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A display device according to the present disclosure includes:
(73) Assignee: PANASONIC CORPORATION, Osaka a variable-voltage source supplying power source voltage; an
p) organic EL display unit including power lines on high-poten-
tial side and low-potential side that are connected to pixels; a
(21) Appl. No.: 13/495,303 potential difference detecting circuit detecting a potential on
. the high-potential side of a monitor pixel; a voltage drop
(22) Filed: Jun. 13, 2012 amount calculating circuit calculating an amount of voltage
Lo drop generated in the power line on the low-potential side
Related U.S. Application Data from video data and estimating a potential at, at least one
(63) Continuation of application No. PCT/JP2011/003885,  point of the power line on the low-potential side; and a signal
filed on Jul. 6, 2011. processing circuit regulating power source voltage to be sup-
plied from the variable voltage source such that a potential
Publication Classification difference between the potential on the high-potential side
detected by the potential difference detecting circuit and the
(51) Imt.CL potential on the low-potential side estimated by the voltage
G09G 3/30 (2006.01) drop amount calculating circuit reaches a predetermined
GOG6F 3/038 (2006.01) potential difference.
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FIG. 2
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FIG. 8A

Image A

FIG. 8B

Cathode side

Voltage drop
amount [V]




Patent Application Publication Jan. 10,2013 Sheet 9 of 25 US 2013/0009939 A1

FIG. 8C

Anode side

Voltage drop
amount [V]
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Image E
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FIG. 9B

Cathode side

/
/ Voltage drop
amount [V]

FIG. 9C

Anode side

/
[ Voltage drop
} amount [V]
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FIG. 10
Video data Required Required Required
(gradation voltage voltage voltage
level) (RED) (Green) (Blue)
0 4 4.2 3.5
1 4.1 4.3 3.5
2 4.1 4.4 3.6
3 4.2 4.5 3.6
176 8.3 9.6 6.7
177 8.5 9.9 6.9
253 10.5 11.4 8.2
254 10.8 11.8 8.3
255 11.2 12.2 8.4
FIG. 11
Potential Voltage
difference || drop
value [V] margin
0.0 0.0
0.2 0.2
0.4 0.4
0.6 0.6
3.4 3.4
3.6 3.6
5.6 5.6
5.8 5.8
6.0 6.0
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FIG. 17

Block columns

15 16

14
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FIG. 18

Voltage drop amount [V]

Block

columns n 5 L 8 o 16
Block rows

1 0.0 0.0 0.0 --- 0.0

2 1 0 - 9.0 - 1 O

5 1.0 - 90 .- 1 O

9 0.0 0.0 0.0 --- 0.0
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o-k----.Rev2

32

31

30

FIG. 19

Block columns
A
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Block rows < 3
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FIG. 20
Voltage drop amount [V]
Block
columns 1 2 . 16 L 35
Block rows
1 0.0 0.0 0.0 0.0
2 0.5 1.0 8.5 - 0.5
9 0.5 1.0 8.5 0.5
18 0.0 0.0 0.0 0.0
FIG. 21
9.2 *
9.0 et
In-screen 8-8 1= =
largest g g et
voltage &
drop 8.4 pess 2
amount 8.2 o
[V] s®°
8.0 [a®
7.8 ?

0 20 40 60 80 100 120
Block size (the number of pixels on one side)

(Fine) (Rough)
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Luminance A

Regular pixel ——_

Pixel having
monitor wire
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Gradation level of video data
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DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Patent
Application No. PCT/JP2011/003885 filed on Jul. 6, 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 light-emitting 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 voltage drop margin for
compensating for a voltage drop. In the same manner as the

Jan. 10, 2013

previously described power source circuit design and battery
capacity, since the power drop margin for compensating for a
voltage drop is set assuming the case where the power con-
sumption of the display becomes highest, unnecessary power
is consumed for typical natural images.

[0009] 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 compensat-
ing for a voltage drop is negligibly small. However, when
current increases with the enlargement of panels, the voltage
drop occurring in the power source wire no longer becomes
negligible.

[0010] 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 drop
margin for compensating 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.

[0011] 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

[0012] In 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 an
output potential on a high-potential side and an output poten-
tial on a low-potential side; a display unit including: a plural-
ity of pixels arranged in a matrix; a power line on the high-
potential side and a power line on the low-potential side that
are connected to each of the pixels, and which receives power
supply from the power supply unit; a voltage detecting unit
which detects a potential on one of the high-potential side and
the low-potential side among potentials applied to at least one
of the pixels in the display unit; a voltage estimating unit
which calculates an amount of voltage drop generated in the
power line on the other of the high-potential side and the
low-potential side from video data which is data indicating
luminance of each of the pixels and to estimate a potential at,
at least one point of the power line; and a voltage regulating
unit which regulates at least an output potential on one of the
high-potential side and the low-potential side to be supplied
from the power supply unit such that a potential difference
between the potential on one of the high-potential side and the
low-potential side detected by the voltage detecting unit and
the potential at the at least one point of the power line esti-
mated by the voltage estimating unit reaches a predetermined
potential difference.

Advantageous Effects of Invention

[0013] The present disclosure enables the implementation
of a display device having excellent power consumption
reducing effect.

BRIEF DESCRIPTION OF DRAWINGS

[0014] 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:
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[0015] FIG. 1 is a block diagram showing an outline con-
figuration of a display device according to the embodiment 1
of the present disclosure;

[0016] FIG. 2 is a perspective view schematically showing
a configuration of an organic EL display unit according to the
embodiment 1;

[0017] FIG. 3 is a diagram schematically illustrating a
model of the anode-side power source wire network in an
organic EL display unit having 1920 pixels horizontally and
1080 pixels vertically;

[0018] FIG.4 isacircuit diagram illustrating an example of
specific configuration of the pixel;

[0019] FIG. 51is a block diagram illustrating an example of
the specific configuration of the variable-voltage source;
[0020] FIG. 6 is a flowchart showing an operation of a
display device according to the embodiment 1 of the present
disclosure;

[0021] FIG. 7 is a flowchart illustrating an example of the
operation by the voltage drop amount calculating circuit and
the signal processing circuit included in the embodiment 1 of
the present disclosure;

[0022] FIG. 8A is a diagram schematically illustrating an
example of an image displayed on the organic EL display
unit;

[0023] FIG. 8B is a graph illustrating a voltage distribution
in a cathode-side power source line network calculated from
video signals indicating the image in FIG. 8A;

[0024] FIG. 8C is a graph illustrating a voltage distribution
of the anode-side power source line network calculated from
the video signals indicating the image in FIG. 8A;

[0025] FIG. 9A is a diagram schematically illustrating
another example of image displayed on the organic EL dis-
play unit;

[0026] FIG. 9B is a graph illustrating a voltage distribution
in a cathode-side power source line network calculated from
video signals indicating the image in FIG. 9A;

[0027] FIG.9C is a graph illustrating a voltage distribution
of the anode-side power source line network calculated from
the video signals indicating in FIG. 9A;

[0028] FIG. 10 is a chart illustrating an example of a
required voltage conversion table referred by the signal pro-
cessing circuit;

[0029] FIG.11 isachartillustrating an example of a voltage
margin conversion table referred by the signal processing
circuit;

[0030] FIG. 12 is a timing chart illustrating an operation of
the display device from Nth frame to N+2th frame;

[0031] FIG. 13 is a diagram schematically illustrating
images displayed on the organic EL display unit;

[0032] FIG. 14 is a flowchart showing an operation of a
display device according to the variation 1 of the embodiment
1 of the present disclosure;

[0033] FIG. 15 is a flowchart showing an operation of a
display device according to the variation 2 of the embodiment
1 of the present disclosure;

[0034] FIG. 16 is a flowchart showing an operation of a
display device according to the embodiment 2 of the present
disclosure;

[0035] FIG. 17 is a diagram schematically illustrating a
model of the second power source wire in an organic EL
display unit having 1920 pixels horizontally and 1080 pixels
vertically, when one block includes 120 pixels horizontally
and 120 pixels vertically;
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[0036] FIG. 18 is a chart illustrating a voltage drop amount
matrix for each block calculated when the blocks are roughly
divided;

[0037] FIG. 19 is a diagram schematically illustrating a
model of the second power source wire in an organic EL
display unit having 1920 pixels horizontally and 1080 pixels
vertically, when one block includes 60 pixels horizontally and
60 pixels vertically;

[0038] FIG. 20 is a chart illustrating the voltage drop
amount matrix for each block when the blocks are finely
divided;

[0039] FIG. 21 is a graph indicating a relationship, with
respect to a video signal, between the number of horizontal
and vertical pixels when blocking, and a largest value of
voltage drop calculated by the blocked model;

[0040] FIG. 22 is a block diagram showing an outline con-
figuration of a display device according to the embodiment 3
of'the present disclosure;

[0041] FIG. 23 is a block diagram showing an outline con-
figuration of a display device according to the variation of the
embodiment 3 of the present disclosure;

[0042] FIG. 24A is a diagram schematically illustrating an
example of an image displayed on the organic EL display
unit;

[0043] FIG.24Bisa graph indicating the amount of voltage
drop in the line x-x";

[0044] FIG. 25A is a diagram schematically illustrating
another example of an image displayed on the organic EL
display unit according to the embodiment 3;

[0045] FIG.25Bisa graphindicating the amount of voltage
drop at the first power source wire in the line x-x";

[0046] FIG. 26 is 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;

[0047] FIG. 27 schematically illustrates an image having
line defects;
[0048] FIG. 28 is a graph illustrating current-voltage char-

acteristics of the driving transistor and current-voltage char-
acteristics of the organic EL element; and

[0049] FIG. 29 is an external view of a thin flat TV in which
the display device according to the present disclosure is incor-
porated.

DESCRIPTION OF EMBODIMENTS

[0050] The display device according to the present disclo-
sure is a display device including: a power supply unit which
supplies an output potential on a high-potential side and an
output potential on a low-potential side; a display unit includ-
ing: a plurality of pixels arranged in a matrix; a power line on
the high-potential side and a power line on the low-potential
side that are connected to each of the pixels, and which
receives power supply from the power supply unit; a voltage
detecting unit which detects a potential on one of the high-
potential side and the low-potential side among potentials
applied to at least one of the pixels in the display unit; a
voltage estimating unit which calculates an amount of voltage
drop generated in the power line on the other of the high-
potential side and the low-potential side from video data
which is data indicating luminance of each of the pixels and to
estimate a potential at, at least one point of the power line; and
a voltage regulating unit which regulates at least an output
potential on one of the high-potential side and the low-poten-
tial side to be supplied from the power supply unit such that a
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potential difference between the potential on one of the high-
potential side and the low-potential side detected by the volt-
age detecting unit and the potential at the at least one point of
the power line estimated by the voltage estimating unit
reaches a predetermined potential difference.

[0051] With this, the amount of voltage drop due to the
resistance component of the power line is detected on one of
the power lines, and is calculated for the other of the power
lines, and the amount of voltage drop is fed back to the power
supply unit. Therefore, it is possible to reduce excess supply
voltage, reducing the power consumption.

[0052] Furthermore, compared to a case when both the
potentials on the high potential side and the low potential side
in the pixel are detected, it is possible to reduce the number of
detecting lines for detecting potentials, and the layout change
in the display unit can be simplified. Furthermore, compared
to the case in which both of the potentials on the high-poten-
tial side and the low-potential side are estimated based on the
power source line network model, the amount of voltage drop
is actually measured on one side of the electrode, which
allows setting the power source voltage more precisely. Regu-
lating at least one of the output potentials on the high potential
side and the low potential side on the power source unit
according to the amount of voltage drop generated from the
power source unit to at least one of the pixels allows reducing
the power consumption.

