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7) ABSTRACT

There is provided an organic light emitting display device
including a display panel including pixels and a display
panel driver configured to drive the display panel. The
display panel driver is arranged to receive a maximum
brightness signal. When a maximum brightness determined
corresponding to the maximum brightness signal is lower
than a first reference maximum brightness for a frame, the
display panel driver is programmed to direct less than all of
the pixels to emit light components during a frame period of
the frame. When the maximum brightness is higher than the
first reference maximum brightness and is lower than a
second reference maximum brightness, the display panel
driver is programmed to direct all of the pixels to emit light
components during only part of the frame period. The
second reference maximum brightness is higher than the first

G09G 3/3225 (2006.01) reference maximum brightness.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to, and the benefit
of, Korean Patent Application No. 10-2015-0095956, filed
on Jul. 6, 2015 in the Korean Intellectual Property Office, the
entire contents of which are incorporated herein by reference
in their entirety.

BACKGROUND

[0002] 1. Field

[0003] Embodiments of the present invention relate gen-
erally to organic light emitting display devices. More spe-
cifically, embodiments of the present invention relate to
organic light emitting display devices having dimming capa-
bility, and methods of driving the same.

[0004] 2. Description of the Related Art

[0005] Recently, various display devices have been devel-
oped that are smaller and lighter than conventional cathode
ray tube displays. These display devices include a liquid
crystal display device, a field emission display device, a
plasma display panel device, and an organic light emitting
display device.

[0006] Dimming that controls maximum brightness of the
organic light emitting display device, and increasing the
number of possible maximum brightness steps, have been
the focus of resent research efforts. However, when the
number of possible maximum brightness steps increases, in
the case in which the possible maximum brightness steps
and grayscales are received, a size of a look-up table for
outputting a data voltage increases.

SUMMARY

[0007] An embodiment of the present invention relates to
an organic light emitting display device capable of mini-
mizing a degree of increase in size of a look-up table
required for increasing the number of possible maximum
brightness steps, and a method of driving the same.

[0008] Another embodiment of the present invention
relates to an organic light emitting display device in which
a display panel driver includes a brightness look-up table for
increasing the number of possible maximum brightness
steps with no or reduced increase in look-up table size.
[0009] An organic light emitting display device according
to an embodiment of the present invention includes a display
panel including pixels, and a display panel driver configured
to drive the display panel. The display panel driver is
arranged to receive a maximum brightness signal. When a
maximum brightness corresponding to the maximum bright-
ness signal is lower than a first reference maximum bright-
ness for a frame, the display panel driver is programmed to
direct less than all of the pixels to emit light components
during a frame period of the frame. When the maximum
brightness is higher than the first reference maximum bright-
ness and is lower than a second reference maximum bright-
ness, the display panel driver is programmed to direct all of
the pixels to emit light components during only part of the
frame period. The second reference maximum brightness is
higher than the first reference maximum brightness.
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[0010] The display panel driver may further include a
maximum brightness look-up table configured to output data
voltage levels based on input maximum brightness and
grayscales. When the maximum brightness is higher than the
second reference maximum brightness, the display panel
driver may be programmed to input the maximum brightness
to the maximum brightness look-up table. When the maxi-
mum brightness is lower than the second reference maxi-
mum brightness, the display panel driver may be pro-
grammed to convert the maximum brightness into a value
higher than the second reference maximum brightness so as
to form a converted maximum brightness, and to input the
converted maximum brightness to the maximum brightness
look-up table.

[0011] The maximum brightness look-up table may be
included in the timing controller or the data driver.

[0012] The display panel driver may include a timing
controller configured to receive image signals, timing sig-
nals, and the maximum brightness signal and to supply a
scan timing control signal and a data timing control signal.
The timing controller can include a whether-to-convert
signal generator configured to generate a whether-to-convert
signal and an image signal converter configured to receive
the whether-to-convert signal. When the maximum bright-
ness is lower than the first reference maximum brightness,
the whether-to-convert signal generator may be further
configured to generate a whether-to-convert signal having a
first logic value, the image signal converter may be further
configured to convert the image signals, and the timing
controller may be further configured to output the converted
image signals. When the maximum brightness is higher than
the first reference maximum brightness, the whether-to-
convert signal generator may be further configured to gen-
erate a whether-to-convert signal having a second logic
value different from the first logic value, and the timing
controller may be further configured to output the image
signals.

