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(7) ABSTRACT

A display device includes: a display unit which includes a
plurality of pixels each including an organic EL element;
and a control unit which adjust a value of a luminance signal
to be supplied to a target pixel to be corrected, such that an
actual luminance of the target pixel is equal to a reference
luminance, the reference luminance being an actual lumi-
nance of a reference pixel obtained when the luminance
signal to be supplied to the target pixel is supplied to the
reference pixel. The reference pixel has predetermined
attenuation characteristics for light emission amount.
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FIG. 1A
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FIG. 2
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FIG. 3
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DISPLAY DEVICE AND METHOD FOR
DRIVING DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a display device,
and particularly to a display device including organic elec-
troluminescent (EL) elements and a method for driving the
display device.

BACKGROUND ART

[0002] An organic electroluminescent (hereinafter,
referred to as “organic EL”) display including organic EL
elements is known as an image display device including
current-driven light emitting elements. The organic EL
display has advantages in good viewing angle characteristics
and low power consumption.

[0003] An organic EL display generally includes: pixels
arranged in a matrix; and scanning lines and data lines
connected to the pixels. Each pixel includes, for example, an
organic EL element, a drive transistor for driving the organic
EL element, and a selection transistor for switching between
selection and non-selection of the pixel. For example, in an
active matrix organic EL display, the selection transistors of
the pixels are provided at the respective intersections of the
scanning lines and the data lines. Each selection transistor is
connected to a storage capacitor element (a capacitor) and
the gate of the drive transistor.

CITATION LIST

Patent Literature

[0004] [PTL 1] Japanese Unexamined Patent Application
Publication No. 2006-195310

SUMMARY OF INVENTION

Technical Problem

[0005] However, it is known that the organic EL element
deteriorates over time due to a current which flows through
the organic EL element when an image is displayed. A
deteriorated organic EL element provides an actual lumi-
nance less than that provided before the deterioration, in
response to the same amount of current supplied.

[0006] The deterioration amount of an organic EL element
varies according to the cumulative amount of current. When
an image is to be displayed on an organic EL display, a
luminance signal (luminance data) obtained from an image
signal varies over time, and differs for each organic EL
element. This results in variations in deterioration amount
among the organic EL elements included in one organic EL
display. Moreover, the variations in deterioration amount of
the organic EL elements may deteriorate the image quality.
[0007] In view of the above, the present invention pro-
vides a display device with a simpler configuration capable
of reducing deterioration of the image quality resulting from
deterioration of light emitting elements, and a method for
driving the display device.

Solution to Problem

[0008] A display device according to one aspect of the
present invention is includes: a display unit which includes
a plurality of pixels each including a light emitting element;
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and a control unit which adjusts a value of a luminance
signal to be supplied to a target pixel to be corrected, such
that an actual luminance of the target pixel is equal to a
reference luminance, the reference luminance being an
actual luminance of a reference pixel obtained when the
luminance signal to be supplied to the target pixel is supplied
to the reference pixel, the reference pixel having a prede-
termined attenuation characteristic for light emission
amount.

Advantageous Effects of Invention

[0009] A display device and a method for driving the
display device according to one aspect of the present inven-
tion each are capable of reducing deterioration of the image
quality resulting from deterioration of light emitting ele-
ments.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1A is an external view of an organic EL
display.
[0011] FIG. 18B is a block diagram illustrating an

example of a configuration of an organic EL display accord-
ing to an embodiment.

[0012] FIG. 2is a block diagram illustrating an example of
a configuration of a control unit according to an embodi-
ment.

[0013] FIG. 3 illustrates an example of attenuation char-
acteristics for light emission amount, minimum deterioration
characteristics, and maximum deterioration characteristics
according to an embodiment.

[0014] FIG. 4 is a graph showing the deterioration char-
acteristics before and after correction and the amount of
current, with respect to a first pixel having first deterioration
characteristics in which the deterioration amount is less than
the atteruation characteristics for light emission amount.

[0015] FIG. 5 is a graph showing the deterioration char-
acteristics before and after correction and the amount of
current with respect to a second pixel having second dete-
rioration characteristics in which the deterioration amount is
greater than the attenuation characteristics for light emission
amount.

DESCRIPTION OF EMBODIMENT

[0016] (Details of Problems)

[0017] As described above, the actual luminance of an
organic EL element decreases over time, that is deteriorates
over time. The deterioration amount here refers to, for
example, an integral value. Specifically, the deterioration
amount is obtained, for example, from accumulation of
multiplication values (hereinafter, referred to as load) for all
frames displayed so far. The multiplication values each are
obtained by multiplying the light emission period by the
current value. In other words, since the deterioration amount
of an organic EL element varies according to the load as well
as the amount of current, the deterioration amount can be
determined by calculating the load from the history of the
image signals. The amount of current is obtained from the
luminance signal (luminance data) of an image signal.

