel 111M and the other end connected to the poten-
tial difference detecting circuit 170A, and transmits the high-
side potential applied to the monitor pixel 111M.

[0144] Next, a detailed configuration of the variable-volt-
age source 180 shall be briefly described.

[0145] FIG. 11 is ablock diagram showing an example of a
specific configuration of a variable-voltage source according
to the embodiment 2. Noted that the organic EL display unit
110 and the signal processing circuit 160 which are connected
to the variable-voltage source are also shown in the figure.
[0146] The variable-voltage source 180 in FIG. 11 is iden-
tical to the variable voltage source 180 described in the
embodiment 1.

[0147] The error amplifier 186 compares the Vout that has
been divided by the output detection unit 185 and the first
reference voltage Vrefl outputted by the signal processing
circuit 160, and outputs, to the PWM circuit 182, a voltage
that is in accordance with the comparison result. Specifically,
the error amplifier 186 includes an operational amplifier 187
and resistors R3 and R4. The operational amplifier 187 has an
inverting input terminal connected to the output detecting unit
185 via the resistor R3, a non-inverting input terminal con-
nected to the signal processing circuit 160, and an output
terminal connected to the PWM circuit 182. Furthermore, the
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output terminal of the operational amplifier 187 is connected
to the inverting input terminal via the resistor R4. With this,
the error amplifier 186 outputs, to the PWM circuit 182, a
voltage that is in accordance with the potential difference
between the voltage inputted from the output detecting unit
185 and the first reference voltage Vrefl inputted from the
signal processing circuit 160. Stated differently, the error
amplifier 186 outputs, to the PWM circuit 182, a voltage that
is in accordance with the potential difference between the
output voltage Vout and the first reference voltage Vrefl.

[0148] The PWM circuit 182 outputs, to the drive circuit
183, pulse waveforms having different duties depending on
the voltage outputted by the comparison circuit 181. Specifi-
cally, the PWM circuit 182 outputs a pulse waveform having
along ON duty when the voltage outputted by the comparison
circuit 181 is large, and outputs a pulse waveform having a
short ON duty when the outputted voltage is small. Stated
differently, the PWM circuit 182 outputs a pulse waveform
having along ON duty when the potential difference between
the output voltage Vout and the first reference voltage Vrefl is
big, and outputs a pulse waveform having a short ON duty
when the potential difference between the output voltage Vout
and the first reference voltage Vrefl is small. It is to be noted
that the ON period of a pulse waveform is a period in which
the pulse waveform is active.

[0149] As the output voltage Vout approaches the first ref-
erence voltage Vrefl, the voltage inputted to the PWM circuit
182 becomes smaller, and the on-duty of the pulse signal
outputted by the PWM circuit 182 becomes shorter.

[0150] Then, the time in which the switch SW is turned on
also becomes shorter, and the output voltage Vout gradually
converges with the first reference voltage Vrefl.

[0151] The potential of the output voltage Vout, while hav-
ing slight voltage fluctuations, eventually settles to a potential
in the vicinity of Vout=Vrefl.

[0152] Inthis manner, the variable-voltage source 180 gen-
erates the output voltage Vout which becomes the first refer-
ence voltage Vrefl outputted by the signal processing circuit
160, and supplies the output voltage Vout to the organic EL
display unit 110.

[0153] Next, the operation of the display device 100 shall
be described with reference to FIGS. 12,13, and 7.

[0154] FIG.12is aflowchartillustrating an operation of the
display device 100.

[0155] First, the peak signal detecting circuit 150 obtains
video signal data for one frame (step S11). For example, the
peak signal calculating circuit 150 has a buffer, and accumu-
lates the video data for one frame period in that buffer.

[0156] Next, the peak signal detecting circuit 150 detects
the peak value of the obtained video data (step S12), and
outputs a peak signal indicating the detected peak signal to the
signal processing circuit 160. More specifically, the peak
signal detecting circuit 150 detects the peak value of the video
data for each color. For example, for each of red (R), green
(G), and blue (B), the video data is expressed using the 256
gradation levels from 0 to 255 (luminance being higher with
a larger value). Here, when a part of the video data in the
organic EL display unit 110 is R:G:B=177:124:135, another
part of the video data in the organic EL display unit 110 is
R:G:B=24:177:50, and another part of the video data is R:G:
B=10:70:176, the peak signal detecting circuit 150 detects
177 as the peak value of R, 177 as the peak value of G, and 176
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as the peak value of B, and outputs the peak signals indicating
the pixel values of the colors to the signal processing circuit
160.

[0157] Next, the signal processing circuit 160 determines a
voltage VIFT required for the drive transistor 125 and a
voltage VEL required for the organic EL. element 121 for
causing the organic EL element 121 to emit light with a peak
value output from the peak signal detecting circuit 150 (step
S13). Specifically, the signal processing circuit 160 deter-
mines the VIFT+VEL corresponding to the gradation levels
for each color, using a required voltage conversion table
indicating the required voltage VIFT+VEL corresponding to
the gradation levels for each color.

[0158] FIG. 13 is a chart illustrating an example of the
required voltage conversion table referred by the signal pro-
cessing circuit 160.

[0159] As illustrated in FIG. 13, the required voltage
VTFT+VEL corresponding to the gradation levels of the col-
ors are stored in the required voltage conversion table. For
example, the required voltage corresponding to the peak
value 177 of R is 8.5V, the required voltage corresponding to
the peak value 177 of G is 9.9 V, and the required voltage
corresponding to the peak value 176 of B is 9.9 V. Among the
required voltages corresponding to the peak values of the
respective colors, the largest voltage is 9.9V corresponding to
the peak value of B. Therefore, the signal processing circuit
160 determines VIFT+VEL to be 9.9 V.

[0160] The potential difference detecting circuit 170
detects the potential at the detecting point M1 via the monitor
wire 190 (step S14).

[0161] Next, the potential difference detecting circuit 170 A
detects the potential difference AV which is the difference
between the potential at the output terminal 184 of the vari-
able-voltage source 180 and the potential at the detecting
point M1 (step S15). Subsequently, the potential difference
detecting circuit 170A outputs the detected potential differ-
ence AV to the signal processing circuit 160.

[0162] Next, the signal processing circuit 160 determines
the voltage margin Vdrop corresponding to the potential dif-
ference AV detected by the potential difference detecting
circuit 170A from the potential difference signal output from
the potential difference detecting circuit 170A (step S16).
More specifically, the signal processing circuit 160 includes a
voltage margin conversion table corresponding to the poten-
tial difference AV.

[0163] As illustrated in FIG. 7, in the voltage margin con-
version table, the voltage margins Vdrop corresponding to the
potential differences AV are stored. For example, when the
potential difference AV is 3.4 V, the voltage margin Vdrop is
3.4 V. Therefore, the signal processing circuit 160 determines
the voltage drop margin Vdrop to be 3.4 V.

[0164] As shown in the voltage margin conversion table,
the relationship between the potential difference AV and the
voltage margin Vdrop is an increasing function. Furthermore,
the output voltage Vout of the variable-voltage source 180
rises with a bigger voltage drop margin Vdrop. In other
words, the relationship between the potential difference AV
and the output voltage Vout is an increasing function.

[0165] Next, thevoltage margin setting unit 160 determines
the output voltage Vout to be output by the variable-voltage
source 180 in the next frame period (step S17). More specifi-
cally, the output voltage Vout to be output by the variable-
voltage source 180 in the next frame period is set to be
VTFT+VEL+Vdrop which is a sum of VIFT+VEL which is
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the voltage required for the organic EL element 121 and the
drive transistor 125 determined in step S13 and the voltage
margin Vdrop corresponding to VTFT+VEL and the potential
difference AV determined in step S15.