[0013] The image signal converter may be further config-
ured to store pixel information corresponding to an image
signal. When the maximum brightness is lower than the first
reference maximum brightness, the image signal converter
may be further configured to generate the converted image
signals so that some of the converted image signals corre-
spond to a black grayscale.

[0014] When the maximum brightness is lower than the
first reference maximum brightness, the timing controller
may be further configured to convert the maximum bright-
ness to a value higher than the second reference maximum
brightness so as to form a converted maximum brightness.
When the image signals are displayed based on the maxi-
mum brightness, an average brightness of the corresponding
pixels may be substantially equal to an average brightness of
the corresponding pixels when the converted image signals
are displayed based on the converted maximum brightness.
[0015] The display panel may include data lines config-
ured to transmit data voltages to the pixels, scan lines
configured to transmit scan signals to the pixels, and emis-
sion control lines configured to transmit emission control
signals to the pixels. The timing controller may be config-
ured to supply an emission control timing control signal. The
display panel driver may further include a data driver
configured to further supply an emission control timing
control signal, to generate the data voltages based on the
image signals or the converted image signals, and to supply
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the data voltages to the data lines based on a timing at which
the scan timing control signal is supplied, a scan driver
configured to supply the scan signals to the scan lines based
on a timing at which the scan timing control signal is
supplied, and an emission control driver configured to
supply the emission control signals based on a timing at
which the emission control timing control signal is supplied.
[0016] When the maximum brightness is higher than the
first reference maximum brightness and is lower than the
second reference maximum brightness, the emission control
timing control signal can include information describing a
non-emission period. When the maximum brightness is
higher than the second reference maximum brightness, the
emission control timing control signal may not include the
information describing the non-emission period.

[0017] When the maximum brightness is higher than the
first reference maximum brightness and is lower than the
second reference maximum brightness, the timing controller
may be configured to convert the maximum brightness to a
value higher than the second reference maximum brightness.
When the image signals are displayed based on the maxi-
mum brightness and an emission control timing control
signal that does not include the information describing the
non-emission period, an average brightness of the corre-
sponding pixels may be substantially equal to an average
brightness of the corresponding pixels when the image
signals are displayed based on the converted maximum
brightness and an emission control timing control signal
including the information describing the non-emission
period.

[0018] When the maximum brightness is lower than the
first reference maximum brightness, the pixels may not emit
light components during a portion of the frame period.
[0019] A method of driving an organic light emitting
display device including a display panel having pixels and a
display panel driver configured to drive the display panel
according to another embodiment of the present invention
includes receiving image signals and timing signals, receiv-
ing a maximum brightness signal corresponding to a maxi-
mum brightness, converting image signals, generating an
emission control timing control signal including information
on a non-emission period, calling a look-up table, and
directing the pixels to emit light components. The convert-
ing is conditionally performed when the maximum bright-
ness is lower than a first reference maximum brightness. The
generating is conditionally performed when the maximum
brightness is higher than the first reference maximum bright-
ness and is lower than a second reference maximum bright-
ness. The second reference maximum brightness is higher
than the first reference maximum brightness.

[0020] The generating may be petformed after the con-
verting.
[0021] The converting may further comprise generating an

emission control timing control signal that does not include
the information on the non-emission period is generated.
[0022] The method further includes converting the maxi-
mum brightness. The converting the maximum brightness
may be performed after the converting the image signals or
the generating an emission control timing control signal, and
may be performed before the calling a look-up table.
[0023] The converting the image signals may include
generating pixel information, and converting image signals
corresponding to some of the pixel information to corre-
spond to a black grayscale.
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[0024] The converting the maximum brightness may fur-
ther comprise generating a converted maximum brightness.
A level of the converted maximum brightness may be set so
that an average brightness of pixels when the image signals
are displayed based on the maximum brightness is substan-
tially equal to an average brightness of pixels when con-
verted image signals are displayed based on the converted
maximum brightness.