[0018] The deterioration amount is represented by, for
example, the rate of the actual luminance at the time of
calculation of the deterioration amount relative to the initial
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actual luminance before the deterioration. In deriving the
deterioration amount, the amount of current is used as one
of the parameters.

[0019] It can be generally said that a pixel with a larger
amount of current has larger load, leading to a larger
deterioration amount. Examples of a pixel with a larger
amount of current include a pixel positioned in a region
where an image with large luminance data is displayed over
a long period of time (hereinafter, appropriately referred to
as “high luminance region”), such as a region where a logo
of a broadcast program is displayed or a region where time
is displayed. The deterioration amount of a pixel positioned
in the high luminance region is larger than a pixel positioned
in the surrounding region where an image with relatively
small luminance data is displayed (hereinafter, appropriately
referred to as “low luminance region”) (burn-in phenom-
enon).

[0020] In other words, generally, the luminance data to be
supplied to each of the pixels included in one organic EL
display is not uniform. This varies the deterioration amount
of the pixels according to the luminance data of an image
signal. As described above, in the case where the same
luminance data is supplied to pixels and if the variations in
deterioration amount are present, the actual luminance of the
pixels varies according to the deterioration amount. As a
result, the image quality is reduced.

[0021] In view of the above, for example, a technique has
been disclosed which adjusts the luminance data to be
supplied to the organic EL elements so as to approximately
equalize the deterioration amount (for example, see Patent
Literature 1).

[0022] However, in order to approximately equalize the
deterioration levels of all the pixels, for example, it is
necessary 1o reduce the amount of current flowing through
a pixel with a high level of deterioration by reducing the
value of the luminance data for a predetermined period so as
to slow the progress of deterioration.

[0023] In this case, for example, the value of the lumi-
nance data is reduced in the high luminance region for a
predetermined period, and thus, the actual luminance is
reduced. By doing so, the actual luminance of the high
luminance region is reduced and the actual luminance of the
surrounding low luminance region is maintained. This may
give a user a feeling of dissonance. In other words, the
difference among the actual luminance levels in the image
that is actually displayed on the organic EL display becomes
smaller than the difference among the luminance levels in
the image signal included in the broadcast wave (the differ-
ence among luminance data). This may reduce the image
quality.

[0024] In view of the above, the following embodiment
provides, for example, a method for, while avoiding exces-
sive reduction in life of the display, maintaining a luminance
difference relationship in luminance data of a video signal
and in the actual luminance (equalizing the actual luminance
difference and the luminance data difference), and improv-
ing the burn-in phenomenon.

[0025] In order to solve the above problems, a display
device according to one aspect of the present invention
includes: a display unit which includes a plurality of pixels
each including a light emitting element; and a control unit
which adjusts a value of a luminance signal to be supplied
to a target pixel to be corrected, such that an actual lumi-
nance of the target pixel is equal to a reference luminance,
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the reference luminance being an actual luminance of a
reference pixel obtained when the luminance signal to be
supplied to the target pixel is supplied to the reference pixel,
the reference pixel having a predetermined attenuation char-
acteristic for light emission amount.

[0026] The display device having such a configuration
performs control so as to equalize the attenuation charac-
teristics for light emission amount generated overt time
among the pixels rather than equalizing the deterioration
amount among the pixels. In other words, in the display
device having the above configuration, the value of the
luminance signal to be supplied to a target pixel to be
corrected is adjusted such that the actual luminance of the
target pixel is equal to the actual luminance of a reference
pixel having predetermined attenuation characteristics for
light emission amount. Accordingly, it is possible to main-
tain the luminance difference between the high luminance
region and the low luminance region of an image signal.
Since the display device having the above configuration is
capable of maintaining an intended luminance difference in
an image signal, reduction in image quality can be more
effectively prevented.

[0027] The reference pixel may be a virtual pixel and need
not be actually formed within the display device.

[0028] The actual luminance refers to the amount of light
emission generated when a pixel actually emits light.
[0029] For example, it may be that the predetermined
attenuation characteristic for light emission amount is
defined by an attenuation amount of the actual luminance of
the reference pixel relative to elapsed time, the predeter-
mined attenuation characteristic for light emission amount is
set such that the attenuation amount is (i) greater than a
minimum deterioration characteristic in which the attenua-
tion amount relative to elapsed time is minimum, and (ii)
less than a maximum deterioration characteristic in which
the attenuation amount relative to elapsed time is maximum,
and the minimum deterioration characteristic and the maxi-
mum deterioration characteristic are statistically estimated.
[0030] The minimum deterioration characteristics and the
maximum deterioration characteristics refer to the physical
deterioration characteristics obtained statistically. The mini-
mum deterioration characteristics and the maximum dete-
rioration characteristics may be represented by given units
such as the rate of the current actual luminance relative to
the initial actual luminance, or the (level of) difference
between the initial actual luminance and the current actual
luminance.

[0031] If the attenuation characteristics for light emission
amount are set to minimum deterioration characteristics, a
large amount of current constantly flows through a light
emitting element. Accordingly, the progress of actual dete-
rioration of the pixel is accelerated, leading to a shorter
product life.