[0166] Finally, the voltage margin setting unit 160 regu-
lates the variable-voltage source 180 by setting the first ref-
erence voltage Vrefl as VIFT+TEL+Vdrop at the beginning
of the next frame period (step S18). With this, in the next
frame period, the variable-voltage source 180 supplies
Vout=VTFT+VEL+Vdrop to the organic EL display unit 110.
[0167] As described above, the display device 100 accord-
ing to the embodiment 2 is configured as a minimum configu-
ration for achieving the power consumption reducing effect.
More specifically, the display device 100 according to the
embodiment 2 includes the variable-voltage source 180, the
potential difference detecting circuit 170A, and the signal
processing circuit 160. The variable-voltage source 180 out-
puts the potential on the high-potential side and the potential
on the low-potential side. The potential difference detecting
circuit 170A measures the potential on the high-potential side
applied to the monitor pixel 111M and high-potential side
output voltage Vout from the high-potential side of the vari-
able voltage source 180 for the monitor pixel 111M. The
signal processing circuit 170A regulates the variable-voltage
source 180 such that the high-potential side potential to be
applied to the monitor pixel 111M measured by the potential
difference detecting circuit 170A to the predetermined poten-
tial (VIFT+VEL). Furthermore, the potential difference
detecting circuit 170A measures the output voltage Vout on
the high-potential side of the variable-voltage source 180,
detects the potential difference between the measured output
voltage Vout on the high-potential side and the potential on
the high-potential side applied to the monitor pixel 111M.
The signal processing circuit 160 regulates the variable-volt-
age source depending on the potential difference detected by
the potential difference detecting circuit 170A.

[0168] With this, the display device 100 detects the voltage
drop by the horizontal power source wire resistance R1% and
the vertical power source wire resistance R1v, and feeds the
degree of voltage drop back to the variable-voltage source
180. With this, excess in the supply voltage can be reduced,
reducing the power consumption.

[0169] Inthe display device 100, the monitor pixel 111M is
provided near the center of the organic EL display unit 110.
Accordingly, even if the side of the organic EL display unit
100 is increased, the output voltage Vout from the variable-
voltage source 180 can be easily regulated.

[0170] Furthermore, by reducing the power consumption,
the heat generated by the organic EL device 121 is sup-
pressed, thereby preventing the degradation of the organic EL
element 121.

[0171] Next, in the display device 100 described above, the
transition of the display pattern when the input video data
changes at or before the Nth frame and the n+1th frame and
onward shall be described with reference to FIGS. 8 and 9.
[0172] First, the video data that is assumed to have been
inputted in the Nth frame and the N+1th frame shall be
described.

[0173] First, it is assumed that, up to the Nth frame, the
video data corresponding to the central part of the organic EL
display unit 110 is a peak gradation level (R:G:B=255:255:
255) in which the central part of the organic EL display umt
110 is seen as being white. On the other hand, it is assumed
that the video data corresponding to a part of the organic EL,
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display unit 110 other than the central part is a gray gradation
level (R:G:B=50:50:50) in which the part of the organic EL
display unit 110 other than the central part is seen as being
gray.

[0174] Furthermore, from the N+1th frame onward, it is
assumed that the video data corresponding to the central part
of the organic EL display unit 110 is the peak gradation level
(R:G:B=255:255:255) as in the Nth frame. On the other hand,
it is assumed that the video data corresponding to the part of
the organic EL display unit 110 other than the central part is
a gray gradation level (R:G:B=150:150:150) that can be seen
as a brighter gray than in the Nth frame.

[0175] Next, the operation of the display device 100 in the
case where video data as described above is inputted in the
Nth frame and the N+1th frame shall be described.

[0176] The potential difference AV detected by the poten-
tial difference detecting circuit 170A, the output voltage Vout
from the variable-voltage source 180, and the pixel luminance
of the monitor pixel 111M are shown in FIG. 8. Furthermore,
a blanking period is provided at the end of each frame period.
[0177] Inatimet=T10,the peak signal detecting circuit 150
detects the peak value of the video data of the Nth frame. The
signal processing circuit 160 determines VIFT+VEL from
the peak value detected by the peak signal detecting circuit
150. Here, since the peak value of the video data of the Nth
frame is R:G:B=255:255:255, the signal processing circuit
160 uses the required voltage conversion table and deter-
mines the required voltage VIFT+VEL for the N+1th frame
to be, for example, 12.2'V.

[0178] Meanwhile, the potential difference detecting cir-
cuit 170A detects the potential at the detecting point M1 via
the monitor wire 190, and detects the potential difference AV
which is the difference between the aforementioned potential
and the output voltage Vout outputted from the variable-
voltage source 180. For example, AV=1V is detected in time
t=T10. Subsequently, the voltage margin Vdrop in the N+1th
frame is determined as 1 V, using the voltage margin conver-
sion table.

[0179] A time t=T10 to T11 is the blanking period of the
Nth frame. In this period, an image which is the same as that
in the time t=T10 is displayed in the organic EL display unit
110.

[0180] (a) in FIG. 9 schematically shows an image dis-
played on the organic EL display unit 110 in time t=T10 to
T11. In this period, the image displayed on the organic EL
display unit 110 corresponds to the image data of the Nth
frame, and thus the central part is white and the part other than
the central part is gray.

[0181] For example, in the time t=T11, the signal process-
ing circuit 160 determines the voltage of the first reference
voltage Vrefl to be VIFT+VEL+Vdrop which is the sum of
the determined required voltage VIFT+VEL and the voltage
drop margin Vdrop.

[0182] Overatimet=T11 to T16, the image corresponding
to the video data of the N+1th frame is sequentially displayed
onthe organic EL display unit 110 ((b) to (f) in FIG. 9). At this
time, the output voltage Vout from the variable-voltage source
180 is, at all times, the VIFT+VEL+Vdrop set to the voltage
of the first reference voltage Vrefl in time t=T11. However,
the video data corresponding to the part of the organic EL
display unit 110 other than the central part is a gray gradation
level that can be seen as a gray that is brighter than that in the
Nth frame. Therefore, the amount of current supplied by the
variable-voltage source 180 to the organic EL display unit
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110 gradually increases over a time t=T11 to T16, and the
voltage drop in the first power source wire 112 gradually
increase following this increase in the amount of current.
With this, there is a shortage of power source voltage for the
pixels 111 in the central part of the organic EL display unit
110, which are the pixels 111 in a brightly displayed region.
Stated differently, luminance drops below the image corre-
sponding to the video data R:G:B=255:255:255 of the N+1th
frame. Specifically, over the time t=T11 to T16, the lumi-
nance of light emitted from the pixels 111 at the central part
of the organic EL display unit 110 gradually drops.

[0183] Inatimet=T16,the peak signal detecting circuit 150
detects the peak value of the video data of the N+1th frame.
Here, since the detected peak value of the video data of the
N+1th frame is R:G:B=255:255:255, the signal processing
circuit 160 determines the required voltage VIFT+VEL for
the N+2th frame to be, for example, 12.2'V.

[0184] Meanwhile, the potential difference detecting cir-
cuit 170A detects the potential at the detecting point M1 via
the monitor wire 190, and detects the potential difference AV
which is the difference between the aforementioned potential
and the output voltage Vout outputted from the variable-
voltage source 180. For example, AV=1V is detected in time
t=T36. Subsequently, the voltage margin Vdrop in the N+1th
frame is determined as 3 V, using the voltage margin conver-
sion table.

[0185] For example, in the time t=T17, the signal process-
ing circuit 160 determines the voltage of the first reference
voltage Vrefl to be VIFT+VEL+Vdrop which is the sum of
the determined required voltage VIFT+VEL and the voltage
drop margin Vdrop. Therefore, from the time =17 onward,
the potential difference between the anode side and the cath-
ode side of the monitor pixel 111M is VTFT+VEL which is
the predetermined potential.

[0186] In this manner, in the display device 100, although
luminance temporarily drops in the N+1th frame, this isa very
short period and thus has practically no impact on the user.

Embodiment 3

[0187] Inthe embodiment 3, an example different from the
embodiment 1, in which the display device includes, as a
minimum configuration for achieving the power consump-
tion reduction effect, one detecting point (M1) connected to
the monitor wire (detecting wire) shall be described. The
display device according to the embodiment 3 is approxi-
mately identical to the display device 100 according to
embodiment 2, but is different in that the potential difference
detecting circuit 170A is not included, and the potential at the
detecting point M1 is input to the variable-voltage source. In
addition, the operation by the signal processing circuit is
different in that the voltage output to the variable voltage
source is the required voltage VIFT+VEL. With this, the
display device according to the embodiment 2 can regulate
the output voltage Vout from the variable-voltage source in
real time according to the amount of voltage drop. Thus,
compared to the embodiment 2, it is possible to prevent the
temporary reduction in the pixel luminance. The following is
the specific description with reference to the drawings.
[0188] FIG. 14 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
3 of the present disclosure.