[0025] The generating an emission control timing control
signal may further comprise determining a length of the
non-emission period and generating the emission control
timing control signal based on the determined length of the
non-emission period.

[0026] The converting the maximum brightness may fur-
ther comprise generating a converted maximum brightness.
A level of the converted maximum brightness may be set so
that an average brightness of pixels when the image signals
are displayed based on the maximum brightness and the
emission control timing control signal that does not include
the information on the non-emission period may be substan-
tially equal to an average brightness of pixels when image
signals are displayed based on the converted maximum
brightness and the emission control timing control signal
including the information on the non-emission period.

[0027] The method further includes, when the maximum
brightness is higher than the second reference maximum
brightness, generating an emission control timing control
signal that does not include information on a non-emission
period.

[0028] In the organic light emitting display device accord-
ing to the embodiment of the present invention and the
method of driving the same, the degree of the increase in size
of the look-up table required for increasing the number of
possible maximum brightness steps is minimized.

[0029] In addition, in the organic light emitting display
device according to the embodiment of the present invention
and the method of driving the same, since the degree of the
increase in size of the look-up table required for increasing
the possible maximum brightness steps is minimized,
although the possible maximum brightness steps increase,
the display panel driver may include the look-up table.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will full
convey the scope of the example embodiments to those
skilled in the art.

[0031] In the drawing figures. dimensions may be exag-
gerated for clarity of illustration. The various figures are thus
not necessarily to scale. It will be understood that when an
element is referred to as being “between” two elements, it
can be the only element between the two elements, or one or
more intervening elements may also be present. Like refer-
ence numerals refer to like elements throughout.

[0032] FIG. 1isa view of an organic light emitting display
device according to an embodiment of the present invention;
[0033] FIG. 2is a view of an embodiment of a pixel in the
organic light emitting display device of FIG. 1;
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[0034] FIG. 3 is a graph illustrating part of a method of
driving the organic light emitting display device of FIG. 1
based on maximum brightness;

[0035] FIG. 4 is a timing diagram illustrating emission of
light components when the maximum brightness of the
organic light emitting display device of FIG. 1 is included in
a second region;

[0036] FIG. 5 illustrates a method of emitting light com-
ponents when the maximum brightness of the organic light
emitting display device of FIG. 1 is included in a third
region;

[0037] FIG. 6 is a flowchart describing a method of
driving an organic light emitting display device according to
an embodiment of the present invention;

[0038] FIG. 7 is a flowchart describing a method of
driving an organic light emitting display device according to
another embodiment of the present invention;

[0039] FIG. 8 is a flowchart illustrating further details of
conversion of image signals, in the method of driving an
organic light emitting display device of FIG. 6; and

[0040] FIG. 9 is a flowchart illustrating further details of
generation of an emission control timing control signal
including information on a non-emission period, in the
method of driving an organic light emitting display device of
FIG. 6.

DETAILED DESCRIPTION

[0041] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings. Like reference numerals refer to like ele-
ments throughout. In describing the present invention, when
a detailed description of a well-known function or configu-
ration related to the present invention is considered to
unnecessarily divert the gist of the present invention, the
detailed description will not be given. Names of elements
used in the following description are selected for the
description purposes only, and may be different from those
of actual products. All numerical values are approximate,
and may vary. All examples of specific materials and com-
positions are to be taken as nonlimiting and exemplary only.
Other suitable materials and compositions may be used
instead.

[0042] FIG.1isa view of an organic light emitting display
device according to an embodiment of the present invention.
The organic light emitting display device includes a display
panel 100, a display panel driver 200, and a power source
supplier 300.