[0032] On the other hand, if the attenuation characteristics
for light emission amount are set to maximum deterioration
characteristics, the progress of the actual deterioration of the
pixel can be slowed. However, this increases the attenuation
amount of the actual luminance generated over time.
[0033] In view of the above, in the display device having
the above configuration, the attenuation characteristics for
light emission amount are set to be greater than the mini-
mum deterioration characteristics, and to be less than the
maximum deterioration characteristics. Accordingly, the
progress of the physical deterioration of pixel P can be
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slowed compared to the case where the attenuation charac-
teristics for light emission amount are set to the minimum
deterioration characteristics. Additionally, the attenuation
amount of the actual luminance generated over time can be
reduced compared to the case where the attenuation char-
acteristics for light emission amount are set to the maximum
deterioration characteristics.

[0034] For example, it may be that the predetermined
attenuation characteristic for light emission amount is pre-
designed according to a specification of the display device.
[0035] According to the display device having the above
configuration, the attenuation characteristics for light emis-
sion amount can be designed according to the specification
of the display device. Hence, it is possible to control the
attenuation amount of the actual luminance of the display
device.

[0036] For example, it may be that, in the adjustment of
the value of the luminance signal, the control unit is con-
figured to: reduce the value of the luminance signal for a first
pixel having a first deterioration characteristic in which an
attenuation amount relative to elapsed time is less than the
predetermined attenuation characteristic for light emission
amount; and increase the value of the luminance signal for
a second display signal having a second deterioration char-
acteristic in which an attenuation amount relative to elapsed
time is greater than the predetermined attenuation charac-
teristic for light emission amount.

[0037] According to the display device having the above
configuration, the value of the luminance signal for a first
pixel having first deterioration characteristics with a small
attenuation amount is reduced, and the value of the lumi-
nance signal for a first pixel having first deterioration
characteristics with a large attenuation amount is increased.
Accordingly, it is possible to obtain two advantageous
effects: slowing the progress of deterioration of pixels and
reducing an increase in attenuation amount of the actual
luminance.

[0038] For example, it may be that the light emitting
element is an organic electroluminescent element.

[0039] Variations in deterioration of the pixels in an
organic EL display are greater than those in a liquid crystal
display or the like. Hence, application of the display device
having the above configuration allows the image quality to
be improved or to be appropriately maintained.

[0040] Moreover, the method for driving the display
device according to one aspect of the present invention is a
method for driving a display device which includes a display
unit which includes a plurality of pixels each including a
light emitting element. The method includes: adjusting a
value of a luminance signal to be supplied to a target pixel
to be corrected, such that an actual luminance of the target
pixel is equal to a reference luminance, the reference lumi-
nance being an actual luminance of a reference pixel
obtained when the luminance signal to be supplied to the
target pixel is supplied to the reference pixel, the reference
pixel having a predetermined attenuation characteristic for
light emission amount.

[0041] In the method for driving the display device having
the above configuration, the value of the luminance signal to
be supplied to a target pixel to be corrected is adjusted such
that the actual luminance of the target pixel is equal to the
actual luminance of a reference pixel having predetermined
attenuation characteristics for light emission amount.
Accordingly, it is possible to maintain the luminance differ-
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ence between the high luminance region and the low lumi-
nance region of an image signal.

[0042] Note that these general and specific aspects may be
implemented using a system, a method, an integrated circuit,
a computer program, or a computer-readable recording
medium such as a CD-ROM, or any combination of systems,
methods, integrated circuits, computer programs, or com-
puter-readable recording media.

[0043] Hereinafter, an embodiment will be specifically
described with reference to the drawings.

[0044] The embodiment described below shows a general
or specific example. The numerical values, shapes. materi-
als, structural components, the arrangement and connection
of the structural components, steps, the processing order of
the steps etc. shown in the following embodiment are mere
examples, and therefore are not intended to limit the present
invention. Among the structural components in the follow-
ing embodiment, structural components not recited in any
one of the independent claims which indicate the broadest
concepts are described as arbitrary structural components.

Embodiment

[0045] A display device and a method for driving the
display device according to an embodiment will be
described with reference to FIG. 1A to FIG. 5. In the present
embodiment, an exanple where the display device is an
organic EL display will be described.

[0046] The actual luminance of a display device such as an
organic EL display is generally known to deteriorate over
time. The display device according to the present embodi-
ment does not completely eliminate the deterioration of the
actual luminance generated over time, but controls the
deterioration of the actual luminance generated over time to
predesigned characteristics. This makes it possible to reduce
variations in deterioration of the actual luminance among
products.

[0047] The following describes the definitions of the terms
used in the present embodiment.

[0048] In the present embodiment, the term “physical
deterioration amount” refers to the amount of reduction,
over time, of the actual luminance (light emission amount)
generated when luminance data obtained from an image
signal, that is, uncorrected luminance data is supplied to a
pixel. The physical deterioration amount differs among
individual pixels.