[0189] The display device 200 according to the embodi-
ment 3 is different from the display device 100 according to
the embodiment 2 in FIG. 10 in that the potential difference
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detecting circuit 170 is not provided, monitor wire 290 is
provided instead of the monitor wire 190, a signal processing
circuit 260 is provided instead of the signal processing circuit
160, and a variable-voltage source 280 is provided instead of
the variable-voltage source 180.

[0190] The signal processing circuit 260 determines the
voltage of the second reference voltage Vref2 to be output to
the variable-voltage source 280 from the peak signal output
form the peak signal detecting circuit 150. Specifically, the
signal processing circuit 260 determines the VIFT+VEL,
using a required voltage conversion table, which is a sum of
the voltage VEL necessary for the organic EL element 121
and the voltage VIFT required for the drive transistor 125.
Subsequently, the determined VIFT+VEL is determined as
the voltage of the second reference voltage Vref2.

[0191] As described above, the second reference voltage
Vref output to the variable-voltage source 280 by the signal
processing circuit 260 in the display device 200 is the voltage
determined depending only on the video data, unlike the first
reference voltage Vrefl output to the variable-voltage source
180 by the signal processing circuit 160 in the display device
100 according to the embodiment 2. In other words, the
second reference voltage Vref2 does not depend on the poten-
tial difference AV between the output voltage Vout from the
variable-voltage source 280 and the potential at the detecting
point M1.

[0192] The variable-voltage source 280 measures, via the
monitor wire 290, the high-potential side potential applied to
the monitor pixel 111M. Stated differently, the potential atthe
detecting point M1 is measured. Subsequently, the output
voltage Vout is regulated according to the measured potential
at the detecting point M1 and the second reference voltage
Vref2 output from the signal processing circuit 260.

[0193] The monitor wire 290 has one end connected to the
detecting point M1 and the other end connected to the vari-
able-voltage source 280, and transmits the potential at the
detecting point M1 to the variable-voltage source 280.
[0194] FIG. 15is ablock diagram showing an example of a
specific configuration of a variable-voltage source 280
according to the embodiment 3. Noted that the organic EL
display unit 110 and the signal processing circuit 260 which
are connected to the variable-voltage source are also shown in
the figure.

[0195] The configuration of the variable-voltage source
280 is nearly identical to the configuration of the variable
voltage source 180 illustrated in FIG. 11, but is different in
that a comparison circuit 281 for comparing the potential at
the detecting point M1 and the second reference voltage
Vref2 are included, instead of the comparison circuit 181.
[0196] Here, if the output potential from the variable volt-
age source 280 is Vout, and the amount of voltage drop from
the output terminal 184 of the variable-voltage source 280 to
the detecting point M1 is AV, the potential at the detecting
point M1 is Vout-AV. More specifically, in the embodiment 4,
the comparison circuit 281 compares Vref2 and Vout-AV. As
described above, Vref2=VTFT+VEL. Thus, the comparison
circuit 281 compares VIFT+VEL and Vout-AV.

[0197] In the embodiment 2, the comparison circuit 181
compares Vrefl and Vout. As described above,
Vrefl=VTFT+VEL+AV. Accordingly, in the embodiment 2,
the comparison circuit 181 compares VIFT+VEL+AV and
Vout.

[0198] Accordingly, although the comparison targets of the
comparison circuit 281 are different from the comparison
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targets of the comparison circuit 181, the comparison results
are identical. More specifically, in the embodiments 2 and 3,
if the amount of voltage drop from the output terminal 184 in
the variable-voltage source 280 to the detecting point M1 is
equal, the voltages output by the comparison circuit 181 to the
PWM circuit and the voltage output by the comparison circuit
281 to the PWM circuit are equal. Consequently, the output
voltage Vout from the variable-voltage source 180 and the
output voltage from the variable-voltage source 280 are
equal. In other words, the relationship between the potential
difference AV and the output voltage Vout is an increasing
function in the embodiment 2 as well.

[0199] The display device 200 with the configuration
described above can regulate the output voltage Vout in real
time according to the potential difference AV between the
output terminal 184 and the detecting point M1, compared to
the display device 100 according to the embodiment 2. The
following describes the reason of this operation. In the dis-
play device 100 according to the embodiment 2, the signal
processing circuit 160 changes the first reference voltage
Vrefl in the frame is changed at the beginning of each frame
period. In contrast, in the display device 200 according to the
embodiment 3, Vout can be adjusted without passing through
the signal processing circuit 260, that is, independent of the
control by the signal processing circuit 260, by the input of a
voltage dependent on AV, more specifically, the Vout-AV
directly to the comparison circuit 181 in the variable voltage
source 280.

[0200] Next, in the display device 200 described above, the
operation by the display device 200 when the input video data
changes at or before the Nth frame and at or after the n+1th
frame in the same manner as the embodiment 2 shall be
described. Note that, in the same manner as the embodiment
2, the input video data has R:(G:B=255:255:255 at the central
part of the organic EL display unit 110, and R:G:B=50:50:50
other than the central part at or before the Nth frame, and has
R:G:B=255:255:255 at the central part of the organic EL
display unit 110, and R:G:B=150:150:150 other than the
central part.

[0201] FIG. 81s a timing chart showing the operation of the
display device 200 from the Nth frame to the N+2th frame.
[0202] Inatimet=T20,the peak signal detectingcircuit 150
detects the peak value of the video data of the Nth frame. The
signal processing circuit 260 determines VIFT+VEL from
the peak value detected by the peak signal detecting circuit
150. Here, since the peak value of the video data of the Nth
frame is R:G:B=255:255:255, the signal processing circuit
160 uses the required voltage conversion table and deter-
mines the required voltage VIFT+VEL for the N+1th frame
to be, for example, 12.2V.

[0203] In contrast, the output detecting unit 185 always
detects the potential at the detecting point M1 through the
monitor wire 290.

[0204] For example, in the time t=T21, the signal process-
ing circuit 260 determines the voltage of the second reference
voltage Vref2 to be VIFT+VEL (for example, 12.2 V).
[0205] Over atime t=T21 to T22, the image corresponding
to the video data of the N+1th frame is sequentially displayed
on the organic EL display unit 110. Therefore, the amount of
current supplied by the variable-voltage source 280 to the
organic EL display unit 110 gradually increases, as described
in the embodiment 2. Accordingly, as the amount of current
increases, the voltage drop in the first power source wire 112
gradually increases. Stated differently, the potential at the
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detecting point M1 gradually decreases. Stated differently,
the potential difference AV between the output voltage Vout
and the potential at the detecting point M1 gradually
increases. Here, the error amplifier 186 outputs the voltage
according to the potential difference between VIFT+VEL
and Vout-AV in real time, and thus outputs the voltage for
increasing Vout according to the increase in the potential
difference AV.

[0206] Accordingly, the variable-voltage source 280
increases Vout in real time according to the increase in the
potential difference AV.

[0207] With this, the shortage of the power source voltage
in the pixel 111 at the central part of the organic EL display
unit 110, which is the pixel in a region brightly displayed. In
other words, the reduction in the pixel luminance is solved.
[0208] As described above, the display device 200 accord-
ing to the embodiment 2 is configured as a minimum configu-
ration for achieving the power consumption reducing effect.
More specifically, in the display device 200, the error ampli-
fier 186, the PWM circuit 182 and the drive circuit 183 con-
figuring the variable-voltage source 280 and the signal pro-
cessing unit 260 detect the potential difference between the
potential of the monitor pixel 111M on the high-potential side
measured by the output detecting unit 185 and the predeter-
mined potential, and regulates the switch SW according to the
detected potential difference. With this, the display device
200 according to the embodiment 4 can adjust the output
voltage Vout from the variable-voltage source 280 inreal time
according to the amount of voltage drop, compared to the
display device 100 according to the embodiment 2. Thus, it is
possible to prevent the temporary reduction in the pixel lumi-
nance, compared to the embodiment 2.