[0043] The display panel 100 includes pixels P(0,0) to
P(m,n) (m and n are positive integers), data lines D0 to Dn
(hereinafter, referred to as D) extending in a second direc-
tion, for transmitting data voltages to the pixels P(0,0) to
P(m,n), and scan lines SO to Sm (hereinafter, referred to as
S) extending in a first direction, for transmitting scan signals
to the pixels P. According to the embodiment, the display
panel 100 may further include emission control lines E0 to
Em (hereinafter, referred to as E) extending in the first
direction, for transmitting emission control signals to the
pixels P. In this embodiment, (n+1) pixels P are arranged in
the first direction and (m+1) pixels P are arranged in the
second direction. The scan lines S extend in the first direc-
tion and the data lines D extend in the second direction
which intersects the first direction. However, the present
invention is not limited thereto. In addition, power source
lines for driving the pixels P are omitted, and a structure of
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each of the pixels P will be described in detail with reference
to FIG. 2. In FIG. 1, a pixel (a,b) (a is an integer of value no
less than 0 and no more than m, and b is an integer of value
no less than 0 and no more than n) is electrically connected
to a scan line Sa, an emission control line Fa, and a data line
Db. However, the present invention is not limited thereto. In
addition, according to the embodiment, the pixel P(a,b) may
be electrically connected to a scan line Sa-1.

[0044] The display panel driver 200 drives the display
panel 100 by generating data voltages and supplying the
generated data voltages to the data lines D, and by gener-
ating scan signals and supplying the generated scan signals
to the scan lines S. More specifically, the display panel
driver 200 includes a timing controller 220, a data driver
230, a scan driver 240, and an emission control driver 250.
The timing controller 220, the data driver 230, the scan
driver 240, and the emission control driver 250 may be
respectively implemented by electronic devices or the entire
display panel driver 200 may be implemented by one
electronic device (for example, a display driving integrated
circuit (IC), etc.).

[0045] The timing controller 220 receives image signals
RGB, timing signals, and a maximum brightness signal MI
from an external source. One image signal RGB(a,b) of the
image signals RGB corresponds to the pixel P(a,b) and a
grayscale corresponding to the pixel P(a,b) is determined
based on a level of the image signal RGB(a,b). The gray-
scale may have a value between 0 and 255. The grayscale 0
may be referred to as a black grayscale, and the grayscale
255 may be referred to as a white grayscale. The timing
signals include a vertical synchronizing signal Vsync, a
horizontal synchronizing signal Hsync, and dot clocks DOT-
CLK. The maximum brightness may be determined based on
the maximum brightness signal MI. Timing control signals
DCS and SCS for controlling operation timing of the data
driver 230 and the scan driver 240 are generated based on
the received timing signals. When the maximum brightness
is higher than a first reference maximum brightness
Imaxrefl and lower than a second reference maximum
brightness Imaxref2, the timing controller 220 generates an
emission control timing control signal ECS including infor-
mation on a non-emission period. When the maximum
brightness is lower than the first reference maximum bright-
ness Imaxref1 or higher than the second reference maximum
brightness Imaxref2, the timing controller 220 generates an
emission control timing control signal ECS that does not
include information on the non-emission period. In another
embodiment, when the maximum brightness is lower than
the second reference maximum brightness Imaxref2, the
timing controller 220 may generate an emission control
timing control signal ECS that does not include information
on the non-emission period.

[0046] In addition, the timing controller 220 includes a
whether to convert signal generator 221 and an image signal
converter 222. The whether to convert signal generator 221
generates a whether to convert signal Tr. When the maxi-
mum brightness is lower than the first reference maximum
brightness Imaxref1, the whether to convert signal generator
221 generates a whether to convert signal Tr having a first
logic value. When the maximum brightness is higher than
the first reference maximum brightness Imaxrefl, the
whether to convert signal generator 221 generates a whether
to convert signal Tr having a second logic value different
from the first logic value. The generated whether to convert
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signal Tr is transmitted to the image signal converter 222.
When a whether to convert signal Tr having the first logic
value is received, the image signal converter 222 converts
the image signals RGB to converted image signals RGBt,
and the timing controller 220 outputs converted image
signals RGBt. When a whether to convert signal Tr having
the second logic value is received, the image signal con-
verter 222 does not convert the image signals RGB, and the
timing controller 220 outputs the image signals RGB.