[0053] Furthermore, an aspect of the display device accord-
ing to the present disclosure the voltage estimating unit may
calculate a distribution of the amount of voltage drop for each
of first blocks, and estimate, for each pixel, an amount of
voltage drop generated on the power line on the other of the
high-potential side and the low-potential side for each pixel,
based on the distribution of the amount of voltage drop cal-
culated for the first blocks, each of the first blocks including
M pixels obtained by dividing the number of pixels in a row
direction and a column direction to be equal, where M is an
integer equal to or greater than 2.

[0054] With this, the operation amount can be significantly
reduced, and thereby reducing the cost as well.

[0055] Furthermore, an aspect of the display device accord-
ing to the present disclosure the voltage estimating unit may
further (i) calculate a distribution of the amount of voltage
drop for each of second blocks including N pixels obtained by
dividing the number of pixels in the column direction and the
row direction to be equal, where N is an integer equal to or
greater than 2 and is different from M, and (ii) estimate an
amount of voltage drop on the power line on the other of the
high-potential side and the low-potential side, based on the
distribution of the amount of voltage drop calculated for the
first blocks and the distribution of the amount of voltage drop
calculated for the second blocks.

[0056] With this, the voltage can be regulated with high
precision with small operation amount. Therefore, the power
consumption can be reduced further with low cost.

[0057] Furthermore, an aspect of the display device accord-
ing to the present disclosure the voltage regulating unit may
regulate at least an output potential on the high-potential side
and the low-potential side to be supplied from the power
supply unit, using a largest value in the distribution of the
amount of voltage drop estimated.

[0058] With this, it is possible to prevent the reduction in
luminance of the pixel due to insufficient voltage.
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[0059] Furthermore, an aspect of the display device accord-
ing to the present disclosure the voltage detecting unit may
detect potentials of the pixels in the display unit.

[0060] Furthermore, an aspect of the display device accord-
ing to the present disclosure the voltage regulating unit may
select a smallest potential of potentials on the high-potential
side detected by the voltage detecting unit or a largest poten-
tial of potentials on the low-potential side detected by the
voltage detecting unit, and regulate the power supply unit
based on the selected potential.

[0061] With this, if there are multiple potentials on the high
potential side or the low potential side detected, it is possible
to select the smallest or the largest potential of the detected
potentials. Therefore, the output potential from the power
supply unit can be more accurately regulated. Therefore,
power consumption can be effectively reduced even when the
size of the display unit is increased.

[0062] Furthermore, an aspect of the display device accord-
ing to the present disclosure may further include a high-
potential side detecting line having one end connected to the
pixel at which the potential on the high-potential side is
detected and the other end connected to the voltage regulating
unit, and for transmitting the potential on the high-potential
side; or a low-potential side detecting line having one end
connected to the pixel at which the potential on the low-
potential side is detected and the other end connected to the
voltage regulating unit, and for transmitting the potential on
the low-potential side.

[0063] With this, the voltage detecting unit can detect one
of'the potentials on the high potential side and the potential on
the low potential side in the pixel.

[0064] 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, one of (i) the other of the source electrode and the drain
electrode and (i) the second electrode is connected to one of
the power lines on the high-potential side and the low-poten-
tial side, and the other of the source electrode and the drain
electrode and the other of the second electrode are connected
to the other of the power lines on the high-potential side and
the low-potential side.

[0065] Furthermore, in an aspect of the display device
according to the present disclosure, the second electrode may
configure a part of a common electrode provided in common
with the pixels, and the common electrode is electrically
connected to the power supply unit such that the potential is
applied from a periphery of the common electrode.

[0066] With this, the closer to the center of the display unit,
the higher the amount of voltage drop is. In particular, when
the size of the display unit increases, 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 can be more appropriately regulated, which
reduces the power consumption further.

[0067] Furthermore, an aspect of the display device accord-
ing to the present disclosure the second electrode may be
formed of a transparent conductive material made of metal
oxide.

[0068] Furthermore, an aspect of the display device accord-
ing to the present disclosure the light-emitting element may
be an organic EL element.
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[0069] With this, the heat is suppressed along the decrease
in the power consumption. Therefore, the degradation in the
organic EL element can be suppressed.

[0070] The following shall describe the exemplary embodi-
ments of the present disclosure with reference to the draw-
ings. Note that, in all the figures, the same reference numerals
are given to the same or corresponding elements and redun-
dant description thereof shall be omitted.

[0071] (Embodiment 1)

[0072] The display device according to the embodiment 1
includes: a variable-voltage source which supplies an output
potential on a high-potential side and an output potential on a
low-potential side; an organic EL display unit including: a
plurality of pixels arranged in a matrix; a power line on the
high-potential side and a power line on the low-potential side
that are connected to each of the pixels, and which receives
power supply from the variable-voltage source; a potential
difference detecting circuit which detects a potential on one
of the high-potential side and the low-potential side among
potentials applied to at least one of the pixels in the organic
EL display display unit; a voltage drop amount calculating
circuit which calculates an amount of voltage drop generated
in the power line on the other of the high-potential side and the
low-potential side from video data which is data indicating
luminance of each of the pixels and to estimate a potential at,
at least one point of the power line; and a signal processing
circuit which regulates at least an output potential on one of
the high-potential side and the low-potential side to be sup-
plied from the variable-voltage source such that a potential
difference between the potential on one of the high-potential
side and the low-potential side detected by the potential dif-
ference detecting circuit and the potential at the at least one
point of the power line estimated by the voltage drop amount
calculating circuit reaches a predetermined potential differ-
ence.

[0073] Accordingly, the display device according to this
embodiment implements excellent power consumption
reducing effect.

[0074] Hereinafter, the embodiment 1 of the present disclo-
sure shall be specifically described with reference to the
drawings.

[0075] FIG. 1 is a block diagram showing an outline con-
figuration of the display device according to the embodiment
1 of the present disclosure.

[0076] 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 voltage
drop amount calculating circuit 150, a memory 155, a signal
processing circuit 160, a potential difference detecting circuit
170, a variable-voltage source 180, and a monitor wire 190.
[0077] FIG. 2 is a perspective view schematically illustrat-
ing the configuration of the organic EL display unit 110
according to the embodiment 1. Note that the lower portion of
the figure is the display screen side.

[0078] 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.

[0079] 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
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a monitor pixel 111M. The monitor pixel 111M is provided,
for example, near the center of the organic EL display unit
110

[0080] The first power source wire 112 is arranged in a
net-like manner to correspond to pixels 111 that are arranged
in a matrix, and is electrically connected to the variable-
voltage source 180 disposed at the peripheral part of the
organic EL display unit 110. In the embodiment 1, the first
power source wire 112 composes an anode side power source
line network. On the other hand, the second power source
wire 113 is formed in the form of a continuous film on the
organic EL display unit 110, and is electrically connected to
the variable-voltage source 180. In the embodiment 1, the
second power source wire 113 composes a cathode-side
power source line network. Through the output of a power
source voltage from the variable-voltage source 180, a volt-
age corresponding to the power source voltage outputted
from the variable-voltage source 180 is applied between the
first power source wire 112 and the second power source wire
113. 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
grounded to a common ground potential of the display device
100 at the peripheral part of the organic EL display unit 110,
for example.

[0081] In the first power source wire 112, horizontal resis-
tance component Rah and vertical resistance component Rav
exist. In the second power source wire 113, horizontal resis-
tance component Rch and vertical resistance component Rev
exist. Note that, although not illustrated, 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 scan-
ning line for controlling the timing at which the pixel emits
light and stops emitting light, and to a data line for supplying
signal voltage corresponding to the luminance of light emit-
ted from the pixel 111.

[0082] The optimal position of the monitor pixel 111M is
determined depending on the wiring method of the first power
source wire 112 and the second power source wire 113, the
values of the horizontal resistance component Rah and the
vertical resistance component Rav in the first power source
wire 112, and the values of the horizontal resistance compo-
nent Rch and the vertical resistance component Rev in the
second power source wire 113.

[0083] FIG. 3 is a diagram schematically illustrating a
model of the anode-side power wire network in the organic
EL display unit 110 having 1920 pixels horizontally and 1080
pixels vertically.

[0084] Each pixel is connected to neighboring pixels
above, below, on lateral sides by the horizontal resistance
component Rah and the vertical resistance component Ray,
and the power source voltage output from the variable-volt-
age source 180 is applied on the peripheral part.

[0085] FIG.4isacircuit diagram illustrating an example of
a specific configuration of the pixel 111.

[0086] The pixel 111 includes a driver and a light-emitting
element. The driver includes a source electrode and a drain
electrode. The light-emitting 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
ofthe driver. The high-side potential is applied to one of (i) the
other of the source electrode and the drain electrode and (ii)
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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. In the monitor pixel 111M, the monitor wire
190 is connected to the other of the source electrode and the
drain electrode of the driver. At least one pixel 111M is
provided on the organic EL display unit 110.

[0087] 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,
and the electrode on the cathode side of the organic EL
element 121 is an example of the second electrode.

[0088] 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 signal (video data) is applied to the
data line 122 by the data line driving circuit 120.

[0089] The scanning line 123 is connected to the write scan
driving circuit 130 and the gate electrode of the switch tran-
sistor 124, and switches between conduction and non-con-
duction of the switching transistor 124 according to the volt-
age applied by the write scan driving circuit 130.

[0090] 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).

[0091] The driving transistor 125 is a driver 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 voltage held in the capacitor 126.
[0092] In the monitor pixel 111M, the source electrode of
the driving transistor 125 is connected to the monitor wire
190. In the monitor pixel 111M, the cathode electrode of the
organic EL element 121 is a cathode of the pixel 111M. 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
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electrode of the driving transistor 125 when the switch tran-
sistor 124 becomes non-conductive. Specifically, the capaci-
tor 126 holds a voltage corresponding to the signal voltage.
[0093] The following shall describe the function of the
components illustrated in FIG. 1 with reference to FIGS. 2 to
4.

[0094] The data line driving circuit 120 outputs signal volt-
age corresponding to video data, to the pixels 111 via the data
lines 122.

[0095] 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 between conduction and non-conduction 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. Therefore, the pixels 111 emit light
with a luminance that is in accordance with the video data.
[0096] The control circuit 140 instructs the drive timing to
each of the data line driving circuit 120 and the write scan
driving circuit 130.

[0097] The potential difference detecting circuit 170,
which is the voltage detecting unit according to the present
disclosure in this embodiment, measures the anode-side
potential applied to the monitor pixel 111M. Specifically, the
potential difference detecting circuit 170 measures, via the
monitor wire 190, the anode-side potential applied to the
monitor pixel 111M. Subsequently, the potential difference
detecting circuit 170 measures the output voltage from the
variable-voltage source 180, and measures the potential dif-
ference AV between the output voltage and the anode-side
potential that is detected. More specifically, the potential
difference AV is the amount of voltage drop on the anode side
of the monitor pixel 111M. Subsequently, the potential dif-
ference detecting circuit 170 outputs the measured potential
difference AV to the signal processing circuit 160.

[0098] The memory 155 is a storage unit in which the
horizontal resistance component Rah and the vertical com-
ponent Rav in the first power source wire 112 and the hori-
zontal resistance component Rch and the vertical resistance
component Rev in the second power supply line 113, which
are illustrated in FIGS. 2 and 3 are stored in advance.
[0099] The voltage drop amount calculating circuit 150 is
an example of a voltage estimating unit, and estimates a
distribution of voltage drop in the second power source wire
113 for each pixel 111, based on the video signal input to the
display device 100, the horizontal resistance component Rch
and the vertical resistance component Rcv in the second
power source wire 113 read from the memory 155, and out-
puts the estimated distribution of voltage drop to the signal
processing circuit 160.