[0209] Note that, in the embodiment 3, the organic EL
display unit 110 corresponds to the display unit according to
the present disclosure, the signal processing circuit 160, the
error amplifier 186 in the variable voltage source 280, the
PWM circuit 182 and the drive circuit 183 surrounded by the
chain line corresponds to the voltage regulating unit accord-
ing to the present disclosure. The switch SW, the diode D, the
inductor L, and the capacitor C surrounded by the chain
double-dashed line in FIG. 15 cotrespond to the power supply
unit according to the present disclosure.

Embodiment 4

[0210] The following shall describe a configuration of the
display device according to the embodiment 4 of the present
disclosure for achieving the power consumption reduction
effects in which multiple detecting points (M1 to M5) con-
nected to the monitor wire (detecting lines).

[0211] Although the display device according to the
embodiment 4 is nearly identical to the display device 100
according to the embodiment 2, the display device is different
in that potentials on the high-potential side of two or more of
the pixels 111 are measured, potential differences between
the measured potentials and the output voltage of the output
voltage of the variable-voltage source 180 are detected, and
the variable-voltage source 180 is regulated according to the
largest potential difference among the detection result. With
this, it is possible to regulate the output voltage Vout from the
variable-voltage source 180 more appropriately. Therefore,
power consumption can be effectively reduced even when the
size of the organic EL display unit is increased. The following
is the specific description with reference to the drawings.
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[0212] FIG. 17 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
4 of the present disclosure.

[0213] The organic EL display unit 300A is approximately
the same as the organic EL display unit 100 according to the
embodiment 2 illustrated in FIG. 10, but is different from the
organic EL display unit 100 in that a potential comparison
circuit 370A is provided, and the monitor wires 391 to 395 are
provided instead of the monitor wire 190. Here, a largest
value circuit 370 is configured with the potential comparison
circuit 370A and the potential difference detecting circuit
170A.

[0214] The organic EL display unit 310 approximately the
same as the organic EL displayunit 110, but is different in that
monitor wires 391 to 395 provided corresponding to the
detecting points M1 to M5 one by one, and for measuring the
potential at the corresponding detecting points.

[0215] Note that, five detecting points are illustrated as the
anode-side potential measuring points in FIG. 17. However,
the detecting points may have to be more than one, and may
be two or three.

[0216] Each of the monitor wires 391 to 395 is connected to
the corresponding one of the detecting points M1 to M5, and
to the potential comparison circuit 370A, and transmits the
potential of the corresponding detecting point to the potential
comparison circuit 370A. With this, the potential comparison
circuit 370A measures, via each of the monitor wires 391 to
395, the potential of the corresponding detecting points M1 to
M5.

[0217] The potential comparison circuit 370A measures,
via each of the monitor wires 391 to 395, the potential of the
corresponding detecting points M1 to M5. Stated differently,
the potential comparison circuit 370 measures the high-po-
tential side potential applied to the monitor pixels 111M. In
addition, the potential comparison circuit 370A selects the
lowest potential among the measured high-potential side
potential at the detecting points M1 to M5, and outputs the
selected potential to the potential difference detecting circuit
170A.

[0218] The potential difference detecting circuit 170A
detects the potential difference AV between the input poten-
tial and the output voltage Vout to the variable-voltage source
180, and outputs the detected potential AV to the signal pro-
cessing circuit 160.

[0219] Accordingly, the signal processing circuit 160 regu-
lates the variable-voltage source 180 based on the potential
selected by the potential comparison circuit 370 A. As a result,
the variable-voltage source 180 supplies the output voltage
Vout which does not cause reduction in luminance of any of
the monitor pixels 111M to the organic EL display unit 310.
[0220] As described above, in the display unit 300A
according to the embodiment 4, the potential comparison
circuit 370A measured the applied potential on the high-
potential side for each of the pixels 111 in the organic EL
display unit 310, and selects the smallest potential among the
measured potentials of the pixels 111. Subsequently, the
potential difference detecting circuit 170A detects the poten-
tial difference AV between the smallest potential selected by
the potential comparison circuit 370 A and the output voltage
Vout from the variable-voltage source 180. The variable-
voltage source 180 is regulated according to the potential
difference detected by the signal processing circuit 160.
[0221] Note that, in the display device 300A according to
the embodiment 4, the variable-voltage source 180 corre-
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sponds to the power supply unit according to the present
disclosure, the organic EL display unit 310 corresponds to the
display unit according to the present disclosure, the other part
of potential comparison circuit 370A, the potential difference
detecting circuit 170A, and the signal processing circuit 160
correspond to the voltage regulating unit according to the
present disclosure.

[0222] In the display device 300A, the potential compari-
son circuit 370A and the potential difference detecting circuit
170A are separately provided. However, instead of the poten-
tial comparison circuit 370A and the potential difference
detecting circuit 170A, a potential comparison circuit for
comparing the output voltage Vout from the variable-voltage
source 180 and the potentials at the detecting points M1 to
M5.

[0223] FIG. 18 is a block diagram showing another
example of an outline configuration of the display device
according to the embodiment 4.

[0224] The configuration of the display device 300B in
FIG. 18 is nearly identical to the configuration of the display
device 300A in FIG. 17. However, the configuration of the
largest value circuit 371 is different. More specifically, the
display device 300B includes the potential comparison circuit
370B, instead of the potential comparison circuit 370A and
the potential difference detecting circuit 170A.

[0225] The potential comparison circuit 370B detects the
potential differences corresponding to the detecting points
M1 to M5 by comparing the output voltage Vout from the
variable-voltage source 180 and the detecting points M1 to
M5. Subsequently, the potential difference comparison cir-
cuit 370B selects the largest potential difference of the
detected potential differences, and outputs the largest poten-
tial difference AV to the signal processing circuit 160.
[0226] In the same manner as the signal processing circuit
160 in the display device 300A, the signal processing circuit
160 regulates the variable-voltage source 180.

[0227] Note that, with regard to the display device 300B,
the variable voltage source 180 corresponds to the power
supply unit according to the present disclosure, and the
organic EL display unit 310 corresponds to the display unit
according to the present disclosure.

[0228] As described above, the display devices 300A and
300B according to the embodiment 4 supplies the output
voltage Vout which does not cause reduction in luminance of
any of the monitor pixels 111M to the organic EL display umt
310. In other words, by setting the output voltage Vout to a
more appropriate value, power consumption is further
reduced and the decrease in luminance of the pixel 111 is
suppressed. The following shall describe this effect with ref-
erence to FIGS. 19A to 20B.

[0229] FIG. 19A is a diagram schematically illustrating an
example of the image displayed on the organic EL display
unit 310. FIG. 19B is a graph illustrating the amount of
voltage drop in the first power source wire 112 along the line
x-x' when the image illustrated in F1G. 19 A is displayed. FIG.
20A is a diagram schematically illustrating an example of the
image displayed on the organic EL display unit 310. FIG. 20B
is a graph illustrating the amount of voltage drop in the first
power source wire 112 along the line x-x' when the image
illustrated in FIG. 20A is displayed.

[0230] Asillustrated in FIG. 19A, when all of the pixels 111
in the organic EL display unit 310 emit light in the same
luminance, the amount of voltage drop in the first power
source wire 112 is as illustrated in FIG. 19B.



US 2013/0016086 A1

[0231] Accordingly, checking the potential at the detecting
point M1 at the center of the screen indicates the worst case of
the voltage drop. Accordingly, adding the voltage margin
Vdrop corresponding to the amount of voltage drop at the
detecting point to VTFT+VEL allows all of the pixels 111 in
the organic EL display unit 310 to emit light at a precise
luminance.

[0232] Incontrast, as illustrated in FIG. 20A, a pixel 111 at
the center of a region obtained by vertically and horizontally
bisecting the screen, that is, a region obtained by dividing the
screen into four regions emits light with the same luminance
and other pixels 111 does not emit light, the amount of voltage
drop in the first power source wire 112 is as illustrated in FIG.
20B.