[0049] In the present embodiment, the term “attenuation
characteristics for light emission amount” refers to the
attenuation amount of the actual luminance over time
defined by the design. The physical deterioration amount
cannot be controlled by the design (the physical deteriora-
tion amount differs depending on the image to be displayed),
whereas the attenuation characteristics for light emission
amount can be controlled by the design. The attenuation
characteristics for light emission amount are uniform among
all the pixels.

1. Configuration of Display Device

[0050] FIG. 1A is an external view of an organic EL
display 1, and FIG. 1B is a block diagram illustrating an
example of a configuration of the organic EL display 1.
[0051] As FIG. 1B illustrates, the organic EL display 1
includes a display unit 10 and a control unit 20.
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[0052] The display unit 10 includes an organic EL panel
110, a data line drive circuit 120, and a scanning line drive
circuit 130.

[0053] The organic EL panel 110 includes a plurality of
pixels P arranged in a matrix, and a plurality of scanning
lines GL and a plurality of data lines SL which are connected
to the pixels P.

[0054] In the present embodiment, each pixel P includes
an organic EL, element OFL, a selection transistor T1, a
drive transistor T2, and a capacitor element C1.

[0055] The selection transistor T1 switches between selec-
tion and non-selection of the pixel P according to a driving
signal outputted from the control unit 20. The selection
transistor T1 is a thin film transistor (TFT), and has a gate
terminal connected to the scanning line GL, a source termi-
nal connected to the data line SL, and a drain terminal
connected to a node N1.

[0056] The drive transistor T2 supplies driving current
corresponding to the voltage value of the data line SL to the
organic EL element OEL. The drive transistor T2 is a thin
film transistor. The drive transistor T2 has a gate terminal
connected to the node N1, a source terminal connected to an
anode electrode of the organic EL element OEL, and a drain
terminal to which voltage VTFT is supplied.

[0057] The organic EL element OEL is a light emitting
element which emits light according to the driving current.
The driving current is supplied from the drive transistor T2.
The organic EL element OEL has an anode electrode con-
nected to the source terminal of the drive transistor T2, and
a cathode electrode which is grounded.

[0058] The capacitor element C1 has a first terminal
connected to the node N1, and a second terminal connected
to the source terminal of the drive transistor T2.

[0059] The data line drive circuit 120 supplies, to the data
lines SL, voltage corresponding to a correction signal out-
putted from the control unit 20.

[0060] The scanning line drive circuit 130 supplies, to the
scanning lines GL, voltage corresponding to the driving
signal outputted from the control unit 20.

[0061] In the present embodiment, an example has been
described where the selection transistor T1 and the drive
transistor T2 each are an N-type TFT. However, the selection
transistor T1 and the drive transistor T2 each may be a
P-type TFT. In this case, too, the capacitor element C1 is
connected between the gate and the source of the drive
transistor T2.

[0062] The control unit 20 is a circuit for controlling
display of an image on the organic EL panel 110, and
includes, for example, a timing controller (TCOM). The
control unit 20, for example, sequentially obtains, from an
image signal, a luminance signal to be supplied to each of
the pixels P included in the organic EL panel 110. The
control unit 20 further corrects each luminance signal. The
correction of the luminance signal is performed, for
example, according to the physical deterioration amount of
the organic EL element OEL in the pixel P corresponding to
the target luminance signal to be corrected, and the attenu-
ation characteristics for light emission amount. Hereinafter,
the luminance signal after the correction is referred to as a
correction signal. The control unit 20 outputs a correction
signal to the data line drive circuit 120. In the following
description, the pixel P corresponding to the luminance
signal currently being corrected in the control unit 20 is
referred to as a target pixel P to be corrected.
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[0063] FIG. 2is a block diagram illustrating an example of
a configuration of the control unit 20. As FIG. 2 illustrates,
the control unit 20 includes a display state detection unit
210, a luminance reduction calculation unit 220, and a
correction value calculation unit 230.

[0064] The display state detection unit 210 detects the
display state based on a feedback signal provided from the
display unit 10. Here, the display state refers to, for example,
the light emission state of the organic EL panel 110.
[0065] The luminance reduction calculation unit 220
equally reduces the values of the luminance signals for all of
the pixels P in the organic EL, panel 110 at the same
reduction rate. The luminance reduction calculation unit 220
includes a reduction rate calculation unit 221 and a multi-
plier 222.

[0066] More specifically, the luminance reduction calcu-
lation unit 220 obtains a luminance signal from the image
signal for displaying an image on the display unit 10. The
reduction rate calculation unit 221 obtains, based on infor-
mation provided from the display state detection unit 210, a
lighting period which is an accumulation of periods during
which images are displayed on the organic EL panel 110.
Subsequently, the reduction rate calculation unit 221 derives
the reduction rate according to the display period. The
reduction rate is set in advance according to the panel
lighting period. The multiplier 222 generates a second
luminance signal by multiplying the luminance signal
obtained from the image signal by the reduction rate calcu-
lated by the reduction rate calculation unit 221.