[0100] In addition, the voltage drop amount calculating
circuit 150 detects a peak value of the video data input to the
display device 100, and outputs the peak signal indicating the
detected peak value to the signal processing circuit 160. More
specifically, the voltage drop amount calculating 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.

[0101] The signal processing circuit 160 is a voltage regu-
lating unit according to the present disclosure in the embodi-
ment 1, and regulates the variable-voltage source 180 such
that the potential difference between the potential on the
anode side of the monitor pixel 111M and the potential on the
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cathode side of the predetermined pixel is the predetermined
potential difference, using the distribution of the voltage drop
on the cathode side output from the voltage drop amount
calculating circuit 150, the peak signal, and the potential
difference AV detected by the potential difference detecting
circuit 170. More specifically, the signal processing circuit
160 determines the voltage required for the organic EL ele-
ment 121 and the driving transistor 125 when the peak signal
output from the voltage drop amount calculating circuit 150 is
used to emit light from the pixel 111. The signal processing
circuit 160 calculates a voltage margin based on the distribu-
tion of the amount of voltage drop estimated on the voltage
drop amount calculating circuit 150 and the potential differ-
ence AV, which is the amount of voltage on the anode side
detected by the potential difference detecting circuit 170.
Subsequently, a sum of the voltage VEL required for the
organic EL element 121 and the voltage VIFT required for
the driving transistor 125, and the voltage margin Vdrop that
are 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.

[0102] In other words, the signal processing circuit 160
regulates the power source voltage which is the potential
difference between the anode-side output potential and the
cathode-side output potential, output by the variable-voltage
source 180, according to the signal indicating the voltage
margin Vdrop. More specifically, the signal processing circuit
160 controls the variable-voltage source 180 such that that
power supply voltage increases as much as the voltage margin
Vdrop.

[0103] Note that, the potential on the cathode side of the
predetermined pixel may be a potential on the cathode side of
the pixel having the largest amount of voltage drop in the
distribution of the amount of voltage drop on the cathode side
estimated by the voltage drop amount calculating circuit 150,
or may alternatively be a potential on the cathode side of the
pixel 111M estimated by the voltage drop amount distribu-
tion, for example.

[0104] Inaddition, the signal processing circuit 160 outputs
the signal voltage corresponding to the video data input
through the voltage drop amount calculating circuit 150 to the
data line driving circuit 120.

[0105] The variable-voltage source 180 is a power supply
unit in the embodiment 1, 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 is a voltage-variable power source which outputs
an output voltage Vout setting the potential difference
between the potential on the anode side of the monitor pixel
111M detected by the potential difference detecting circuit
170 and the potential on the cathode side calculated based on
the voltage drop amount distribution estimated by the voltage
drop amount calculating circuit 150 to a predetermined
potential difference (VEL+VTFT), using the first reference
voltage Vref output by the signal processing circuit 160.
[0106] Themonitorwire 190 is ahigh-potential side detect-
ing line which has one end connected to the monitor pixel
111M and the other end connected to the potential difference
detecting circuit 170, and transmits the high-side potential
applied to the monitor pixel 111M to the potential difference
detecting circuit 170.

[0107] Note that, inthe embodiment 1, an example in which
the potential on the anode side is measured and detected by
the monitor pixel 111M, and the potential on the cathode side
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is estimated by the voltage distribution of the power source
line network. However, the potential on the anode side may be
calculated based on the estimation of the voltage drop amount
distribution by the voltage drop amount calculating circuit
150, and the potential on the cathode side may be measured
and detected by the monitor pixel 111M. More specifically,
the monitor wire may be a low-potential side detecting line
which has one end connected to the monitor pixel 111M and
the other end connected to the potential difference detecting
circuit 170, and transmits the low-side potential applied to the
monitor pixel 111M to the potential difference detecting cir-
cuit 170.

[0108] Next, a detailed configuration of the variable-volt-
age source 180 shall be briefly described.

[0109] FIG. Sis a block diagram showing an example of a
specific configuration of a variable-voltage source. Note 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.

[0110] 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. Note 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 it is assumed that conver-
sion, for example, from 100 V AC to 20 V DC has already
been carried out.

[0111] 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.

[0112] 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.

[0113] 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
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.
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[0114] 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 a long ON duty when the potential difference between
the output voltage Vout and the first reference voltage Vrefl 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 Vref1 is small. Note that the ON
period of a pulse waveform is a period in which the pulse
waveform is active.

[0115] The drive circuit 183 turns on the switch SW during
the period in which the pulse waveform outputted by the
PWM 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.

[0116] The switch SW is switched between conduction and
non-conduction 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 the state of conduction. Accordingly, from 0V,
the output voltage Vout gradually approaches 20 V (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.

[0117] 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.

[0118] 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.

[0119] The potential of the output voltage Vout, while hav-
ing slight voltage fluctuations, eventually settles to a potential
in the vicinity of Vout=Vrefl.

[0120] 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.

[0121] Next, the operation of the aforementioned display
device 100 shall be described using FIGS. 6 to 13.

[0122] FIG. 6 is a flowchart illustrating an operation of the
display device 100 according to the embodiment 1 of the
present disclosure.

[0123] In the operation for controlling the voltage of the
power source line in the display device 100 includes estimat-
ing amount of voltage drop at the cathode by the voltage drop
amount calculating circuit 150 (S10), measuring the amount
of voltage drop on the anode by the potential difference
detecting circuit 170 (S20), and calculating voltage required
for driving pixel by the voltage drop amount calculating cir-
cuit 150 and the signal processing circuit 160 (S30) are con-
currently performed in parallel. Subsequently, using the
parameters obtained in the steps, the power source voltage is
regulated by the signal processing circuit 160. The following
shall describe the voltage control operation in the power
source in the display device 100 shall be described in detail.
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[0124] First, the voltage drop amount calculating circuit
150 updates the matrix of the video signal, and creates a
voltage drop (increase) amount matrix for the second power
source wire 113 (step S10). The details of step S10 shall be
described later.

[0125] The potential difference detecting circuit 170 mea-
sures the potential on the anode side in the monitor pixel
111M, and detects the potential difference AV between the
anode side potential and the output voltage from the variable-
voltage source 180 (S20).

[0126] The voltage drop amount calculating circuit 150
updates the matrix of the video signal (S310), and detects a
peak gradation level from the matrix of the updated vide
signal (S320). The signal processing circuit 160 calculates the
voltage (VIFT+VEL) required for the driving transistor and
the organic EL element included in each pixel 111, based on
the peak gradation level detected by the voltage drop amount
calculating circuit 150 (S330). The series of operation from
the step S310 to S330 corresponds to step S30.

[0127] Next, the signal processing circuit 160 creates a
voltage drop amount matrix which is the total amount of
voltage drop between the anode side and the cathode side
from the voltage drop (increase) amount matrix in the second
power supply wire 113 created in step S10 and the potential
difference LV which is the amount of voltage drop on the
anode side in the monitor pixel 111M measured in step S20
(8410).

[0128] Next, the signal processing circuit 160 searches the
voltage drop amount matrix between the anode side and the
cathode side created in step S410 for a largest amount of
voltage drop between the anode side and the cathode side
(8420).

[0129] Next, the signal processing circuit 160 calculates the
voltage margin Vdrop from the largest amount of voltage drop
between the anode side and the cathode side searched in step
S420, and sets the reference voltage Vrefl to be set as the
output voltage from the variable-voltage source 180 based on
the voltage margin Vdrop, VIFT+VEL calculated in step
S330 (S430).

[0130] Finally, the signal processing circuit 160 and the
variable-voltage source 180 regulate the output voltage from
the variable-voltage source 180 to be the reference voltage
Vrefl set in step S430 (S440).

[0131] Here, the operations by the voltage drop amount
calculating circuit 150 and the signal processing circuit 160
shall be described in detail focusing on the operation by step
S10 described above.

[0132] FIG. 7 is a flowchart illustrating an example of the
operation by the voltage drop amount calculating circuit 150
and the signal processing circuit 160 included in the display
device 100 according to the embodiment 1 of the present
disclosure. The operational flowchart illustrated at the center
of FIG. 7 is an excerpt of the operation in step S10 by the
voltage drop amount calculating circuit 150 and the operation
in step S410 to S440 by the signal processing circuit 160
among the operational flow of the display device 100 accord-
ing to the present disclosure in FIG. 6. Furthermore, FIG. 7 is
a diagram illustrating the voltage distribution in the power
source line network is calculated not for each frame but for
each pixel row in steps S140 and S150. A transition from the
image A to the image E is illustrated on the left side of FIG. 7.
To put it differently, a period from the image A to the image E
corresponds to one frame period. The following shall
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describe the operation using calculation of voltage distribu-
tion in the power source line network in the image B as an
example.

[0133] First, the voltage drop amount calculating circuit
150 inputs the video signal for one pixel row updated between
the image A and the image B (S01).

[0134] Next, the voltage drop amount calculating circuit
150 updates the matrix of the video signal being held (S110).
More specifically, in the video signal matrix data 201 illus-
trated on the right side of FIG. 7, gradation level data of the
first pixel row is updated between the image A and the image
B.

[0135] Next, the voltage drop amount calculating circuit
150 creates the pixel current matrix using the updated matrix
of the video signal and the conversion formula to the pixel
current or the conversion table to the pixel current. More
specifically, in the pixel current matrix data 202 illustrated on
the right side of FIG. 7, the pixel current data in the first pixel
row is updated between the image A and the image B.
[0136] Next, the voltage drop amount calculating circuit
150 reads the horizontal resistance component Rch and the
vertical resistance component Rcv in the second power
source wire 113 from the memory 155 (step S130).

[0137] Next, the voltage drop amount calculating circuit
150 calculates the voltage distribution of the second power
source wire 113 (step S140). More specifically, when the
amount of voltage drop of the second power source wire 113
is ve(h, v), and the pixel current is i(h, v) in the second power
source wire 113 in the pixel coordinates (h, v), the following
equation 1 is derived with respect to the current i (h, v) in the
pixel coordinates (h, v).
Rehx{ve (h-1, v)-ve (h, v)}+Rehx{ve (h+1, v)-vc (h,
v)}

+Revx{vc (h, v—=1)-ve (h, v)}+Revx{ve (h, v+1)-ve
(b, )}

=i (h, v) (Equation 1)

[0138] However, h is an integer from 1 to 1920, and v is an
integer from 1 to 1080. In addition, since ve (0, v) and ve
(1921, v), ve (h, 0), ve (h, 1081) are the amount of voltage
drop generated in the wire from the variable-voltage source
180 to the organic EL display unit 110 and are sufficiently
small to be approximated by 0. In addition, as described
above, Rch is the horizontal resistance component (admit-
tance) of the second power source wire 113 and Rev is the
vertical resistance component (admittance) of the second
power source wire 113.

[0139] 1920x1080 first-order simultaneous equations for
1920x1080 unknown variables vc (h, v) are obtained by
deriving the equation 1 for each pixel 111. Therefore, the
voltage drop vc (h, v) in the voltage in the second power
source wire 113 in each pixel can be obtained by solving the
first-order simultaneous equations. More specifically, the
voltage distribution on the second power source wire 113 can
be calculated for each pixel 111.

[0140] FIG. 8A is a diagram schematically illustrating an
example of the image displayed on the organic EL display
unit 110.