[0233] Accordingly, when measuring the potential only at
the detecting point M1 at the center of the screen, it is neces-
sary to set the voltage calculated by adding an offset potential
to the detected potential as the voltage drop margin. For
example, setting the voltage margin conversion table such
that the voltage corresponding to the voltage to which an
offset of 1.3 V is always added to the voltage drop amount at
the center of the screen (0.2 V) causes all of the pixels 111 in
the organic EL display unit 310 to emit light with a precise
luminance. Here, emitting light at a precise luminance means
that the driving transistor 125 of the pixel 111 is operating in
the saturation region.

[0234] However, in this case, 1.3V is always necessary as
the voltage margin, decreasing the effects on reducing the
power consumption. For example, in the case of an image
with the voltage drop amount on the anode side is 0.1 V,
0.1+1.3=1.4V is held as the voltage margin on the anode side.
Thus, the output voltage Vout is increased as much as the
voltage margin, decreasing the effects on reducing the power
consumption.

[0235] Accordingly, dividing the screen into four regions
and measuring the potentials at the center of the regions, and
the center of the entire screen, that is, the detecting points M1
to M5 as illustrated in FIG. 20A, not just the detecting point
M1 at the center of the screen increases the accuracy of
detecting the voltage drop amount. Therefore, it is possible to
reduce the additional offset amount and increase the power
consumption reducing effect.

[0236] For example, in FIGS. 20A and 20B, when the
potential at the detecting points M2 to M5 is 1.3V, setting the
voltage with an offset of 0.2V added as the voltage margin on
the anode side causes all of the pixels 111 to emit light with a
precise luminance.

[0237] In this case, even if the image causes the actual
amount of voltage drop on the anode side is 0.1V, the value set
as the voltage margin on the anode side is 0.140.2=0.3 V.
Thus, compared to a case in which only the potential at the
detecting point M1 at the center of the screen is measured, it
is possible to reduce the power source voltage of 1.1 V.
[0238] As described above, compared to the display
devices 100 and 200, the display devices 300A and 300B have
more detecting points, allowing regulating the output voltage
Vout according to the largest value of the measured amounts
of voltage drop. Therefore, power consumption can be effec-
tively reduced even when the size of the organic EL display
unit 310 is increased.

Embodiment 5

[0239] Inthe embodiment 5, an example different from the
embodiment 4, in which the display device includes, as a
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minimum configuration for achieving the power consump-
tion reduction effect, multiple detecting points (M1 to M5)
connected to the monitor wire (detecting wire) shall be
described. The display device according to the embodiment 5,
measures the potentials on the high-potential side for each of
the two or more pixels 111, and detects the potential differ-
ence between the potentials and the output voltage from the
variable-voltage source, in the same manner as the display
devices 300A and 300B according to the embodiment 4. The
variable voltage source is regulated to change the output
voltage from the variable voltage source according to the
largest potential difference among the detection result. How-
ever, in the display device according to the embodiment 5 in
that the potential selected by the potential comparison circuit
is input to the variable-voltage source, instead of the signal
processing circuit, compared to the display devices 300A and
300B.

[0240] With this, the display device according to the
embodiment 5 can regulate the output voltage Vout from the
variable-voltage source in real time according to the amount
of voltage drop. Thus, compared to the display devices 300A
and 300B according to the embodiment 4, it is possible to
prevent the temporary reduction in the pixel luminance. The
following is the specific description with reference to the
drawings.

[0241] FIG. 21 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
2 of the present disclosure.

[0242] The display device 400 in FIG. 21 has the configu-
ration approximately identical to the display device 300A
according to the embodiment 4, but is different in that a
variable-voltage source 280 is provided instead of the vari-
able voltage source 180, a signal processing circuit 260 is
provided instead of the signal processing circuit 160, the
potential difference detecting circuit 170A is not provided, a
largest value detecting circuit 372 configured of the potential
comparison circuit 370A, and a potential selected by the
potential comparison circuit 370A is input to the variable
voltage source 280.

[0243] With this configuration, the variable-voltage source
280 increases the output voltage Vout in real time according to
the lowest voltage selected by the potential comparison cir-
cuit 370A.

[0244] Thus, the display device 400 according to the
embodiment 5 can solve the temporary reduction in the pixel
luminance, compared to the display devices 300A and 300B.

[0245] As described above, according to the display
devices of the embodiments 1 to 5, the power consumption
can be reduced by regulating at least one of the output poten-
tial on the high potential side from the power supply unit and
the output potential on the low potential side from the power
supply unit according to the amount of voltage drop generated
from the power supply unit to at least one of the pixels.
Therefore, according to the embodiments 1 to 5, it is possible
to implement a display device with high power consumption
reducing effect.

[0246] The display device highly effective for reducing
power consumption is not limited to the embodiments
described above. Those skilled in the art will readily appre-
ciate that many modifications are possible in the embodi-
ments 1 to 3 without materially departing from the novel
teachings and advantages of the present disclosure. Accord-
ingly, all such modifications and devices incorporating the
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display device according to the present disclosure are
intended to be included within the scope of the present dis-
closure.

[0247] For example, the reduction in the luminance of the
pixels on which monitor wire is provided in the organic EL
display unit may be compensated.

[0248] FIG.22is a graph illustrating luminance of the light
emitted from a regular pixel and luminance of the light emit-
ted from a pixel having a monitor wire, corresponding to
gradation levels of the video data. Noted that a normal pixel
refers to a pixel among the pixels of the organic EL display
unit, other than the pixel provided with a monitor wire.
[0249] As clearly shown in FIG. 26, when the gradation
level of the video data is the same, the luminance of the pixel
including the monitor wire is lower than the luminance of the
regular pixel. This is because, with the provision of a monitor
wire, the capacitance value of the capacitor 126 of the pixel
decreases. Therefore, even when video data which causes
luminance of the light emitted to be with the same luminance
evenly throughout the entirety of the organic EL display umt
is inputted, the image to be displayed on the organic EL
display unit is an image in which the luminance of the pixels
having a monitor wire is lower than the luminance of the other
pixels. In other words, line defects occur. FIG. 23 is a diagram
schematically illustrating an image with line defects. FIG. 23
schematically illustrates the image displayed on the organic
EL display unit 310 when there are line defects in the display
device 300A, for example.

[0250] Inorder to prevent the line defect, the display device
may correct the signal voltage supplied to the organic EL
display unit from the data line drive circuit 120. Specifically,
since the positions of the pixels having a monitor wire are
known at the time of designing, it is sufficient to pre-set the
signal voltage to be provided to the pixels in such locations
higher by the amount of drop in luminance. With this, it is
possible to prevent line defects caused by the provision of
monitor wires.

[0251] Although the description has been made that the
signal processing circuits 160 and 260 include a required
voltage conversion table indicating required voltage of
VTFT+VEL corresponding to the gradation level of each
color, a current-voltage characteristic of the drive transistor
125 and current-voltage characteristic of the organic EL ele-
ment 121 are included, and VTFT+VEL may be determined
using two current-voltage characteristics.

[0252] FIG. 24 is a graph illustrating current-voltage char-
acteristics of the drive transistor and current-voltage charac-
teristics of the organic EL element. In the horizontal axis, the
direction of dropping with respect to the source potential of
the driving transistor is the positive direction.

[0253] FIG. 28 illustrates the current-voltage characteris-
tics of the drive transistor and the current-voltage character-
istics of the organic EL element corresponding to the two
different gradation levels, and the current-voltage charactet-
istic of the drive transistor corresponding to a low gradation
level is represented as Vsigl, and the current-voltage charac-
teristic of the drive transistor corresponding to a high grada-
tion level is represented as Vsig2.