[0067] The correction value calculation unit 230 calcu-
lates, for each pixel P, a correction signal obtained by
correcting the second luminance signal according to the
deterioration amount. The correction value calculation unit
230 includes multipliers 231,232 and 234, a deterioration
amount calculation unit 233, and a gray level correction
calculation unit 235. The operations of the respective struc-
tural components in the correction value calculation unit 230
will be described later.

2. Driving Method

[0068] The method for driving the display device accord-
ing to the present embodiment (the operations of the cor-
rection value calculation unit 230) will be described with
reference to FIGS. 3 to 5.

[0069] [2-1. Attenuation Characteristics for Light Emis-
sion Amount]
[0070] First, prior to the description of the operations of

the correction value calculation unit 230, the attenuation
characteristics for light emission amount used in the reduc-
tion rate calculation unit 220 will be described.

[0071] In the present embodiment, the attenuation char-
acteristics for light emission amount are, as described above,
represented by the reduction amount of the actual luminance
relative to time. The attenuation characteristics for light
emission amount are characteristics determined by the
design.

[0072] The attenuation characteristics for light emission
amount may be set according to, for example, the specifi-
cation of the organic EL display 1, the specification of
product life, or the half life of the actual luminance (such as
30,000 hours or 60,000 hours). The attenuation character-
istics for light emission amount in this case are set such that
the attenuation amount is greater than the minimum dete-
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rioration characteristics L,,, and less than the maximum
deterioration characteristics L, ...

[0073] Moreover, the attenuation characteristics for light
emission amount are commonly set among all colors so as
not to generate color differences between the pixels P of the
same color. The attenuation characteristics for light emission
amount which are different for each color may be set to the
extent that the color differences are not generated. Moreover,
the attenuation characteristics for light emission amount are,
as described above, represented by the reduction amount of
the actual luminance relative to time. The actual luminance
relative to time may be attenuated linearly or may be
attenuated quadratically. The attenuation characteristics for
light emission amount are stored in advance in a storage unit
(not illustrated) of the organic EL panel 110.

[0074] FIG. 3 illustrates examples of the attenuation char-
acteristics for light emission amount L0, the minimum
deterioration characteristics [, and the maximum dete-
rioration characteristics L,,,.. In FIG. 3, the attenuation
characteristics for light emission amount L0 are defined by
the deterioration rate relative to elapsed time. In the present
embodiment, the deterioration rate is, as described above,
defined by the rate of the remaining luminance of the pixel
P to the initial actual luminance of the pixel P in the initial
state (remaining luminance/initial actual luminance).

[0075] As illustrated in FIG. 3, the attenuation character-
istics for light emission amount LO are set such that the
deterioration amount is, at any given time, greater than the
minimum deterioration characteristics L,,,, and less than
the maximum deterioration characteristics L,

[0076] Here, the minimum deterioration characteristics
L., are, for example, represented by the physical deterio-
ration amount (for example, deterioration rate) of the pixel
P with the minimum deterioration characteristics, relative to
the elapsed time. The physical deterioration amount of the
pixel P with the minimum deterioration characteristics may
be, for example, expressed by using an estimated value
statistically calculated, or may be an experimentally
obtained value. More specifically, for example, in the case
where a test image signal (ordinary broadcast waves may be
used) is displayed on the organic EL display 1, the deterio-
ration amount is obtained for each pixel P included in the
organic EL panel 110. Of the derived deterioration amount,
the minimum deterioration amount is the physical deterio-
ration amount of the pixel P with the minimum deterioration
characteristics. In this case, the pixel P with the minimum
deterioration characteristics may be different at respective
times.

[0077] The maximum deterioration characteristics L.,
are, for example, represented by the physical deterioration
amount (for example, deterioration rate) of the pixel P with
the maximum deterioration characteristics relative to the
elapsed time. The physical deterioration amount of the pixel
P with the maximum deterioration characteristics may be,
for example, expressed by an estimated value statistically
calculated, or an experimentally obtained value. More spe-
cifically, for example, in the case where a test image signal
(ordinary broadcast waves may be used) is displayed on the
organic EL display 1, the deterioration amount is obtained
for each pixel P included in the organic EL panel 110. Of the
derived deterioration amount, the maximum deterioration
amount is the physical deterioration amount of the pixel P
with the maximum deterioration characteristics. In this case,

max*
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the pixel P with the maximum deterioration characteristics
may be different at respective times.

[0078]

[0079] Next, an example of the operations of the correc-
tion value calculation unit 230 (the method for driving the
display device) will be described with reference to FIGS. 2,
4 and 5. Note that the operations of the correction value
calculation unit 230 described below are merely an example,
and are not limited to such an example.