[0141] The image A illustrated in FIG. 8A is the image A
illustrated in FIG. 7. In the image A, the central part of the
organic EL display unit 110 is white, and the rest of the
organic EL display unit 110 is black.
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[0142] FIG. 8B is a graph indicating voltage distribution of
the second power source wire 113 calculated from the video
signal indicating the image A. X axis in FIG. 8B indicates the
pixel coordinate in column direction, y axis indicates the
pixel coordinate in row direction, and z axis indicates the
amount of voltage drop. More specifically, the pixel coordi-
nates (0, v) corresponds to x axis, and the pixel coordinates (h,
0) corresponds to y axis.

[0143] The voltage drop amount calculating circuit 150
calculates the voltage drop (increase) amount in the second
power source wire 113. Here, the second power source wire
113 is formed as a continuous film. Accordingly, the voltage
drop (increase) amount ve (h, v) in the second power source
wire 113 is its largest at the center of the organic EL display
unit 110, that is at the pixel coordinates (960, 540).

[0144] Furthermore, the voltage drop amount calculating
circuit 150 according to the embodiment 1 can not only cal-
culate the voltage drop (increase) amount in the second power
source wire 113, but also calculate the amount of voltage drop
of the first power source wire 112. The following shall
describe a case in which the amount of voltage drop in the first
power source wire 112 is calculated for the image A as an
example.

[0145] FIG. 8Cis a graph indicating voltage distribution of
the first power source wire 112 calculated from the video
signal indicating the image A. X axis in FIG. 8C indicates the
pixel coordinate in column direction, y axis indicates the
pixel coordinate in row direction, and z axis indicates the
amount of voltage drop. More specifically, the pixel coordi-
nates (0, v) corresponds to x axis, and the pixel coordinates (h,
0) corresponds to y axis. It is assumed that the first power
source wire 112 is a one-dimensional wire having the vertical
resistance component Rav illustrated in FIGS. 2 and 3 to be
substantially infinite. In other words, the first power source
wires 112 each provided corresponding to a row of pixels 111
are provided parallel to a horizontal direction (row direction).
With this, the amount of voltage drop in the first power source
wire 112 in a row corresponding to the white region in the
image A gradually increases toward the center of the screen.
In contrast, the amount of voltage drop in the first power
source wire 112 other than the rows corresponding to the
white region in the image A is substantially 0.

[0146] Note that, the process for calculating the voltage
distribution of the second power source wire 113, or the
process for calculating the voltage distribution of the first
power source wire 112 (step S140) is an example of the
estimation step.

[0147] The voltage distribution in the second power source
wire 113 and the voltage distribution in the first power source
wire 112 when the video signal different from the video signal
indicating the image A is input to the display device 100 shall
be described.

[0148] FIG. 9A is a diagram schematically illustrating
another example of an image displayed on the organic EL
display unit. The image E illustrated in FIG. 9A is the image
E in FIG. 7, and has a white region with the same size as the
white region in the image A in FIG. 8A, and displayed on a
different position from the white region in the image A. More
specifically, in the image E, the white region includes the
pixel coordinates (1, 1).

[0149] FIG. 9B is a graph indicating voltage distribution of
the second power source wire 113 calculated from the video
signal indicating the image E. X axis in FIG. 9B indicates the
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pixel coordinate in column direction, y axis indicates the
pixel coordinate in row direction, and z axis indicates the
amount of voltage drop.

[0150] Compared to the voltage distribution of the second
power source wire 113 illustrated in FIG. 8B, the voltage
distribution in the second power source wire 113 illustrated in
FIG. 9B has a distribution peak shifted to the left, and a lower
peak voltage. More specifically, while the largest value of the
voltage distribution in the second power source wire 113
illustrated in FIG. 8B is 5 to 6 V, the largest value of the
voltage distribution in the second power source wire 113 is 3
to 4V, that is, a reduction by approximately 2V.

[0151] To putis differently, the largest value of the voltage
distribution in the second power source wire 113 have a
different value depending on the image. More specifically,
although the size of the white region is the same in the image
A and E, the largest value of the voltage distribution in the
second power source wire 113 is different since the white
region is displayed on different positions.

[0152] FIG.9C s a graph indicating voltage distribution of
the first power source wire 112 calculated from the video
signal indicating the image E. X axis in FIG. 9C indicates the
pixel coordinate in column direction, y axis indicates the
pixel coordinate in row direction, and z axis indicates the
amount of voltage drop.

[0153] Compared to the voltage distribution of the first
power source wire 112 illustrated in FIG. 8C, the voltage
distribution in the first power source wire 112 illustrated in
FIG. 9C has a distribution peak shifted to the left, and a lower
peak voltage. More specifically, while the largest value of the
voltage distribution in the first power source wire 112 illus-
trated in FIG. 8C is 7 to 8 V, the largest value of the voltage
distribution in the first power source wire 112 in FIG. 9C is 4
to 5V, showing a reduction by approximately 3V.

[0154] To putis differently, the largest value of the voltage
distribution in the first power source wire 112 have a different
value depending on the image. More specifically, although
the size of the white region is the same in the image A and E,
the largest value of the voltage distribution in the first power
source wire 112 is different since the white region is dis-
played on different positions.

[0155] As described above, when the voltage drop amount
distribution significantly changes depending on the image, it
is necessary to provide multiple detecting wires in order to
specify the monitor pixels and measure the actual amount of
voltage drop. When multiple detecting lines are provided,
layout and the number of detecting lines must be considered
such that the detecting lines are not visible when the image is
displayed on the display panel. In view of this perspective, the
estimation method for the amount of voltage drop using the
power source line network described above is used for the
electrodes on the side indicating significant change in amount
of'voltage drop depending on the display image. Meanwhile,
for the electrodes on the side in which the tendency of the
amount of voltage drop does not change depending on display
image but the absolute values of the amount of voltage drop
significantly change, actually measuring the data by provid-
ing detecting lines allows achieving the effect of maximum
reduction in power consumption.

[0156] The description continues with reference to the
operational flowchart in FIG. 7 again.

[0157] Next, the voltage drop amount calculating circuit
150 creates the voltage drop amount matrix in the second
power source wire 113 (S150). More specifically, the voltage
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distribution data 203 in the second power source wire 113
illustrated on the right side of FIG. 7 is created.

[0158] Next, the signal processing circuit 160 creates the
voltage drop amount distribution between the anode side and
the cathode side from the voltage drop amount matrix in the
second power source wire 113 created in step S150 and the
potential difference AV detected in step S20 (S410). More
specifically, the voltage drop amount matrix data 204
between the cathode and the anode illustrated on the right side
of FIG. 7 is created. For example, the voltage drop amount
matrix data 204 is calculated by simply adding the potential
difference AV (1.5 V) which is the amount of voltage drop on
the anode side detected in step S20 to the amount of voltage
drop on the cathode side in each pixel in the voltage distribu-
tion data 203 in the second power source wire 113.

[0159] Next, the signal processing circuit 160 determines
the largest amount of voltage drop, based on the voltage drop
amount matrix data 204. More specifically, in the voltage
drop amount matrix data 204 illustrated on the right side of
FIG. 7, the largest amount of voltage drop data is determined
to be 5.6 V (540th row, 960th column).

[0160] Next, the voltage drop amount calculating circuit
150 sets the voltage calculated by adding the voltage margin
calculated from the largest amount of voltage drop to the
voltage required for driving the drive transistor and the
organic EL element as a power source voltage. More specifi-
cally, when the required voltage for the drive transistoris 5V,
and the required voltage for the organic EL element is 6V, the
power source voltage is set to be 16.6 V, calculated by adding
the voltages and the largest amount of voltage drop 5.6V.
[0161] Finally, the signal processing circuit 160 and the
variable-voltage source 180 regulate the output voltage from
the variable-voltage source 180 to be the reference voltage
Vrefl set in step S430 (S440). More specifically, the signal
processing circuit 160 outputs 16.6 V to the variable-voltage
source 180 as Vrefl.

[0162] Using the process for controlling the power source
voltage corresponding to the image B described above as one
unit, the process is performed each time the video signal data
for one pixel row is updated.

[0163] Note that, in FIG. 7, when the process for the image
E is performed after the process for the image A is performed,
instead of performing the process for each pixel row, this
corresponds to the case in which the process is performed for
one frame.

[0164] Alternatively, instead of performing the process for
one pixel row, the process may be performed on multiple
pixels rows as one unit.

[0165] Theaspectinwhich the processis performed forone
frame has an advantage of ensured process time for one
process. On the other hand, the aspect in which the process is
performed for each pixel row requires high-speed process but
has an advantage of increased accuracy upon setting the
power source voltage.

[0166] Next, step S30 in the operational flowchart illus-
trated in FIG. 6 shall be described in detail.

[0167] First, the voltage drop amount calculating circuit
150 obtains video signal data for one frame or a pixel row
input to the display device 100, and updates the matrix of the
video signal (step S310). For example, the voltage drop
amount calculating circuit 150 has a buffer, and accumulates
the video data for one frame period in that buffer.

[0168] Next, the voltage drop amount calculating circuit
150 detects the peak value of the obtained video data (step



US 2013/0009939 Al

S320), and outputs a peak signal indicating the detected peak
signal to the signal processing circuit 160. More specifically,
the voltage drop amount calculating 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 (lumi-
nance 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 voltage drop amount
calculating circuit 150 detects 177 as the peak value of R, 177
as the peak value of G, and 176 as the peak value of B, and
outputs the peak signals indicating the pixel values of the
colors to the signal processing circuit 160.

[0169] Next, the signal processing circuit 160 determines a
voltage VTFT required for the drive transistor 125 and a
voltage VEL required for the organic ELL element 121 for
causing the organic EL element 121 to emit light with a peak
value output from the voltage drop amount calculating circuit
150 (step S330). Specifically, the signal processing circuit
160 determines the VIFT+VEL corresponding to the grada-
tion levels for each color, using a required voltage conversion
table indicating the required voltage VIFT+VEL corre-
sponding to the gradation levels for each color.

[0170] FIG. 10 is a chart illustrating an example of the
required voltage conversion table referred by the signal pro-
cessing circuit 160. As illustrated in FIG. 10, the required
voltage VIFT+VEL corresponding to the gradation levels of
the colors 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 6.7 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 G. Therefore, the signal processing circuit
160 determines VIFT+VEL to be 9.9 V.

[0171] Next, steps S430 and S440 in the operational flow-
charts illustrated in FIGS. 6 and 7 shall be described in detail.

[0172] First, the signal processing circuit 160 determines
the voltage margin Vdrop from the potential difference AV
corresponding to the voltage drop on the anode side detected
by the potential difference detecting circuit 170 and the volt-
age drop (increase) amount on the cathode side calculated by
the voltage drop amount calculating circuit 150. More spe-
cifically, the signal processing circuit 160 includes a voltage
margin conversion table indicating the voltage margin Vdrop
corresponding to the potential difference between the poten-
tial difference AV and the potential on the cathode side cal-
culated by the voltage drop amount calculating circuit 150,
and determines the voltage margin Vdrop with reference to
the conversion table.

[0173] FIG. 11 is a chart illustrating an example of the
voltage margin conversion table included in the signal pro-
cessing circuit 160. As illustrated in FIG. 11, in the voltage
margin conversion table, the voltage margin Vdrop corre-
sponding to the potential difference value which is a sum of
the potential difference AV and the calculated voltage drop
(increase) amount on the cathode side is stored. For example,
when the potential difference value is 3.4 V, the voltage mar-
gin Vdrop is 3.4 V. Therefore, the signal processing circuit
160 determines the voltage drop margin Vdrop to be 3.4 V.
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[0174] As shown in the voltage margin conversion table,
the relationship between the potential difference value and
the voltage margin Vdrop is an increasing function. Further-
more, 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 value
and the output voltage Vout is an increasing function.