[0047] When the timing controller 220 converts the image
signals RGB or generates the emission control timing con-
trol signal ECS including information on the non-emission
period, the timing controller 220 converts the maximum
brightness and generates a maximum brightness signal MI'
based on the converted maximum brightness. For example,
when the maximum brightness is lower than the first refer-
ence maximum brightness Imaxrefl, the level of the maxi-
mum brightness is converted so that average brightness of
pixels in the case in which the image signals RGB are
displayed based on the maximum brightness is substantially
equal to average brightness of pixels in the case in which the
converted image signals RGBt are displayed based on the
converted maximum brightness, which will be described in
detail with reference to FIG. 5. In addition, when the
maximum brightness is higher than the first reference maxi-
mum brightness Imaxrefl and is lower than the second
reference maximum brightness Imaxref2, the level of the
maximum brightness is converted so that average brightness
of pixels in the case in which the image signals RGB are
displayed based on the maximum brightness and an emis-
sion control timing control signal ECS that does not include
information on the non-emission period is substantially
equal to average brightness of pixels in the case in which the
image signals RGB are displayed based on the converted
maximum brightness and an emission control timing control
signal ECS including information on the non-emission
period, which will be described with reference to FIG. 4. In
FIG. 1, the timing controller 220 outputs the converted
maximum brightness signal MI' and the converted image
signals RGBt. However, the present invention is not limited
thereto. When the maximum brightness is higher than the
second reference maximum brightness Imaxref2, the timing
controller 220 may for example output the maximum bright-
ness signal MI and the image signals RGB.

[0048] The data driver 230 latches the image signals RGB
or the converted image signals RGBt input from the timing
controller 220, in response to the data timing control signal
DCS. The data driver 230 includes a plurality of source
driver 1Cs and the source driver ICs may be electrically
connected to the data lines D of the display panel 100 by a
chip on glass (COG) process or a tape automated bonding
(TAB) process. The data driver 230 further includes a
maximum brightness look-up table 231. When the maxi-
mum brightness and a grayscale are input, the maximum
brightness look-up table 231 may output a data voltage level
based on the input maximum brightness and grayscale.
When the maximum brightness determined based on the
maximum brightness signal MI is higher than the second
reference maximum brightness Imaxref2, the maximum
brightness is input to the maximum brightness look-up table
231 as is. When the maximum brightness determined based
on the maximum brightness signal MI is lower than the
second reference maximum brightness Imaxref2, the maxi-
mum brightness converted by the timing controller 220 is
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input to the maximum brightness look-up table 231. In FIG.
1, the maximum brightness look-up table 231 is included in
the data driver 230. However, the present invention is not
limited thereto. The maximum brightness look-up table 231
may instead for example be included in the timing controller
220, and/or the maximum brightness look-up table 231 may
be stored in an additional non-volatile memory (not shown).
[0049] The scan driver 240 sequentially supplies the scan
signals to the scan lines S in response to the scan timing
control signal SCS. The scan driver 240 is directly formed
on a substrate of the display panel 100 in a gate in panel
(GIP) method, or may be electrically connected to the scan
lines S of the display panel 100 by a tablature (TAB)
method.

[0050] The emission control driver 250 sequentially sup-
plies emission control signals to emission control lines E in
response to the emission control timing control signal ECS.
The emission control driver 250 is directly formed on the
substrate of the display panel 100 by the GIP method, or may
be electrically connected to the emission control lines E of
the display panel 100 via the TAB method.

[0051] The power source supplier 300 supplies a first
voltage Vdd and a second voltage Vss to the display panel
100. In the above, it is described that, when the maximum
brightness is higher than the first reference maximum bright-
ness Imaxrefl and is lower than the second reference maxi-
mum brightness Imaxref2, the emission control timing con-
trol signal ECS is generated so as to include information on
the non-emission period. However, the present invention is
not limited thereto. The power source supplier 300 may be
controlled so as not to supply the first voltage Vdd and the
second voltage Vss during part of one frame. This can be
accomplished by the timing controller 220 transmitting a
power source supplier control signal (not shown) to the
power source supplier 300. In addition, the power source
supplier 300 may further supply an initializing voltage to the
display panel 100 according to the embodiment. A level of
the first voltage Vdd may be higher than that of the second
voltage Vss.