[0254] In order to eliminate the effect of the display defect
caused by the change in the drain-source voltage in the drive
transistor, it is necessary for the drive transistor to operation in
the saturation region. On the other hand, the pixel lumines-
cence of the organic EL element is determined according to
the drive current. Therefore, in order to cause the organic EL
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element to emit light precisely in accordance with the grada-
tion level of video data, it is sufficient that the voltage remain-
ing after the drive voltage (VEL) of the organic EL element
corresponding to the drive current of the organic EL element
is subtracted from the voltage between the source electrode of
the driving transistor and the cathode electrode of the organic
EL element is a voltage that can cause the driving transistor to
operate in the saturation region. Furthermore, in order to
reduce power consumption, it is preferable that the drive
voltage (VIFT) of the driving transistor be low.

[0255] Therefore, in FIG. 24, the organic EL element emits
light precisely in accordance with the gradation of the video
data and power consumption is lowest with the VIFT+VEL
that is obtained through the characteristics passing the point
of intersection of the current-voltage characteristics of the
driving transistor and the current-voltage charactetistics of
the organic EL element on the line indicating the boundary
between the linear region and the saturation region of the
driving transistor, and the power consumption can be reduced
at most.

[0256] As described above, the required voltage VIFT+
VEL corresponding to the gradations for each color may be
calculated using the graph shown in FIG. 24.

[0257] In the embodiments, the variable-voltage source
supplies the output voltage Vout on the high-potential side to
the first power source wire 112, and the second power source
wire 113 is grounded at the periphery of the organic EL
display unit. However, the variable-voltage source may sup-
ply the output voltage on the low-potential side to the second
power source wire 113.

[0258] The display device may include a low-potential
monitor line having one end connected to the monitor pixel
111M, and the other end connected to the voltage measuring
unit according to the other embodiments, and for transmitting
the potential on the low-potential side applied to the monitor
pixel 111M.

[0259] Furthermore, in the embodiments, the voltage mea-
suring unit measures at least one of the high-potential side
potential applied to the monitor pixel 111M and the low-
potential side potential applied to the monitor pixel 111M,
and the voltage regulating unit may regulate the power supply
unit according to the measured potential such that the poten-
tial difference between the high-potential side potential on
the monitor pixel 111M and the low-potential side potential
on the monitor pixel 111M to be the predetermined potential
difference.

[0260] With this, power consumption can be further
reduced. This is because, a transparent electrode with high
sheet resistance (for example, ITO) is used as the cathode
electrode of the organic EL element 121 composing a com-
mon electrode included by the second power source wire 113.
Thus, the amount of voltage drop in the second power source
wire 113 is greater than the amount of voltage drop in the first
power source wire 112. Accordingly, the output potential
from the power supply unit can be regulated more appropri-
ately according to the low-potential side potential to be
applied to the monitor pixel 111M.

[0261] The pixel to which the high-potential monitor line
for transmitting the potential on the high-potential side is
connected and the pixel to which the low-potential monitor
line for transmitting the potential on the low-potential side
may not be the same pixel.

[0262] In the embodiments 3 and 5, the voltage regulating
unit may detect the potential difference between the low-
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potential side potential on the monitor pixel 111M measured
by the voltage measuring unit and the predetermined poten-
tial, and regulate the power supply unit according to the
detected potential difference.

[0263] Furthermore, in the embodiments 2 and 4, the signal
processing circuit 160 may change the first reference voltage
Vrefl for multiple frames (for example, each 3 frames),
instead of changing the first reference voltage Vrefl for one
frame.

[0264] With this, the potential on the first reference voltage
Vrefl changes, and thus the power consumption generated at
the variable-voltage source 180 can be reduced.

[0265] Alternatively, the signal processing circuit may
measure the potential differences outputted from the potential
difference detecting circuit 170A and the potential compari-
son circuit 370B over plural frames, average the measured
potential differences, and regulate the variable-voltage source
in accordance with the average potential difference. More
specifically, in the flowchart illustrated in FIG. 12, after
detecting the potential at the detecting point (step S14) and
detecting the voltage difference for multiple frames, and in
determining the voltage margin (step S16), the potential dif-
ferences for multiple frames detected by the detecting process
of the potential differences are averaged (step S15). and the
voltage margin may be determined corresponding to the aver-
aged potential difference.

[0266] Furthermore, the signal processing circuits 160 and
260 may determine the first reference voltage Vrefl consid-
ering an aging deterioration margin for the organic EL ele-
ment 121. For example, assuming that the aged deterioration
margin for the organic EL element 121 is Vad, the signal
processing circuit 160 may determine the voltage of the first
reference voltage Vrefl to be VIFT+VEL+Vdrop+Vad, and
the signal processing circuit 260 may determined the voltage
ofthe second reference voltage Vref2 to be VIFT+VEL+Vad.

[0267] Furthermore, although the switch transistor 124 and
the driving transistor 125 are described as being p-type tran-
sistors in the above-described embodiments, they may be
configured of n-type transistors.

[0268] Furthermore, although the switch transistor 124 and
the driving transistor 125 are TFTs, they may be other field-
effect transistors.

[0269] The processing units included in the display devices
50,100, 300A, 300B and 400 according to the embodiments
are typically implemented as an LSI which is an integrated
circuit. Note that part of the processing units included in the
display devices 50, 100, 200, 300A, 300B, and 400 can also
be integrated in the same substrate as the organic EL display
units 110 and 310. Furthermore, they may be implemented as
a dedicated circuit or a general-purpose processor. Further-
more, a Field Programmable Gate Array (FPGA) which
allows programming after LSI manufacturing or a reconfig-
urable processor which allows reconfiguration of the connec-
tions and settings of circuit cells inside the LSI may be used.

[0270] Furthermore, part of the functions of the data line
driving circuit, the write scan driving circuit, the control
circuit, the peak signal detecting circuit, the signal processing
circuit, and the potential difference detecting circuit included
in the display devices 50, 100, 200, 300A, 300B, and 400
according to the embodiments may be implemented by hav-
ing a processor such as a CPU executing a program. Further-
more, the present disclosure may also be implemented as a
display device driving method including the characteristic
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steps implemented through the respective processing units
included in the display devices 50,100, 200, 300 A, 3008, and
400.

Embodiment 6

[0271] In the embodiments 1 to 5, a configuration for
achieving the power consumption reducing effect in the dis-
play device, that is, configurations for monitoring the power
source voltage of the pixel using one or more detecting lines
(monitor wire) for reducing the power consumption. In the
embodiment 6, a layout of the potential detecting points for
detecting the potential on the high-potential side or the low-
potential side of the pixels for maximizing the power con-
sumption reduction effect while maintaining the image qual-
ity of the display device.

[0272] Inthe display device according to the embodiments
1 to 5, in order to maximize the power consumption reducing
effect. itis necessary to monitor the distribution of the amount
of voltage drop with high accuracy for any image pattern. For
this purpose, it is preferable to set as many potential detecting
points as possible provided for monitor pixels in the display
unit.

[0273] However, according to the number of the potential
detecting points provided, the number of the monitor wires
which are the detecting lines increase. The greater the number
of the monitor wires, the more likely the image includes line
noise (line defect) in which the image information is not
reflected, reducing the image quality of the display. In addi-
tion, the increased number of the wire increases the cost.
[0274]  Accordingly, in terms of the number of the potential
detecting points provided, the power consuniption reduction
effects and the image quality in the display device according
to the present disclosure is a trade-off. Accordingly, in order
to achieve maximum power consumption reducing effect
while maintaining the display quality of the display device, it
is necessary to suppress the number of potential detecting
points provided by optimizing the layout of the potential
detecting points.

[0275] FIG. 25 illustrates the layout of the detecting points
in the organic EL display unit according to the embodiment 6.
In the organic EL display unit 510 in FIG. 25, the detecting
points M11 to M39 are provided in the row direction which is
the first direction and the column direction which is the sec-
ond direction. The potential detecting points are evenly pro-
vided in the row direction, and are evenly provided in the
column direction as well. Here, the diagram on the right side
of FIG. 25 illustrates the layout of one pixel and the pixels
around the pixel. Power source wires on the high-potential
side having first power source wire resistance R1v are pro-
vided on the left and right of the pixel including three sub
pixels as one unit, and power source wires on the high-poten-
tial side having first power source wire resistance R1/ are
provided above and below the pixel. Here, due to the relation-
ship of line widths ofthe power source wires, R1v<R14. More
specifically, the power source wire resistance R1/% between
adjacent pixels arranged along the first direction is higher
than the power source wire resistance R1v between adjacent
pixels arranged along the second direction.