[0175] Next, the signal processing circuit 160 determines
the output voltage Vout to be output by the variable-voltage
source 180 in the next frame period. More specifically, the
output voltage Vout to be output by the variable-voltage
source 180 in the next frame period is set to be VIFT+VEL+
Vdrop which is a sum of VIFT+VEL which is the voltage
required for the organic EL element 121 and the drive tran-
sistor 125 and the voltage margin Vdrop corresponding to the
potential difference value (S430).

[0176] Finally, the signal processing circuit 160 regulates
the variable-voltage source 180 by setting the first reference
voltage Vrefl as VIFT+TEL+Vdrop at the beginning of the
next frame period. With this, in the next frame period, the
variable-voltage source 180 supplies Vout=VTFT+VEL+
Vdrop to the organic EL display unit 110 (S440).

[0177] As described above, the display device 100 accord-
ing to the embodiment 1 includes the variable-voltage source
180, the potential difference detecting circuit 170, the voltage
drop amount calculating circuit 150, and the signal process-
ing circuit 160. 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 170 detects the amount of voltage drop on the
anode side by measuring the anode side potential applied to
the monitor pixel 111M and the output voltage Vout from the
variable-voltage source 180. The voltage drop amount calcu-
lating circuit 150 calculates the amount of voltage drop gen-
erated on the power source line on the cathode side from the
video data and estimates the amount of voltage drop in at least
one point of the power source line. The signal processing
circuit 160 regulates the variable-voltage source 180 such that
the voltage applied to the monitor pixel 111M is the prede-
termined voltage (VIFT+VEL) by the detected amount of
voltage drop on the anode side and the calculated amount of
voltage drop on the cathode side.

[0178] With this, the display device 100 detects and calcu-
lates the voltage drop by the horizontal resistance component
Rah and the vertical resistance component Rav in the first
power source wire 112 and the voltage increase by the hori-
zontal resistance component Rch and the vertical resistance
component Rev in the second power source wire 113, and
feeds the voltage drop and the voltage increase back to the
variable-voltage source 180. With this, excess in the supply
voltage can be reduced, reducing the power consumption.
[0179] Furthermore, in the display device 100 according to
the embodiment 1, the number of the detecting lines can be
reduced, and the design change in the layout of the display
panel can be simplified, compared to a case in which both of
the high-potential side potential and the low-potential side
potential applied on the pixel are detected by providing the
detecting lines are detected.

[0180] In addition, in the display device 100 according to
the embodiment 1, the actual data is measured by the detect-
ing lines on one side of the electrodes, compared to a case in
which both of the high-potential side potential and the low-
potential side potential applied to the pixels are estimated by
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the power source line network model. Accordingly, more
highly accurate power source voltage can be set.

[0181] Furthermore, by reducing the power consumption,
the heat generated by the organic EL element 121 is sup-
pressed, thereby preventing the degradation of the organic EL
element 121.

[0182] 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. 12 and 13.
[0183] First, the video data that is assumed to have been
inputted in the Nth frame and the N+1th frame shall be
described.

[0184] 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.

[0185] 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.

[0186] 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.

[0187] FIG. 12 is a timing chart showing the operation of
the display device 100 from the Nth frame to the N+2th frame.
[0188] The potential difference between the anode side and
the cathode side, and the potential difference from the power
source voltage output by the variable-voltage source 180, the
output voltage

[0189] Vout from the variable-voltage source 180, and the
pixel luminance of the monitor pixel 111M are shown in the
figure. Furthermore, a blanking period is provided at the end
of each frame period.

[0190] FIG. 13 is diagram schematically showing images
displayed on the organic EL display unit.

[0191] In a time t=T10, the signal processing 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 voltage drop amount calculat-
ing 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
determines the required voltage VIFT+VEL for the N+1th
frame to be, for example, 12.2 V.

[0192] Meanwhile, the potential difference detecting cir-
cuit 170 detects the anode-side potential at the detecting point
M1 via the monitor wire 190, and detects the potential differ-
ence AV which is the difference between the aforementioned
potential and the output voltage Vout outputted from the
variable-voltage source 180. For example, in the time t=T10,
based on the potential difference between the potential dif-
ference AV and the cathode-side potential calculated by the
voltage drop amount calculating circuit 150, the voltage drop
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margin Vdrop in the N+1th frame is determined to be 1V,
using the voltage margin conversion table.

[0193] 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.

[0194] (a) in FIG. 13 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.

[0195] Intime t=T11, the signal processing circuit 160 sets
the voltage of the first reference voltage Vrefl as the sum of
VTFT+VEL+Vdrop (for example, 13.2 V) of the determined
required voltage VIFT+VEL and the voltage drop margin
Vdrop.

[0196] Over atime t=T11 to T16, the image corresponding
to the video data of the N+1th frame is sequentially displayed
on the organic EL display unit 110 ((b) to (f) in FIG. 13). 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 110 gradually increases over atime t=T11to T16,
and the voltage drop in the first power source wire 112 and the
voltage rise in the second power source wire 113 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.

[0197] Inatimet=T16,the voltage drop amount calculating
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
VTFT+VEL for the N+2th frame to be, for example, 12.2 V.

[0198] Meanwhile, the potential difference detecting cir-
cuit 170 detects the anode-side potential at the detecting point
M1 via the monitor wire 190, and detects the potential differ-
ence AV which is the difference between the aforementioned
potential and the output voltage Vout outputted from the
variable-voltage source 180. For example, in the time t=T16,
based on the potential difference between the potential dif-
ference AV and the cathode-side potential calculated by the
voltage drop amount calculating circuit 150, the voltage drop
margin Vdrop in the N+1th frame is determined to be 3 V,
using the voltage margin conversion table.

[0199] Intime t=T17, the signal processing circuit 160 sets
the voltage of the first reference voltage Vrefl as the sum
VTFT+VEL+Vdrop (for example, 15.2 V) of the determined
required voltage VIFT+VEL and the voltage drop margin
Vdrop. Therefore, from the time t=17 onward, the potential
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difference between the anode side and the cathode side of the
monitor pixel 111M is VIFT+VEL which is the predeter-
mined potential.

[0200] 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.
[0201] Note that, in the display device 100 according to the
embodiment 1, the reference voltage Vrefl to be input to the
variable-voltage source 180 not only changes depending on
the anode-side potential detected by the potential difference
detecting circuit 170 and the cathode-side potential estimated
by the voltage drop amount calculating circuit 150, but also
changes depending on the peak signal detected for each frame
from the input video data. However, in the display device
according to the present disclosure, it is not essential to set
VEL+VTFT which is the component of the reference voltage
Vrefl to a voltage required for the light-emission of the peak
signal detected for each frame from the video data, and may
always be a voltage required for emitting the light of the
highest gradation level (for example, level 255), regardless of
the video data.

[0202] More specifically, the voltage drop amount calcu-
lating circuit 150 does not always have to detect the peak
value of the video data input to the display device 100. The
voltage drop amount calculating circuit 150 may always out-
put data of the highest gradation level (for example, the data
of the level 255) to the signal processing circuit 160.

[0203] Note that, in the display device 100 according to the
embodiment 1, it is preferable to adjust the voltage margin in
response to the change in temperature. More specifically, a
temperature sensor is provided in the organic EL display unit
110, and the voltage drop amount calculating circuit 150
updates the video signal-pixel current conversion table (or
conversion formula) according to the monitored value (mea-
sured temperatures) of the temperature sensor, for example.
The following shall describe the display device in consider-
ation of the change in temperature. First, in the display device
100 according to the embodiment 1, a problem possible to a
case of temperature change shall be described. When the
temperature of the organic EL display unit 110 changes, the
mobility and the threshold voltage of the drive transistor 125
changes, and the resistance of the organic EL element 121
changes as well. For example, when the temperature
increases, the mobility of the drive transistor 125 increases
and the current is more likely to flow in the drive transistor
125. In addition, the resistance in the organic EL element 121
is reduced as well, and the current is more likely to flow in the
organic EL element 121. With this, the voltage drop amount
calculating circuit 150 is affected by the temperature when
converting the video signal into the pixel current, causing an
error. For example, when the temperature of the organic EL
display unit 110 is 25° C., the video signal of level 128 is
converted to a pixel current of 1 pA. When the temperature is
60° C., the actual flow of the pixel current for level 128 is the
1.2 pA.

[0204] Ifthe flow transitions to the following voltage drop
amount calculating flow without taking the change in the
pixel current by the temperature into consideration, despite
the fact that the current equal to or higher than the estimation
(approximately 1.2 times higher) flows, the pixel current
value for 25° C. is calculated in the pixel current calculating
flow by the voltage drop amount calculating circuit 150. With
this, the amount of voltage drop calculated by the voltage
drop amount calculating circuit 150 is lower than the actual
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value (for example, although the actual voltage drop is 2.4V,
the voltage drop is calculated to be 2.0 V due to the increase
in temperature in the calculation flow). Here, if the voltage
margin that is initially set is 5 V, the amount of voltage drop is
calculated as 2 V in the calculating flow of the amount of
voltage drop. Thus, the display device makes an adjustment to
reduce the power source voltage for 3V (5 V-2V). However,
the actual voltage drop is 2.4 V, and thus reducing the power
source voltage by 3 V sets the power source voltage lower by
0.4 V. Consequently, the power source voltage enters the
linear region of the drive transistor, causing a display error.
The display device according to the present disclosure has a
configuration in consideration of the change in temperature in
order to solve the problem, and is capable of performing an
operation for compensating the change in temperature. The
following shall describe the operation of the display device
having the temperature sensor.

[0205] FIG. 14 is a flowchart indicating the operation of the
display device according to the variation 1 of the embodiment
1 of the present disclosure. The flowchart according to the
variation 1 of the embodiment 1 in FIG. 14 is different from
step S10 in FIG. 6 only in that steps S111 and S112 are added.
In the following description, the overlap with the step S10 in
FIG. 6 shall be omitted, and only the difference shall be
described.

[0206] First, the voltage drop amount calculating circuit
150 inputs the video signal updated for each frame or each
pixel row.

[0207] Next, the voltage drop amount calculating circuit
150 updates the matrix of the video signal being held (S110).
[0208] Next, the voltage drop amount calculating circuit
150 obtains the measured temperature data by the tempera-
ture sensor included in the display device 100 (step S111).
[0209] Next, the voltage drop amount calculating circuit
150 updates the video signal-pixel circuit conversion table
(conversion formula) according to the obtained measured
temperature data (step S112). More specifically, the voltage
drop amount calculating circuit 150 changes the conversion
table (or the conversion formula) into a conversion table (or a
conversion formula) in consideration with the mobility of the
drive transistor 125, the threshold voltage, and the resistance
of the organic EL element 121 at the measured temperature.
[0210] Next, the voltage drop amount calculating circuit
150 creates the pixel current matrix using the updated matrix
of the video signal and the conversion table or the conversion
formula for the pixel current (step S120).

[0211] With the operational flow described above, the dis-
play device according to the variation 1 of the embodiment 1
of the present disclosure allows setting a highly precise volt-
age margin unaffected by the change in temperature.

[0212] The display device according to the embodiment 1
according to the present disclosure performs creating the
video signal matrix, the pixel current matrix, voltage distri-
bution of'the power source wire network, and the voltage drop
amount matrix, setting the voltage margin, and regulating the
power source voltage in the variable-voltage source accord-
ing to the operational flowchart illustrated in FIGS. 6 and 7.
However, the operational flow from creating the pixel current
matrix to creating the voltage drop amount matrix may be
repeated for multiple times in order to increase the accuracy
of the voltage margin setting.