[0080] The correction value calculation unit 230 calcu-
lates a correction signal to be supplied to the target pixel P
to be corrected, such that the actual luminance of the target
pixel P is equal to the actual luminance of a reference pixel
to which the second luminance signal is supplied.

[0081] As FIG. 2 illustrates, the multiplier 231 multiplies
the second luminance signal by (1/initial efficiency m0).
Here, the actual luminance of the pixel P that has not been
deteriorated (that is, the initial actual luminance L) is
represented by nOx 1. I refers to the value of current
(corresponding to a luminance signal).

[0082] The multiplier 232 multiplies the output signal
(L/mO) from the multiplier 231 by (1/remaining rate Amn)
calculated by the deterioration amount calculation unit 233
to be described later. The remaining rate A is, in the target
pixel P, the rate of the current actual luminance to the initial
actual luminance. The multiplication result L/(10xAm)
obtained by the multiplier 232 is equivalent to the value of
current that needs to be supplied to the pixel P in order to
obtain the actual luminance in the initial state in the organic
EL panel 110.

[0083] The deterioration amount calculation unit 233 cal-
culates the remaining rate (=1-deterioration rate) by using
the multiplication result obtained by the multiplier 232. The
remaining rate is an example of the deterioration amount.
The remaining rate is, for example, defined by using the rate
of the remaining actual luminance which Is the current
actual luminance of the pixel P to the initial actual lumi-
nance of the pixel P (remaining actual luminance/initial
actual luminance).

[0084] The deterioration amount is determined from the
amount of current actually supplied to the pixel P. However,
since it is difficult to directly measure the amount of current,
the deterioration amount is obtained by calculation in the
present embodiment. More specifically, for example, the
deterioration amount is obtained by the multiplication result
L/(n0xAn) obtained by the multiplier 232.

[0085] The multiplier 234 multiplies the second lumi-
nance signal by (1/remaining rate Am) calculated by the
deterioration amount calculation unit 233.

[0086] The gray level correction calculation unit 235
converts the value of the luminance signal L/An, which has
been adjusted so that a target initial actual luminance L is
generated in a deteriorated organic EL element OEL, to the
gray level to be set to the display unit 10. The relationship
between the gray level and luminance is set in advance, and
thus, the gray level corresponding to the luminance signal
L/An is selected by the gray level correction calculation unit
235.

[0087] FIG. 4 is a graph showing the deterioration char-
acteristics of a pixel P (first pixel) before and after the
correction and the current amount 11 flowing through the
pixel P. The pixel P has first deterioration characteristics L1
in which the deterioration amount (attenuation amount)

[2-2. Correction of Luminance Signal]
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relative to the elapsed time is less than the attenuation
characteristics for light emission amount.

[0088] As can be understood from FIG. 4, the deteriora-
tion amount of the first deterioration characteristics L1
relative to the elapsed time is less than the attenuation
characteristics for light emission amount L0. In other words,
the deterioration amount of the first deterioration character-
istics L1 is less than the reduction rate defined in the
luminance reduction calculation unit 220. Therefore, as a
result, a process for reducing the value of the luminance
signal input to the control unit 20 is performed on the pixel
P with the first deterioration characteristics L1. That is, the
value of the current amount 11 flowing through the pixel P
with the first deterioration characteristics L1 decreases over
time.

[0089] FIG. 5 is a graph showing the deterioration char-
acteristics of a pixel P (second pixel) before and after the
correction and the current amount 12 flowing through the
pixel P. The pixel P has second deterioration characteristics
L2 in which the deterioration amount (attenuation amount)
relative to the elapsed time is less than the attenuation
characteristics for light emission amount.

[0090] As can be understood from FIG. 5, the deteriora-
tion amount of the second deterioration characteristics L2
relative to the elapsed time is greater than the attenuation
characteristics for light emission amount L0. In other words,
the deterioration amount of the second deterioration char-
acteristics L2 is greater than the reduction rate defined in the
luminance reduction calculation unit 220. Therefore, a pro-
cess for increasing the value of the luminance signal input to
the control unit 20 is performed on the pixel P with the
second deterioration characteristics L.2. That is, the value of
the current amount 12 flowing through the pixel P with the
second deterioration characteristics L2 increases over time.

3. Advantageous Effects, Etc

[0091] Inthe organic EL display 1 according to the present
embodiment, as described above, the value of the luminance
signal to be supplied to a target pixel to be corrected is
adjusted such that the actual luminance of the target pixel is
equal to the actual luminance of a reference pixel having
predetermined attenuation characteristics for light emission
amount. Accordingly, it is possible to maintain the lumi-
nance difference between the high luminance region and the
low luminance region of an image signal. Moreover, the
organic EL display 1 according to the present embodiment
is capable of maintaining an intended luminance difference
in an image signal, and thus, it is possible to appropriately
avoid the burn-in phenomenon while effectively preventing
the reduction of the image quality.