[0276] In the power source wire configuration described
above, the change in the voltage drop is sharp in the row
direction having high power source wire resistance, and the
change in the voltage drop is gradual in the column direction
having low power source wire resistance. Accordingly, in
order to monitor the distribution of the amount of voltage
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drop with high accuracy, the potential detecting points shall
be finely provided in the row direction, and the potential
detecting points shall be roughly provided in the column
direction. More specifically, the average distance between
adjacent potential detecting points provided along the column
direction which is the first direction (for example, an average
value of distances between adjacent detecting points from
M11 to M19) is shorter than the average distance between
adjacent potential detecting points provided along the column
direction which is the second direction (for example, an aver-
age value of distances between adjacent detecting points
M11, M21, and M31).

[0277] Appropriately arranging the potential detecting
points described above allows high-accuracy monitoring of
the voltage drop caused by the power source wire resistance
network, and achieving maximum power consumption reduc-
ing effect while maintaining the image quality of the display
device. Furthermore, it is possible to suppress the increase in
cost necessary for providing detecting lines.

[0278] FIG. 26 illustrates the layout of the detecting points
in the display unit in an embodiment for comparison. In the
organic display unit in FIG. 26, compared to the organic EL
display unit 510 in FIG. 25, the distance between the detect-
ing points in the column direction is set to be as short as the
distance between the detecting points in the row direction,
and the distances between the detecting points are equalin the
column direction and the row direction in the layout. With the
layout, the cycles of the image is likely to be disturbed along
the monitor wire for extracting potentials from the detecting
points to outside, emphasizing the line noise (line defect).
Consequently, the image quality is degraded.

[0279] FIGS.27Aand27B arelayout diagrams of detecting
points in the organic EL display unit according to the varia-
tion 1 of the embodiment 6. In the organic EL display unit
510A illustrated in FIG. 27A, regions equally divided in the
column direction are displayed at the same time, and the
organic EL display unit 510A in FIG. 27B displays the
regions equally divided in the row direction at the same time.
[0280] The layout of the detecting points in the organic EL,
display unit 510A illustrated in FIGS. 27A and 27B is differ-
ent from the layout in the organic EL display unit 510 illus-
trated in F1G. 25. In the organic EL display unit 510, adjacent
detecting points are arranged in the same row of the pixels or
in the same column of the pixels. In other words, neighboring
detecting points are arranged in a straight line. In the organic
EL display unit 510, the neighboring detecting points are not
necessarily arranged in the same row of pixels or in the same
column of pixels, and the adjacent detecting points are
arranged in a zigzag shape in the adjacent detecting points.
[0281] In order to achieve highly accurate detection of the
amount of voltage drop in any image, it is preferable that the
detecting points are arranged with an equal distance in the
column direction and the row direction as much as possible.
However, if the detecting points are arranged in a straight line
in the row direction and column direction, the arrangement of
the monitor wires pulled out from the detecting points over-
lap, making it difficult to disperse the effect of the wire on the
image.

[0282] In response to the problem, in the organic EL dis-
play unit 510A illustrated in FIGS. 27A and 27B, the adjacent
detecting points in the predetermined region is shifted to at
least in the row direction and the column direction, while
maintaining of the equidistant arrangement of the detecting
points in the row direction and the column direction. The
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predetermined region corresponds to the divided regions 21
to 27 in F1G. 27 A, and to the divided regions 11 to 17 in FIG.
27B.

[0283] The divided regions 11 to 17 are second divided
regions set by equally dividing the organic EL display unit
510A in the row direction, which is the first direction. The
divided regions 21 to 27 are first divided regions set by
equally dividing the organic EL display unit 510A in the
column direction, which is the second direction.

[0284] Here, in the same manner as the diagram on the right
side of FIG. 25, when R12>R1v, the average distance
between adjacent detecting points in the row direction in the
divided regions 21, 24, and 27 which are the first divided
regions including the detecting points is set to be shorter than
the average distance of the adjacent detecting points in the
column direction in the divided regions 11 to 17 which is the
second divided regions including the detecting points. For
example, ifthe size of the organic EL display unit is 40 inches,
the density of detecting points in the divided regions 21, 24,
and 27 is 1 point/13.1 cm, and the density of detecting points
in the divided regions 11 to 17 is 1 point/16.7 cm.

[0285] According to the condition for arranging the detect-
ing points, even if the detecting points are not provided in
straight line in the row direction and the column direction, it
is possible to suppress the increase in cost by providing mul-
tiple detecting points, and achieve maximum power con-
sumption reducing effect while maintaining the image qual-
ity.

[0286] FIG. 28 illustrates the layout of the detecting points
in the organic EL display unit according to the variation 2 in
the embodiment 6. The layout of the detecting points in the
organic EL display unit 510B in FIG. 28 is identical to the
layout of the detecting points illustrated in FIGS. 27A and
27B, and differs only in the condition for arranging the detect-
ing points to be set. In the layout in FIG. 28, divided regions
11 1o 20 and divided regions 21 to 27 corresponding to the
divided regions 11 to 17 and the divided regions 21 to 27 in
FIG. 27A and FIG. 27B are set.

[0287] Among the divided regions 21 to 27 which are the
first divided regions, the divided regions 21, 24, and 27
including the detecting points are referred to as first detection
divided regions, and an average coordinate (weighted center
position) of the detecting points included in the first detection
divided region in the column direction is calculated. Further-
more, among the divided regions 11 to 20 which are the
second divided regions, the divided regions 11 to 19 which are
regions including the detecting points are referred to as the
second detection divided regions, and an average coordinate
(weighted center position) in the row direction of the detect-
ing points included in the second detection divided region is
calculated.

[0288] IfR1/2>Rlv,afirstadjacent distanceY calculated by
averaging differences in the average coordinates in adjacent
first detection divided regions for all of the first detection
divided regions is longer than a second adjacent distance X
calculated by averaging differences in the average coordi-
nates in adjacent second detection divided regions for all of
the second detection divided regions.

[0289] Thecondition for arranging the detecting points also
allows suppressing the increase in cost due to providing mul-
tiple detecting points, and achieving the maximum power
consumption reducing effects while maintaining the image
quality even if the detecting points are not arranged in a
straight line in the row direction and the column direction.
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[0290] FIG. 29 illustrates the simulation results of the
amount of voltage drop in the organic EL display unit accord-
ing to the embodiment 6. X-Y plane in each graphs in FIG. 29
represent XY coordinates of the display panel, and the z axis
indicates the amount obtained by adding the amount of volt-
age drop on the high-potential side and the amount of voltage
drop on the low potential side. The pattern being displayed is
illustrated on the top left side of the graph. When obtaining
the simulation result, the following values are set: the power
source wire resistance on the high-potential side R1/=0.98
(Q/pix), R1v=0.90 (Q/pix); the power source wire resistance
on the low-potential side R2/=5.88 (Q/pix), and R2v=1.00
(Q/pix).

[0291] The distribution condition for detecting points nec-
essary for suppressing the voltage margin within 0.2 V is
calculated from the simulation result of the amount of voltage
drop obtained in the power source wire configuration
described above. Here, the organic EL display unit is 40" (4
kpixx2 kpix), and one block includes 160 pixel rows and 90
pixel columns, for example.

[0292] Inthis case, in the pattern A in which the amount of
voltage drop in the column direction changes most sharply, it
is necessary to provide a detecting point for 20 blocks in the
column direction. In the patterns E and F in which the amount
of voltage drop changes in the row direction most sharply, it
is necessary to provide a detecting point for 12 blocks in the
row direction.