[0213] FIG.15is aflowchart indicating the operation of the
display device according to the variation 2 of the embodiment
1 of the present disclosure. The flowchart according to the
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variation 2 of the embodiment 1 in FIG. 15 differs from step
S10 in FIG. 6 in that step S160 is added and the operational
flow from creating the pixel current matrix to updating the
video signal matrix is repeated multiple times. In the follow-
ing description, the overlap with the flowchart in FIG. 6 is
omitted, and the description shall be made on the difference
only.

[0214] The operation performed in each step is identical to
the operation illustrated in FIG. 6. However, after the voltage
drop amount matrix is created in step S150, the video signal
matrix is updated from the voltage drop amount matrix using
the predetermined conversion formula (or the conversion
table) (step S160).

[0215] Subsequently, the updated video signal matrix is
returned to step S10, and the pixel current matrix is created
again using the updated video signal matrix.

[0216] There is a case in which a voltage drop amount
excessive to the actual pixel current flowing in the pixel is set
as the largest voltage drop amount calculated by converting
the input video signal into the pixel current. In response to this
problem, the video signal matrix may be converted and
updated by weighting the largest voltage drop amount that is
set before, and resetting the voltage drop amount by the
updated video signal matrix multiple times converge the volt-
age drop amount to be calculated to a constant value. This
operation increases the accuracy of the calculating of the
voltage drop amount. The following shall describe an
example of the operational flow.

[0217] First, it is assumed that level 255 is input as the
gradation level data of the predetermined pixel. Here, it is
assumed that the data voltage corresponding to level 255 is
calculated as 4.5 V by the conversion formula used in step
S110. Meanwhile, it is assumed that the largest voltage drop
amount is calculated as 4.1 V by the operational flow from
step S110 to step S150. In this case, in step S160, the prede-
termined conversion formula is defined as Data voltage after
conversion=data voltage-(largest voltage drop amountx0.1)
[0218] In this case, the data voltage after conversion is
calculated as 4.09V (=4.5V-4.1 Vx0.1). The gradation level
corresponding to the data voltage after conversion is level
214. Thus, the gradation level data in the predetermined pixel
in the video signal matrix is updated to level 214, and the
operation from step S120 to step S160 is performed again.
More highly accurate largest voltage drop amount can be
calculated by repeating the operation multiple times.

[0219] (Embodiment 2)

[0220] Inthe embodiment 1, a technique that allows setting
the power source voltage as small as possible so as to reduce
the power consumption by calculating the voltage drop
amount on the anode side or the cathode side according to the
video has been described. For example, in the case of an
organic EL display having 1920 pixels horizontally and 1080
pixels vertically, it is necessary to solve 1920x1080 first-
order simultaneous equations on the anode side or the cathode
side. For this reason, an extremely large calculating circuit is
necessary, and there is a problem of increased cost.

[0221] In the embodiment 2, in order to address this prob-
lem, a method for blocking the pixels so as to significantly
reduce the operation amount shall be described. More spe-
cifically, in the embodiment 2, the voltage drop amount cal-
culating circuit 150 which is the voltage estimating unit cal-
culates a distribution of the amount of voltage drop on the
anode side or the cathode side for each of first blocks, and
estimates, for each pixel, a distribution of amount of voltage
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drop generated on the anode side or the cathode side for each
pixel, based on the distribution of the amount of voltage drop
calculated for the first blocks, each of the first blocks includ-
ing M pixels obtained by dividing the number of pixels in a
row direction and a column direction to be equal, where M is
an integer equal to or greater than 2. More specifically, the
voltage estimating unit is further (i) calculates a distribution
of the amount of voltage drop on the anode side or on the
cathode side for each of second blocks including N pixels
obtained by dividing the number of pixels in the column
direction and the row direction to be equal, where N is an
integer equal to or greater than 2 and is different from M, and
(i1) estimates a distribution of amount of voltage drop on the
power line on the anode side and the cathode side, based on
the distribution of the amount of voltage drop calculated for
the first blocks and the distribution of the amount of voltage
drop calculated for the second blocks.

[0222] Note that, the configuration of the display device
according to the embodiment 2 is nearly identical to the
configuration of the display device 100 according to the
embodiment 1, and differs in the function of the voltage drop
amount calculating circuit 150 which is an example of the
voltage regulating unit.

[0223] FIG. 16 is a flowchart illustrating the operation of
the display device according to the embodiment 2. The opera-
tional flowchart (step S11) in FIG. 16 is replacing step S10 in
the operational flowchart in FIG. 6.

[0224] First, the voltage drop amount calculating circuit
150 updates the matrix of the video signal being held (step
S110).

[0225] Next, the voltage drop amount calculating circuit
150 creates the pixel current matrix from the video signal
using the conversion formula or the conversion table of the
pixel current of the video signal which is set in advance (step
S120).

[0226] Next, the voltage drop amount calculating circuit
150 obtains the horizontal resistance component Rchl and
the vertical resistance component Rcvl of the roughly
blocked second power source wire 113 from the memory 155
(step S141).

[0227] Next, the voltage drop amount calculating circuit
150 creates a rough resistance wire network by calculating a
block current for each roughly-blocked block (step S143).
Here, a model of the resistance line network when the blocks
are roughly blocked shall be described.

[0228] FIG. 17 is a diagram schematically illustrating a
model of the second power source wire 113 in the organic EL
display unit 110 having 1920 pixels horizontally and 1080
pixels vertically in which one block includes 120 pixels hori-
zontally and 120 pixels vertically.

[0229] Each block is connected to neighboring blocks
above, below, and laterally by the horizontal resistance com-
ponent Rchl and the vertical resistance component Revl, and
a peripheral part is connected to the cathode side electrode at
which the power source voltage is applied. In other words, it
is considered that one block (120x120 pixels) is provided at
an intersection of the horizontal resistance component Rchl
and the vertical resistance component Revl.

[0230] Here, the calculation order of the voltage distribu-
tion of second power source wire 113 when the blocks are
roughly blocked shall be described.

[0231] First, the voltage drop amount calculating circuit
150 calculates block current by calculating a sum of pixel
current for each block.
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[0232] Next, if the voltage drop amount in the second
power source wire 113 in a block coordinates (h, v) is vel (h,
v), and a block current is i1 (h, v), the following equation 2
with respect to the current in the block coordinates (h, v) is
derived.

Rehix{vel (h-1,v)-vel (h, v)}+Rehix{vel (h+1,
v)-vel (h, v)}

+Revix{vel (h, v-1)-vel (h, v) }+Revix{vel (h,
v+1)-vel (h, v)}

=it (h,v)

[0233] Note that h is an integer from 1 to 16, and v is an
integer from 1 to 9. Furthermore, vcl (0, v) and vel (17, v),
vcl (h, 0), vel (h, 10) are voltage drop amount in the wire
from the variable-voltage source 180 to the organic EL dis-
play unit 110, and can be approximated to 0 since the voltage
drop amount are sufficiently small. In addition, Rchl is the
horizontal resistance component (admittance) of the roughly
blocked second power source wire 113, and Rcvl is the
vertical resistance component (admittance) of the roughly
blocked second power source wire 113.

[0234] By deriving the equation 2 for each block, 16x9
first-order simultaneous equations for 16x9 unknown vari-
ables vcl (h, v) are obtained. By solving the first-order simul-
taneous equations, the voltage drop amounts vcl (h, v) of the
second power source wire 113 in each block when one block
is modeled by the 120 pixels horizontally and 120 pixels
vertically can be obtained. To put it differently, the voltage
distribution of the second power source wire 113 can be
calculated for each block roughly blocked (120 pixels hori-
zontally, 120 pixels vertically).

[0235] FIG. 18 is a chart illustrating a voltage drop amount
matrix for each block calculated when the blocks are roughly
divided. As illustrated in FIG. 18, the voltage drop amount is
calculated corresponding to the block row and the block
column. For example, the voltage drop amount on a block of
the central part of the organic EL display unit 110, that is, the
voltage drop amount on the cathode side at the block coordi-
nates (8, 5) is calculated as 9.0 V.

[0236] Furthermore, the largest value velmax in the screen
which is the largest voltage drop amount vel (h, v) in the
second power source wire 113 roughly blocked can be
obtained.

[0237] Inthesame manner as the calculation for the voltage
drop amount on the cathode side, the voltage drop amount val
(h, v) on the first power source wire 112 for each block when
modeling one block using 120 pixels horizontally and 120
pixels vertically can be obtained by obtaining and solving the
simultaneous equations with respect to the first power source
wire 112.

[0238] In addition, the voltage drop amount calculating
circuit 150 obtains the horizontal resistance component Rch2
and the vertical resistance component Rcv2 in the roughly
blocked second power source wire 113 from the memory 155
after step S120 (step S142).

[0239] Next, the voltage drop amount calculating circuit
150 calculates the block current for each finely-blocked
block, and creates a voltage distribution of a fine resistance
line network (step S144). Here, a resistance line network
model when the blocks are finely divided shall be described.
[0240] FIG. 19 is a diagram schematically illustrating the
model of the second power source wire 113 when one block

(Equation 2)
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is 60 pixels horizontally and 60 pixels vertically in the organic
EL display unit 110 having 1920 pixels horizontally and 1080
pixels vertically.
[0241] Each block is connected to neighboring blocks
above, below, and laterally by the horizontal resistance com-
ponent Rch2 and the vertical resistance component Rev2, and
a peripheral part is connected to the cathode of the variable-
voltage source 180. In other words, it is considered that one
block (60 pixelsx60 pixels) is provided at an intersection of
the horizontal resistance component Rch2 and the vertical
resistance component Rev2.
[0242] Here, the calculation order of the voltage distribu-
tion of second power source wire 113 when the blocks are
finely divided shall be described.
[0243] First, the voltage drop amount calculating circuit
150 calculates block current by calculating a sum of pixel
current for each block.
[0244] Next, if the amount of voltage drop in the second
power source wire 113 in block coordinates (h, v)is ve2 (h, v),
and a block current is i2 (h, v), the following equation 3 with
respect to the current in the block coordinates (h, v) is derived.

Rch2x{ve2 (h-1, v)-ve2 (h, v)}+Rch2x{vec2 (h+1,

v)-ve2 (h, v)}

+Rev2x{ve2 (h, v—1)-ve2 (h, v)}+Rev2x{ve2 (h,
v+1)-ve2 (b, v)}

=i2 (h, v)

[0245] Note that h is an integer from 1 to 32, and v is an
integer from 1 to 18. Furthermore, vc2 (0, v) and vc2 (33, v),
ve2 (h, 0), ve2 (h, 19) are the amount of voltage drop in the
wire from the variable-voltage source 180 to the organic EL
display unit 110, and can be approximated to 0 since the
voltage drop amount is sufficiently small. In addition, Rch2 is
the horizontal resistance component (admittance) of the
roughly blocked second power source wire 113, and Rev2 is
the vertical resistance component (admittance) of the roughly
blocked second power source wire 113.

[0246] By deriving the equation 3 for each block, 32x18
first order simultaneous equations for 32x18 unknown vari-
ables vc2 (h, v) are obtained. By solving the first-order simul-
taneous equations, the voltage drop amounts ve2 (h, v) of the
second power source wire 113 in each block can be obtained
when one block is modeled by the 60 pixels horizontally and
60 pixels vertically. To put it differently, the voltage distribu-
tion of the second power source wire 113 can be calculated for
each finely blocked block (60 pixels horizontally, 60 pixels
vertically).