[0052] When the display panel 100 is driven by generating
an emission control timing control signal ECS including
information on the non-emission period, since additional
information on brightness correction is required, a size of the
maximum brightness look-up table 231 increases. However,
when the maximum brightness is lower than the first refer-
ence maximum brightness Imaxrefl, the timing controller
220 generates the converted image signals RGBt instead of
generating an emission control timing control signal ECS
that does not include information on the non-emission
period. Therefore, a degree of increase in size of the look-up
table required for increasing the possible maximum bright-
ness steps may be minimized.

[0053] FIG. 2is a view of an embodiment of a pixel in the
organic light emitting display device of FIG. 1. For conve-
nience, only a single pixel P(a,b) will be described.

[0054] The pixel P(a,b) includes an organic light emitting
diode (OLED) OLED(a,b) and a pixel driving circuit DC(a,
b). The pixel driving circuit DC(a,b) outputs a driving
current to the OLED OLED(a,b). The pixel driving circuit
DC(a,b) includes a driving transistor DT, first to sixth
transistors ST1 to ST6, and a capacitor C. The driving
transistor DT and the first to sixth transistors ST1 to ST6
may be p-type transistors. However, the present invention is
not limited thereto.
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[0055] A gate electrode of the driving transistor DT is
electrically connected to a first node N1, a first electrode of
the driving transistor DT is electrically connected to a
second node N2, and a second electrode of the driving
transistor DT is electrically connected to a third node N3.
The driving transistor DT controls a drain-source current
based on a difference in voltage level between the gate
electrode thereof and the first electrode thereof, and a current
level of the drain-source current Ids corresponds to a current
level of the driving current. Here, the first electrode may be
a source electrode or a drain electrode, and the second
electrode may be an electrode different from the first elec-
trode. For example, when the first electrode is the source
electrode, the second electrode may be the drain electrode.
Definitions of the first electrode and the second electrode
may be also applied to the first to sixth transistors ST1 to
ST6 to be described hereinafter.

[0056] A gate electrode of the first transistor ST1 is
electrically connected to an ath scan line Sa, a first electrode
of the first transistor ST1 is electrically connected to the
third node N3, and a second electrode of the first transistor
ST1 is electrically connected to the first node N1. When the
first transistor ST1 is turned on by a scan signal of the ath
scan line Sa, the driving transistor DT is diode-connected.
[0057] A gate electrode of the second transistor ST2 is
electrically connected to the ath scan line Sa, a first electrode
of the second transistor ST2 is electrically connected to a bth
data line Db, and a second electrode of the second transistor
ST2 is electrically connected to the second node N2. When
the second transistor ST2 is turned on by the scan signal of
the ath scan line Sa, a voltage level of the second node N2
corresponds to a voltage level of the data line Db.

[0058] A gate electrode of the third transistor ST3 is
electrically connected to an (a-1)th scan line Sa-1, a first
electrode of the third transistor ST3 is electrically connected
to the first node N1, and an initializing voltage Vini is
supplied to a second electrode of the third transistor ST3.
When a scan signal is supplied to the (a-1)th scan line Sa-1,
the initializing voltage Vini is supplied to the first node N1.
[0059] A gate electrode of the fourth transistor ST4 is
electrically connected to the (a-1)th scan line Sa-1, the
initializing voltage Vini is supplied to a first electrode of the
fourth transistor ST4, and a second electrode of the fourth
transistor ST4 is electrically connected to an anode electrode
of the OLED OLED(a,b). When the scan signal is supplied
to the (a-1)th scan line Sa-1, the initializing voltage Vini is
supplied to the anode electrode of the OLED OLED(a,b).
[0060] A gate electrode of the fifth transistor ST5 is
electrically connected to an ath emission line Ea, a first
voltage Vdd is supplied to a first electrode of the fifth
transistor ST5, and a second electrode of the fifth transistor
STS5 is electrically connected to the second node N2. When
an emission signal is supplied to the ath emission line Ea, the
first voltage Vdd is supplied to the second node N2.
[0061] A gate electrode of the sixth transistor ST6 is
electrically connected to the ath emission line Ea, a first
electrode of the sixth transistor ST6 is electrically connected
to the third node N 3, and a second electrode of the sixth
transistor ST6 is electrically connected to the anode elec-
trode of the OLED OLED(a,b). The fifth and sixth transis-
tors STS and ST6 are turned on by the emission signal of the
ath emission line Ea, so that the drain-source current Ids of
the driving transistor DT is supplied to the OLED OLED
(a,b) as its driving current.
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[0062] One end of the capacitor C is electrically connected
to the first node N1, the first voltage Vdd is supplied to the
other end of the capacitor C, and the capacitor C maintains
a voltage level of the first node N1.