[0092] Moreover, the organic EL display 1 according to
the present embodiment corrects a luminance signal accord-
ing to the attenuation characteristics for light emission
amount, instead of correcting the luminance signal so as to
obtain the initial actual luminance or to obtain the actual
luminance same as the pixel having the minimum deterio-
ration characteristics. As a result, it is possible to effectively
prevent the progression speed of deterioration from increas-
ing, that is, it is possible to prevent the reduction speed of the
life from increasing.

[0093] More specifically, in the conventional organic EL
display, when a luminance signal is corrected so as to obtain
the initial actual luminance, the luminance signal is cor-
rected so as to increase the luminance value for both a
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deteriorated pixel (with a large deterioration amount) and a
pixel with a small deterioration amount. In the organic EL
display 1 according to the present embodiment, a luminance
signal is corrected so as to increase the luminance value for
a pixel with a large deterioration amount, as in the conven-
tional technique. However, for a pixel with a small deterio-
ration amount, a luminance signal is corrected to reduce the
luminance value in an opposite manner to the conventional
technique. Therefore, an increase in deterioration amount for
a pixel with a small deterioration amount can be further
reduced. Moreover, since a small amount of correction is
made for a pixel with a large deterioration amount, an
increase in deterioration amount can also be further reduced.
[0094] Moreover, when a luminance signal is corrected to
obtain the actual luminance same as that of a pixel having
the minimum deterioration characteristics as in the conven-
tional technique, an increase in deterioration amount can be
reduced. However, the deterioration of the actual luminance
generated over time increases, which might lead to a sig-
nificant reduction in image quality over time. In contrast,
since the organic EL display 1 according to the present
embodiment is capable of controlling, by the design, the
deterioration of the actual luminance generated over time,
significant reduction in image quality can be prevented.
[0095] In other words, in the organic EL display 1 accord-
ing to the present embodiment, it is possible to obtain two
advantageous effects simultaneously: reducing an increase
in physical deterioration amount of the pixels and control-
ling the deterioration of the actual luminance generated over
time. Control of the deterioration of the actual luminance
generated over time allows the image quality to be con-
trolled at the design side.

[0096] Moreover, the deterioration of the actual luminance
of a product can be controlled by setting the attenuation
characteristics for light emission amount in accordance with
the product specification of the organic EL display 1.

4. Verification

[0097] It is possible to verify whether or not the organic
EL display according to the present embodiment is being
used, for example, as follows.

[0098] In the display unit of an organic EL display, a
non-light-emitting region and a light-emitting region are set.
In the non-light-emitting region, a data signal from the data
line drive circuit 120 illustrated in FIG. 1B is physically
blocked. For each of the non-light-emitting region and the
light-emitting region, a high load region in which a high load
is applied to the organic EL elements (for example, a region
which constantly has a high luminance value) and a low load
region in which a low load is applied to the organic EL
elements (for example, a region which constantly has a low
luminance value) are set. In other words, four regions of a
non-light-emitting high load region, a non-light-emitting
low load region, a light-emitting high load region, and a
light-emitting low load region are set.

[0099] An image is displayed in the high load region and
the low load region for a predetermined time period.
[0100] (Condition a) Here, in the organic EL display
according to the present embodiment, the actual luminance
is adjusted according to the attenuation characteristics for
light emission amount. Hence, the attenuation characteris-
tics for the actual luminance are considered to match in the
light-emitting high load region and the light-emitting low
load region.
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[0101] (Condition b) Moreover, a data signal from the data
line drive circuit 120 is physically connected to the non-
light-emitting regions for every predetermined period to
measure the actual luminance. Here, since no current flows
through the pixels in the non-light-emitting regions except
for the test period, it can be considered that the initial status
with no deterioration is maintained.

[0102] In the case of the organic EL display according to
the present embodiment, as described with reference to FIG.
4, the luminance signals are corrected in the non-light-
emitting low load region, so as to gradually reduce the
luminance values as in the light-emitting low load region. In
other words, even though the pixels in the non-light-emitting
low load region are not actually deteriorated, the luminance
signals are corrected to reduce the luminance values. There-
fore, the actual luminance values of the pixels in the
non-light-emitting low load region are considered to gradu-
ally decrease.

[0103] Moreover, in the case of the organic EL display
according to the present embodiment, as described with
reference to FIG. 5, the luminance signals are corrected in
the non-light-emitting high load region, so as to gradually
increase the luminance values as in the light-emitting high
load region. In other words, even though the pixels in the
non-light-emitting high load region are not actually deterio-
rated, the luminance signals are corrected to increase the
luminance values. Therefore, the actual luminance values of
the pixels in the non-light-emitting high load region are
considered to gradually increase.

[0104] From the above, it is considered that the organic EL
display according to the present embodiment are being used,
when condition a, in which the attenuation characteristics
for the actual luminance match in the light-emitting high
load region and the light-emitting low load region, and
condition b, in which the actual luminance in the non-light-
emitting low load region gradually decreases and the actual
luminance in the non-light-emitting high load region gradu-
ally increases, are satisfied.