[0247] FIG. 20 is a chart illustrating the voltage drop
amount matrix for each block when the blocks are finely
divided. As illustrated in FIG. 20, the amount of voltage drop
is calculated corresponding to the block row and the block
column. For example, the voltage drop amount on a block of
the central part of the organic EL display unit 110, that is, the
voltage drop amount on the cathode side at the block coordi-
nates (16, 9) is calculated as 8.5 V.

[0248] Furthermore, the largest value ve2max of the volt-
age drop in the screen which is the largest voltage drop
amount ve2 (h, v) in the second power source wire 113 finely
blocked can be obtained.

[0249] Inthe same manner as the calculation for the voltage
drop amount on the cathode side, the voltage drop amount vat
(h, v) on the first power source wire 112 for each block can be
obtained when modeling one block using 60 pixels horizon-

(Equation 3)
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tally and 60 pixels vertically by obtaining and solving the
simultaneous equations with respect to the first power source
wire 112.
[0250] The voltage drop amount calculating circuit 150
then calculates the drop amount of the voltage of the second
power source wire 113 from the amount of voltage drop vcl
(h, v) calculated in step S143 and the amount of voltage drop
ve2 (h, v) calculated in step S145 for each pixel 111. More
specifically, the voltage drop amount matrix in the second
power source wire 113 is created by extrapolation, using the
amount of voltage drop vel (h, v) when the blocks are roughly
divided, and the amount of voltage drop vc2 (h, v) when the
blocks are finely divided (step S151).
[0251] The calculation order of the voltage drop amount for
each pixel 111 by extrapolation shall be described.
[0252] Although the largest value of the voltage drops
vcelmax and ve2max from the calculation result when the
blocks are divided in two different sizes as described above
can be obtained, there will be errors with respect to the actual
largest voltage drop value due to blocking. In other words, the
largest voltage drop value vclmax of the roughly blocked
second power source wire 113 and the largest value vc2max
of the finely blocked second power source wire 113 have
errors with respect to the largest voltage drop value of the
voltage drop in the second power source wire 113 for each
pixel 111.
[0253] FIG.21is a graph indicating a relationship between
the number of horizontal and vertical pixels when blocking,
and a largest value of voltage drop calculated by the blocked
model, with respect to a video signal.
[0254] In FIG. 21, the error with respect to the amount of
voltage drop calculated for block size 1 (one pixel 111 is
included in one block) which is the amount of voltage drop
calculated by a larger block size is larger, the larger the block
size used for the modeling in order to calculate the amount of
voltage drop.
[0255] Furthermore, since the relationship between the
block size and the error is approximately proportional, it is
possible to calculate the extrapolation voltage drop amount
with a significantly small error with respect to the voltage
drop amount for the block size 1 (one pixel 111 is included in
one block) by extrapolating the voltage drop amount calcu-
lated by two different block models.
[0256] Accordingly, the extrapolation voltage drop amount
vemax for the block size of 1x1 pixel can be calculated by the
following equation 4, using the largest value vclmax of the
largest voltage drop obtained by a model using a block size of
120x120 pixels, and the largest value vc2max of the largest
voltage drop obtained by a model using a block size of 60x60
pixels.
Vemax=ve2max—(velmax—ve2max)x (60-1)/(120-

60) (Equation 4)
[0257] In other words, in the embodiment 2, the voltage
drop amount calculating circuit 150 calculates the distribu-
tion of the voltage drop amount in the second power source
wire 113 for each block roughly blocked including the pixels
111 0f 120x120 pixels obtained by equally dividing the pixels
111 in the row direction and the column direction, and calcu-
lates the voltage drop amount distribution for the second
power source wire 113 for a block finely blocked by the pixels
111 of 60x60 pixels obtained by equally dividing the pixels
111 in the row direction and the column direction, and esti-
mates the voltage drop amount distribution in the second
power source wire 113 for each pixel 111 based on the dis-
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tribution of the voltage drop amount calculated for each block
roughly blocked and the distribution of the voltage drop dis-
tribution for each block finely blocked.

[0258] In the same manner, for the first power source wire
112, the voltage drop amount calculating circuit 150 calcu-
lates the amount of voltage drop of the first power source wire
112 for each pixel 111 from the voltage drop amount val (h,
v) in the first power source wire 112 calculated using a resis-
tance line network model roughly blocked and the voltage
drop amount va2 (h, v) in the first power source wire 112
calculated by using a finely blocked resistance line network
model. More specifically, it is possible to calculate the
amount of drop of the voltage in the first power source wire
112 for each pixel 111 by extrapolation using the voltage drop
amount val (h, v) when the blocks are roughly divided and the
voltage drop amount va2 (h, v) when the blocks are finely
divided.

[0259] As described above, in the method using blocking,
16x9 first-order simultaneous equations and 32x18 first-or-
der simultaneous equations are calculated once, instead of
calculating 1920x1080 first-order simultaneous equations
once.

[0260] Note that, when the Gauss-Jordan elimination is
used as a solution to the first-order simultaneous equations,
the operation amount increases in proportion to the square of
the dimension. Accordingly, the operation amount can be
reduced to %12 million by the blocking according to the
embodiment 2.

[0261] According to the embodiment 2, calculating the
amount of voltage drop by blocking the blocks into two
different sizes by the organic EL display unit 110 allows
significantly reducing the operation amount, providing a dis-
play device with low-power consumption driving using a
relatively low-cost voltage drop amount calculating circuit.
[0262] As described above, in comparison with the display
device 100 according to the embodiment 1, the display device
100 according to the embodiment 2 calculates the voltage
drop amount distribution of the second power source wire 113
for each block including 120x120 pixels 111 obtained by
equally dividing the number of pixels 111 in the row direction
and the column direction. In addition, the voltage drop
amount calculating circuit 150 calculates the distribution of
the voltage drop amount in the second power source wire 113
for each block including 60x60 pixels finely blocked by
equally dividing the number of pixels 111 in the row direction
and the column direction.

[0263] With this, the distribution of the voltage drop
amount in the second power source wire 113 is estimated for
each pixel 111 using the distribution of the amount of voltage
drop calculated for each roughly divided block and the dis-
tribution of the voltage drop amount calculated for each finely
divided block.

[0264] With this, the display device according to the
embodiment 2 can significantly reduce the operation amount.
Thus, it is possible to design space-saving operation circuit,
reducing the manufacturing cost.

[0265] Note that, the process of calculating the voltage
distribution in the roughly blocked second power source wire
113 is an example of the first calculating, and the process of
calculating the voltage distribution in the finely blocked sec-
ond power source wire 113 is an example of the second
calculating. The process of calculating the voltage drop
amount of the second power source wire 113 for each pixel
111 is an example of sub estimating.
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[0266] (Embodiment 3)

[0267] Inthe embodiment 3, a display device that monitors
the anode-side potentials of plural pixels to thereby regulate,
to a predetermined potential difference, the potential differ-
ence between an anode-side potential specified from among
the monitored anode-side potentials and the estimated cath-
ode-side potentials of the pixels.

[0268] Hereinafter, the embodiment 3 of the present disclo-
sure shall be specifically described with reference to the
Drawings.

[0269] FIG. 22 is a block diagram showing an outline con-
figuration of a display device according to the embodiment 3
of the present disclosure.

[0270] A display device 300A shown in the figure includes
an organic EL display unit 310, a data line driving circuit 120,
a write scan driving circuit 130, a control circuit 140, a volt-
age drop amount calculating circuit 150, a memory 155, a
signal processing circuit 160, a potential difference detecting
circuit 170, a variable-voltage source 180, monitor wires 391
to 395, and a potential comparison circuit 370A.

[0271] The display device 300A according to the embodi-
ment 3 is different from the display device 100 according to
the embodiment 1 in that monitor wires for detecting the
anode-side potential of the pixels and a potential comparison
circuit 370A are included. The horizontal resistance compo-
nent Rch and the vertical resistance component Rev of the
second power source wire 113 and the configuration and the
operation for estimating the voltage drop amount distribution
on the cathode side from the video signal is identical to the
display device 100 according to the embodiment 1. The
description for the components identical to those in the
embodiment 1 is omitted, and only the difference shall be
described.

[0272] The organic EL display unit 310 is nearly identical
to the organic EL display unit 110, but is different from the
organic EL display unit 110 in that the monitor wires 391 to
395 are provided for measuring the anode-side potentials at
the detecting points M1 to M5.

[0273] The optimal positions for the monitor pixels 111M1
to 111M5 are determined according to the wiring method for
the second power source wire 113 and the values of the
horizontal resistance components Rch and Rev in the second
power source wire 113.

[0274] Each ofthe 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.

[0275] The potential comparison circuit 370A measures,
via each of the monitor wires 391 to 395, the potential of the
corresponding detecting point. Stated differently, the poten-
tial comparison circuit 370 measures the anode-side potential
applied to the monitor pixels 111M1 to 111MS5. In addition,
the potential comparison circuit 370A selects the lowest
potential among the measured anode-side potentials at the
detecting points M1 to M5, and outputs the selected potential
to the potential difference detecting circuit 170. Note that,
when cathode-side potentials are measured, the potential
comparison circuit 370A selects the highest one of such
potentials, and outputs the selected potential to the potential
difference detecting circuit 170.

[0276] The potential difference detecting circuit 170,
which is the voltage detecting unit according to the present
disclosure in this embodiment, receives, from the potential
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comparison circuit 370A, the lowest potential from among
the measured anode-side potentials at the detecting points M1
to M5. The potential difference detecting circuit 170 mea-
sures the output voltage from the variable-voltage source 180,
and measures the potential difference AV between the output
voltage and the smallest potential amount in the anode-side
potentials. Subsequently, the potential difference detecting
circuit 170 outputs the measured potential difference AV to
the signal processing circuit 160. Accordingly, the potential
difference AV represents the voltage drop amount on the
anode side.

[0277] With this, compared to the display device 100
according to the embodiment 1 in which the monitor pixel is
limited to one pixel, it is possible to detect the amount of
voltage drop at the anode from multiple monitor pixels. Thus,
it is possible to regulate the output voltage Vout from the
variable-voltage source 180 with higher accuracy. Therefore,
power consumption can be effectively reduced even when the
size of the organic EL display unit is increased.

[0278] Note that, in the display device 300A according to
the embodiment 3, the variable-voltage source 180 is the
power source supply unit according to the present disclosure,
the organic EL display unit 310 is the display unit according
to the present disclosure, part of the potential comparison
circuit 370A is the voltage detecting unit according to the
present disclosure, and the rest of the potential comparison
circuit 370A, the potential difference detecting circuit 170
and the signal processing circuit 160 are the voltage regulat-
ing unit according to the present disclosure.

[0279] Note that, five detecting points are illustrated as the
anode-side potential measuring points. However, the detect-
ing points may have to be more than one, and the optimal
positions and the number of the detecting points may be
determined according to the wiring method of the power
source wire and the values of the wire resistance.

[0280] In addition, the display device 300A according to
the embodiment 3, the potential comparison circuit 370A
selects the smallest potential of the anode-side potentials
measured at the detecting points M1 to M5, and outputs the
selected potential to the potential difference detecting circuit
170. However, it is not limited to this example. For example,
the smallest potential difference between the potentials of the
anode side of the detecting points M1 to M5, and the cathode-
side potentials in the monitor pixels 111M1 to 111MS5 in the
voltage drop amount distribution of the cathode-side poten-
tials estimated by the voltage drop amount calculating circuit
150 may be selected, and the voltage margin may be calcu-
lated based on the selected potential difference.