[0293] The simulation result also indicates that it is neces-
sary to provide the detecting points such that the number of
detecting points in the row direction greater than the number
of detecting points in the column direction when R2/>R2v.
[0294] Note that, in the embodiment 6, only the layout of
the detecting points provided in the organic EL display unit is
described. However, as the configuration of the display
device including the organic EL display unit, a display device
including multiple detecting points are applied, as repre-
sented by the configuration of the display devices 300A and
300B in the embodiment 4, and the display device 400 in the
embodiment 5. Applying the organic EL display unit accord-
ing to the embodiment 6 to the display devices 300A, 300B,
or 400 allows suppressing the increase in cost by providing
multiple detecting points, achieving maximum power con-
sumption reduction effect while maintaining the image qual-
ity.

[0295] Thedisplay device including the organic EL display
unit according the embodiment 6, further includes a plurality
of detecting lines for transmitting, to the potential difference
detecting circuit, potentials on the high-potential side or on
the low-potential side, the potentials being detected at a plu-
rality of the potential detecting points, in which the detecting
lines include at least one of: three or more high-potential
detecting lines for transmitting high-potential side potentials
applied to three or more of the pixels, and three or more
low-potential detecting lines for transmitting low-potential
side potentials applied to three or more of the pixels, and at
least one of (i) the high-potential detecting lines and (ii) the
low-potential detecting lines are arranged such that an inter-
val between adjacent detecting lines is identical, for example.
[0296] With this configuration, it is possible to adjust at
least one of the output potential on the high-potential side
from the power supply unit and the output potential on the
low-potential side from the power supply unit more appro-
priately, and can effectively reduce the power consumption
even when the size of the display unit is increased. Further-
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more, since the detecting lines are provided at an equal inter-
val, the layout of the wires in the display unit can be cyclic,
which increases the manufacturing efficiency.

[0297] Although only some exemplary embodiments of the
display device and the driving method for the display device
according to the present disclosure have been described in
detail above, those skilled in the art will readily appreciate
that many modifications are possible in the exemplary
embodiments without materially departing from the novel
teachings and advantages of the present disclosure. Accord-
ingly, all such modifications are intended to be included
within the scope of the present disclosure.

[0298] Note that, in the description above, the examples in
which the display devices 50, 100,200, 300A, 300B, and 400
are active-matrix organic EL display device are described.
However, the present disclosure is not limited to this example.
The display device according to the present disclosure may be
applied to the organic EL display device other than the active-
matrix type, or may be applied to a display device other than
the organic EL display device using current-driven light-
emitting element, for example, a liquid crystal display.
[0299] The display device according to the present disclo-
sure is incorporated in a thin flat television as illustrated in
FIG. 30, for example. A thin, flat-screen TV capable of high-
accuracy image display reflecting a video signal is imple-
mented by incorporating the display device according to the
present disclosure into the TV.

INDUSTRIAL APPLICABILITY

[0300] The present disclosure is particularly useful for an
active-matrix organic EL flat panel display.

1. A display device comprising:

apower supply unit configured to supply at least a potential
on a high-potential side or on a low-potential side;

a display unit including a plurality of pixels arranged in a
matrix along a first direction and a second direction that
are orthogonal to each other and configured to receive
power supply from the power supply unit;

a potential detecting unit configured to detect at least a
potential on one of the high-potential side and the low-
potential side at a potential detecting point provided in
each of pixels arranged in the display unit; and

a voltage regulating unit configured to regulate at least an
output potential on the high-potential side or the low-
potential side to be supplied from the power supply unit
such that a potential difference between (i) at least one of
the potentials on the high-potential side and on the low-
potential side and (ii) a reference potential reaches a
predetermined potential difference,

wherein resistance of a power wire at each part between
adjacent pixels along the first direction is higher than
resistance of a power wire at each part between adjacent
pixels along the second direction, and

an average distance between adjacent potential detecting
points along the first direction is shorter than an average
distance between adjacent potential detecting points
along the second direction.

2. A display device comprising:

apower supply unit configured to supply at leasta potential
on a high-potential side or on a low-potential side;

a display unit including a plurality of pixels arranged in a
matrix along a first direction and a second direction that
are orthogonal to each other and configured to receive
power supply from the power supply unit;
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a potential detecting unit configured to detect at least a
potential on one of the high-potential side and the low-
potential side at a potential detecting point provided in
each of pixels arranged in the display unit; and

a voltage regulating unit configured to regulate at least an
output potential on the high-potential side or the low-
potential side to be supplied from the power supply unit
such that a potential difference between (i) at least one of
the potentials on the high-potential side and on the low-
potential side and (ii) a reference potential reaches a
predetermined potential difference,

wherein resistance of a power wire at each part between
adjacent pixels along the first direction is higher than
resistance of a power wire at each part between adjacent
pixels along the second direction, and

aplurality of first divided regions are set by equally divid-
ing the display unit in the second direction, a plurality of
second divided regions are set by equally dividing the
display unit in the first direction, and an average distance
between adjacent potential detecting points along the
first direction in one of'the first divided regions including
the potential detecting points is shorter than an average
distance between the adjacent potential detecting points
along the second direction in one of the second divided
regions including the potential detecting points.

3. A display device comprising:

apower supply unit configured to supply at least a potential
on a high-potential side or on a low-potential side;

a display unit including a plurality of pixels arranged in a
matrix along a first direction and a second direction that
are orthogonal to each other and configured to receive
power supply from the power supply unit;

a potential detecting unit configured to detect at least a
potential on one of the high-potential side and the low-
potential side at a potential detecting point provided in
each of pixels arranged in the display unit; and

a voltage regulating unit configured to regulate at least an
output potential on the high-potential side or the low-
potential side to be supplied from the power supply unit
such that a potential difference between (i) at least one of
the potentials on the high-potential side and on the low-
potential side and (ii) a reference potential reaches a
predetermined potential difference,

wherein resistance of a power wire at each part between
adjacent pixels along the first direction is higher than
resistance of a power wire at each part between adjacent
pixels along the second direction, and

a first detection divided region including the potential
detecting point is set among a plurality of first divided
regions that are setby equally dividing the display unit in
the second direction, a second detection divided region
including the potential detecting point is set among a
plurality of second divided regions that are set by
equally dividing the display unit in the first direction,
and with respect to an average coordinate in the second
direction calculated for one or more of the potential
detecting points included in the first detection divided
region and an average coordinate in the first direction
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calculated for one or more of the potential detecting
points included in the second detection divided region, a
first adjacent distance calculated by averaging differ-
ences in the average coordinates in adjacent first detec-
tion divided regions for all of the first detection divided
regions is longer than a second adjacent distance calcu-
lated by averaging differences in the average coordi-
nates between adjacent second detection divided regions
for all of the second detection divided regions.

4. The display device according to claim 1, further com-

prising

a plurality of detecting lines for transmitting, to the poten-
tial detecting unit, potentials on the high-potential side
or on the low-potential side, the potentials being
detected at a plurality of the potential detecting points,

wherein the detecting lines include at least one of:

three or more high-potential detecting lines for transmit-
ting high-potential side potentials applied to three or
more of the pixels, and

three or more low-potential detecting lines for transmitting
low-potential side potentials applied to three or more of
the pixels, and

at least one of (i) the high-potential detecting lines and (ii)
the low-potential detecting lines are arranged such that
an interval between adjacent detecting lines is identical.

5. The display device according to claim 1,

wherein each of the pixels includes:

a driving element including a source electrode and a drain
electrode; and

a light-emitting element including a first electrode and a
second electrode,

the first electrode is connected to one of the source elec-
trode and the drain electrode of the driving element, a
potential on the high-potential side is applied to one of
(1) the other of the source electrode and the drain elec-
trode and (ii) the second electrode, and a potential on the
low-potential side is applied to the other of (i) the other
of the source electrode and the drain electrode and (ii)
the second electrode.

6. The display device according to claim 5, further com-

prising

a first power line for electrically connecting the other of the
source electrodes and the drain electrodes of the driving
elements included in pixels adjacent in at least one of the
first direction and the second direction; and

a second power line for electrically connecting the second
electrodes of the light-emitting elements included in
pixels adjacent in the first direction and for electrically
connecting the second electrodes of the light-emitting
elements included in pixels adjacent in the second direc-
tion,

wherein the pixels receive power supply from the power
supply unit through the first power line and the second
power line.

7. The display device according to claim 5,

wherein the light-emitting element is an organic EL ele-
ment.
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