[0105] In contrast, for example, in the display device
described in PTL 1, it is considered that condition b is not
satisfied because there are periods in which the actual
luminance increases and periods in which the actual lumi-
nance reduces.

Variations, Etc. of Embodiment

[0106] In the above embodiment, each of the structural
components (in particular, the control unit 20) may be
configured in the form of an exclusive hardware product, or
may be realized by executing a software program suitable
for the structural component. Each of the structural compo-
nents may be realized by means of a program executing unit,
such as a CPU and a processor, reading and executing the
software program recorded on a recording medium such as
a hard disk or a semiconductor memory. Here, the software
program for realizing the display device according to the
above embodiment is the program described below.

[0107] That is, the program causes a computer to execute:
adjusting a value of a luminance signal to be supplied to a
target pixel to be corrected, such that an actual luminance of
the target pixel is equal to a reference luminance, the
reference luminance being an actual luminance of a refer-
ence pixel obtained when the luminance signal to be sup-
plied to the target pixel is supplied to the reference pixel, the
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reference pixel having a predetermined attenuation charac-
teristic for light emission amount.

[0108] Although the display device and the method for
driving the display device has been described based on the
above embodiment, the present invention is not limited to
such an embodiment. Forms obtained by various modifica-
tions to the embodiment that can be conceived by a person
of skill in the art as well as forms realized by combining
structural components in the embodiment and Variation,
which are within the scope of the essence of the present
invention may be included in one or more aspects.

INDUSTRIAL APPLICABILITY

[0109] The display device and the method for driving the
display device according to the present invention are useful
in technical fields including displays of a flat-screen TV and
a personal computer.

REFERENCE SIGNS LIST

[0110] 1 Organic EL display

[0111] 10 Display unit

[0112] 20 Control unit

[0113] 110 Organic EL panel

[0114] 120 Data line drive circuit

[0115] 130 Scanning line drive circuit

[0116] 210 Display state detection unit

[0117] 220 Luminance reduction calculation unit

[0118] 221 Reduction rate calculation unit

[0119] 222, 231, 232, 234 Multiplier

[0120] 230 Correction value calculation unit

[0121] 233 Deterioration amount calculation unit

[0122] 235 Gray level correction calculation unit

[0123] P Pixel

[0124] GL Scanning line

[0125] SL Data line

[0126] OEL Organic EL element

[0127] T1 Selection transistor

[0128] T2 Drive transistor

[0129] C1 Capacitor element

[0130] N1 Node

[0131] L0 Attenuation characteristics for light emission
amount

[0132] L,,, Minimum deterioration characteristics

[0133] L, Maximum deterioration characteristics

1. A display device comprising:

a display unit which includes a plurality of pixels each
including a light emitting element; and

a control unit configured to adjust a value of a luminance
signal to be supplied to a target pixel to be corrected,
such that an actual luminance of the target pixel is equal
to a reference luminance, the reference luminance
being an actual luminance of a reference pixel obtained
when the luminance signal to be supplied to the target
pixel is supplied to the reference pixel, the reference
pixel having a predetermined attenuation characteristic
for light emission amount.

2. The display device according to claim 1,

wherein the predetermined attenuation characteristic for
light emission amount is defined by an attenuation
amount of the actual luminance of the reference pixel
relative to elapsed time,

the predetermined attenuation characteristic for light
emission amount is set such that the attenvation amount
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is (i) greater than a minimum deterioration character-
istic in which the attenuation amount relative to elapsed
time is minimum, and (ii) less than a maximum dete-
rioration characteristic in which the attenuation amount
relative to elapsed time is maximum, and

the minimum deterioration characteristic and the maxi-
mum deterioration characteristic are statistically esti-
mated.

3. The display device according to claim 1,

wherein the predetermined attenuation characteristic for
light emission amount is predesigned according to a
specification of the display device.

4. The display device according to claim 1,

wherein, in the adjustment of the value of the luminance
signal, the control unit is configured to: reduce the
value of the luminance signal for a first pixel having a
first deterioration characteristic in which an attenuation
amount relative to elapsed time is less than the prede-
termined attenuation characteristic for light emission
amount; and increase the value of the luminance signal
for a second display signal having a second deteriora-
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tion characteristic in which an attenuation amount
relative to elapsed time is greater than the predeter-
mined attenuation characteristic for light emission
amount.

5. The display device according to claim 1,

wherein the light emitting element is an organic electrolu-
minescent element.

6. A method for driving a display device which includes

a display unit which includes a plurality of pixels each
including a light emitting element, the method comprising:

adjusting a value of a luminance signal to be supplied to
a target pixel to be corrected, such that an actual
luminance of the target pixel is equal to a reference
luminance, the reference luminance being an actual
luminance of a reference pixel obtained when the
luminance signal to be supplied to the target pixel is
supplied to the reference pixel, the reference pixel
having a predetermined attenuation characteristic for
light emission amount.
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