[0281] In addition, the display device 300A according to
the embodiment 3 includes a potential comparison circuit
370A and the potential difference detecting circuit 170. How-
ever, these circuits do not have to be provided separately.
[0282] FIG. 23 is a block diagram showing an outline con-
figuration of a display device according to the variation of the
embodiment 3 of the present disclosure. The display device
300B in FIG. 23 includes a potential comparison circuit 370B
for comparing the output voltage Vout of the variable-voltage
source 180 and the potentials at the detecting points M1 to
MS, instead of the potential comparison circuit 370A and the
potential difference detecting circuit 170. The display device
300B including this configuration is within the scope of the
present disclosure, and the display device 300B achieves
effects equivalent to the effects achieved by the embodiment
3.
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[0283] As described above, the display devices 300A and
300B according to the embodiment 3 enables supplying the
output voltage Vout which does not cause reduction in lumi-
nance in any of the monitor pixels 111M1 to 111MS5 to the
organic EL display unit 310. In other words, by setting the
output voltage Vout to a more appropriate value, power con-
sumption is further reduced and the decrease in luminance of
the pixel 111 is suppressed. The following description shall
describe this effect with reference to FIGS. 24A to 24B.
[0284] FIG. 24A is a diagram schematically illustrating an
example of the image displayed on the organic EL display
unit 310. FIG. 24B 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. 24A is displayed. FIG.
25A is adiagram schematically illustrating an example of the
image displayed on the organic EL display unit 310. FIG. 25B
is a graph illustrating the voltage drop amount in the first
power source wire 112 along the line x-x' when the image
illustrated in FIG. 25A is displayed.

[0285] Asillustrated in FIG. 24A, whenall of the pixels 111
emit light in the same luminance, the amount of voltage drop
in the first power source wire 112 is as illustrated in FIG. 24B.
[0286] Accordingly, checking the potential at the detecting
point M1 at the center of the screen indicates the worst case of
the voltage drop. Accordingly, by adding the voltage margin
Vdrop corresponding to the voltage drop amount AV to
VTFT+VEL causes all of the pixels 111 in the organic EL
display unit 310 to emit light with precise luminance.
[0287] Incontrast, as illustrated in FIG. 25A, 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.
25B.

[0288] Accordingly, when measuring the anode-side
potential only at the detecting point M1 at the center of the
screen, it is necessary to set the voltage calculated by adding
an offset potential to the detected potential as the voltage
margin on the anode side. 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, producing lumi-
nescence at a precise luminance means that the driving tran-
sistor 125 of the pixel 111 is operating in the saturation
region.

[0289] However, in this case, 1.3 V is always necessary as
the voltage margin on the anode side, 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+41.3=1.4 V 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.

[0290] 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. 25A, not just the detecting point
M1 at the center of the screen increases the accuracy of
detecting the voltage drop amount on the anode side. There-
fore, it is possible to reduce the additional offset amount and
increase the power consumption reducing effect.
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[0291] For example, in FIGS. 25A and 25B, when the
potential at the detecting points M2 to M5 is 1.3V, setting the
voltage with an offset 0f 0.2 V added as the voltage margin on
the anode side causes all of the pixels 111 to emit light with a
precise luminance.

[0292] In this case, even if the image causes the actual
amount of voltage drop on the anode side is 0.1 V, the value set
as the voltage margin on the anode side is 0.1+0.2=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.

[0293] As described above, compared to the display device
100, the display devices 300A and 300B have more detecting
points, allowing regulating the output voltage Vout according
to the largest value of the amount of voltage drop. Therefore,
power consumption can be effectively reduced even when the
size of the organic EL display unit 310 is increased.

[0294] Although only some exemplary embodiments of the
present disclosure have been described in detail above, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the embodiments 1 to 3 without materi-
ally departing from the novel teachings and advantages of the
present disclosure. Accordingly, all such modifications and
devices incorporating the display device according to the
present disclosure are intended to be included within the
scope of the present disclosure.

[0295] 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.

[0296] FIG. 26 is 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. Note 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.
[0297] 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 unit
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. 27 is a diagram
schematically illustrates an image with line defects.

[0298] 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.

[0299] Although the description has been made that the
signal processing circuit includes a required voltage conver-
sion table indicating required voltage of VIFT+VEL corre-
sponding to the gradation level of each color, a current-volt-
age characteristic of the drive transistor 125 and current-
voltage characteristic of the organic EL element 121 are
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included, and VIFT+VEL may be determined using two
current-voltage characteristics.

[0300] FIG. 28 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.

[0301] 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 character-
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.

[0302] 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 operate 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
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 (VTFT) of the driving transistor be low.

[0303] Therefore, in FIG. 28, 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 characteristics of
the organic EL element on the line indicating the boundary
between the linear region and the saturation region of the
driving transistor.

[0304] As described above, the required voltage VIFT+
VEL corresponding to the gradations for each color may be
calculated using the graph shown in FIG. 28.

[0305] With this, power consumption can be further
reduced.
[0306] Furthermore, in the embodiment 1, the signal pro-

cessing circuit 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.
[0307] 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.

[0308] Alternatively, the signal processing circuit may
measure the potential differences outputted from the potential
difference detecting circuit and the potential comparison cir-
cuit over plural frames, average the measured potential dif-
ferences which are measured amounts of voltage drop on the
anode side, and regulate the variable-voltage source in accor-
dance with the average potential difference and the voltage
drop (increase) amount on the cathode side estimated by the
voltage drop amount calculating circuit. More specifically, in
the flowchartillustrated in FIG. 6, after detecting the potential
at the detecting point in the flowchart illustrated in FIG. 6
(step S20) for multiple frames, and in determining the voltage
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margin (step S430), the potential differences for multiple
frames detected by the detecting process of the potential
differences (step S20) are averaged, and the voltage margin
may be determined corresponding to the averaged potential
difference.

[0309] Furthermore, the signal processing circuit may
determine the first reference voltage Vrefl considering an
aging deterioration margin for the organic EL, element 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.

[0310] Note that, in the embodiments 1 to 3, an example in
which the potential on the anode side is measured and
detected by the monitor pixel, and the potential on the cathode
side is estimated by the voltage distribution of the power
source wire network. However, the potential on the anode
side may be calculated based on the estimation of the voltage
drop amount distribution by the voltage drop amount calcu-
lating circuit, and the potential on the cathode side may be
measured and detected by the monitor pixel.

[0311] 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.

[0312] Furthermore, although the switch transistor 124 and
the driving transistor 125 are TFTs, they may be other field-
effect transistors.

[0313] Furthermore, the processing units included in the
display devices according to the embodiments 1 to 3
described earlier are typically implemented as an L.SI which
is an integrated circuit. Note that part of the processing units
included in the display devices 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. Furthermore, a Field Pro-
grammable Gate Array (FPGA) which allows programming
after LS manufacturing or a reconfigurable processor which
allows reconfiguration of the connections and settings of
circuit cells inside the LSI may be used.

[0314] 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 according to the embodiments 1 to 3 of
the present disclosure may be implemented by having a pro-
cessor such as a CPU executing a program. Furthermore, the
present disclosure may also be implemented as a display
device driving method including the characteristic steps
implemented through the respective processing units
included in the display devices.

[0315] Furthermore, although the foregoing descriptions
exemplify the case where the display devices are active
matrix-type organic EL display devices according to the
embodiments 1 to 3, the present disclosure may be applied to
organic EL display devices other than the active matrix-type,
and may be applied to a display device other than an organic
EL display device using a current-driven light-emitting ele-
ment, such as a liquid crystal display device.

[0316] Furthermore, for example, the display device

according to the present disclosure is built into a thin, flat TV
shown in FIG. 29. A thin, flat-screen TV capable of high-
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accuracy image display reflecting a video signal is imple-
mented by having the display device according to the present
disclosure built into the TV.

Industrial Applicability

[0317] The present disclosure is particularly useful for an
active-matrix organic EL flat panel display.

1. A display device comprising:

a power supply unit configured to supply an output poten-
tial on a high-potential side and an output potential on a
low-potential side;

a display unit including: a plurality of pixels arranged in a
matrix; a power line on the high-potential side and a
power line on the low-potential side that are connected
to each of the pixels, and configured to receive power
supply from the power supply unit;

a voltage detecting unit configured to detect a potential on
one of the high-potential side and the low-potential side
among potentials applied to at least one of the pixels in
the display unit;

avoltage estimating unit configured to calculate an amount
of voltage drop generated in the power line on the other
ofthe high-potential side and the low-potential side from
video data which is data indicating luminance of each of
the pixels and to estimate a potential at, at least one point
of the power line; and

a voltage regulating unit configured to regulate at least an
output potential on one of the high-potential side and the
low-potential side to be supplied from the power supply
unit such that a potential difference between the poten-
tial on one of the high-potential side and the low-poten-
tial side detected by the voltage detecting unit and the
potential at the at least one point of the power line
estimated by the voltage estimating unit reaches a pre-
determined potential difference.

2. The display device according to claim 1,

wherein the voltage estimating unit is configured to calcu-
late a distribution of the amount of voltage drop for each
of first blocks, and to estimate, for each pixel, an amount
of voltage drop generated on the power line on the other
of the high-potential side and the low-potential side for
each pixel, based on the distribution of the amount of
voltage drop calculated for the first blocks, each of the
first blocks including M pixels obtained by dividing the
number of pixels in a row direction and a column direc-
tion to be equal, where M is an integer equal to or greater
than 2.

3. The display device according to claim 2,

wherein the voltage estimating unit is further configured (i)
to calculate a distribution of the amount of voltage drop
for each of second blocks including N pixels obtained by
dividing the number of pixels in the column direction
and the row direction to be equal, where N is an integer
equal to or greater than 2 and is different from M, and (ii)
to estimate an amount of voltage drop on the power line
on the other of the high-potential side and the low-
potential side, based on the distribution of the amount of
voltage drop calculated for the first blocks and the dis-
tribution of the amount of voltage drop calculated for the
second blocks.
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4. The display device according to claim 1,

wherein the voltage regulating unit regulates at least an
output potential on the high-potential side and the low-
potential side to be supplied from the power supply unit,
using a largest value in the distribution of the amount of
voltage drop estimated.

5. The display device according to claim 1,

wherein the voltage detecting unit is configured to detect
potentials of the plurality of pixels in the display unit.

6. The display device according to claim 5,

wherein the voltage regulating unit is configured to selecta
smallest potential of potentials on the high-potential side
detected by the voltage detecting unit or a largest poten-
tial of potentials on the low-potential side detected by
the voltage detecting unit, and to regulate the power
supply unit based on the selected potential.

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

prising:

a high-potential side detecting line having one end con-
nected to the pixel at which the potential on the high-
potential side is detected and the other end connected to
the voltage regulating unit, and for transmitting the
potential on the high-potential side; or

a low-potential side detecting line having one end con-
nected to the pixel at which the potential on the low-
potential side is detected and the other end connected to
the voltage regulating unit, and for transmitting the
potential on the low-potential side.

8. 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
electrode and the drain electrode of the driving ele-
ment, one of (i) the other of the source electrode and
the drain electrode and (ii) the second electrode is
connected to one of the power lines on the high-
potential side and the low-potential side, and the other
of the source electrode and the drain electrode and the
other of the second electrode are connected to the
other of the power lines on the high-potential side and
the low-potential side.

9. The display device according to claim 8,

wherein the second electrode configures a part of a com-
mon electrode provided in common with the pixels, and

the common electrode is electrically connected to the
power supply unit such that the potential is applied from
a periphery of the common electrode.

10. The display device according to claim 9,

wherein the second electrode is formed of a transparent
conductive material made of metal oxide.

11. The display device according to claim 8,

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