[0063] The OLED OLED(a,b) emits light when a current
is received. The OLED OLED(a,b) may be modeled by
using an ideal OLED and ideal capacitance COLED. A
current level of the current supplied to the OLED OLED(a,
b) corresponds to the current level of the drain-source
current Ids of the driving transistor DT. The current level of
the drain-source current Ids of the driving transistor DT may
be defined by Equation 1.

Li=k( Vs Vrh)z

[0064] In Equation 1, k is a proportional coefficient deter-
mined by a structure and a physical characteristic of the
driving transistor DT, V refers to the gate-source voltage of
the driving transistor DT, and V,, refers to the threshold
voltage of the driving transistor DT.

[0065] FIG. 3 is a graph illustrating part of a method of
driving the organic light emitting display device of FIG. 1
based on maximum brightness. Referring to FIG. 3, when
the maximum brightness is higher than the second reference
maximum brightness Imaxref2, it may be determined that
the maximum brightness falls within a first region. When the
maximum brightness is higher than the first reference maxi-
mum brightness Imaxrefl but lower than the second refer-
ence maximum brightness Imaxref2, it may be determined
that the maximum brightness falls within a second region.
When the maximum brightness is lower than the first
reference maximum brightness Imaxrefl, it may be deter-
mined that the maximum brightness falls within a third
region. When the maximum brightness lies in the first
region, the maximum brightness is input to the maximum
brightness look-up table 231 as is. The timing controller 220
outputs the image signals RGB as is, and generates an
emission control timing control signal ECS that does not
include information on the non-emission period. The maxi-
mum brightness signal MI is output as is. When the maxi-
mum brightness lies in the second region or the third region,
the maximum brightness is converted by the timing control-
ler 220. When the maximum brightness lies in the second
region, the timing controller 220 may generate an emission
control timing control signal ECS that includes information
on the non-emission period, and may output the image
signals RGB as they are. When the maximum brightness lies
in the third region, the timing controller 220 may convert the
image signals RGB into the converted image signals RGB.
In the embodiment, when the maximum brightness lies in
the third region, the timing controller 220 may generate an
emission control timing control signal ECS that either does
or does not include information on the non-emission period.
[0066] FIG. 4 isa view of a method of pixels emitting light
components when the maximum brightness of the organic
light emitting display device of FIG. 1 is included in a
second region.

[0067] Referring to FIG. 4, a vertical synchronizing signal
Vsyne is supplied once in a single frame 1 Frame. During
this 1 Frame, an emission control signal Esa is supplied to
the ath emission control line Ea when the emission control
timing control signal ECS includes information on the
non-emission period. Conversely, emission control signal
Esa' supplied to the emission control line Ea when the
emission control timing control signal ECS does not include

[EQUATION 1]
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information on the non-emission period. A length of the one
frame 1 Frame may be determined by a driving frequency of
the display panel 100. For example, when the driving
frequency is 60 Hz, 1 Frame may be 16.66 milliseconds
long.

[0068] The emission control signal Esa is at a high level in
a non-emission period Toff of 1 Frame, and is at a low level
in an emission period Ton of 1 Frame. In the non-emission
period Toff, since the emission control signal Fsa is at the
high level, the fifth transistor STS and the sixth transistor
ST6 are turned off. Since a current does not flow to the
OLED OLED(a,b), the pixel P(a,b) does not emit light. In
the emission period Ton, since the emission control signal
Esa is at the low level, the fifth transistor ST5 and the sixth
transistor ST6 are turned on. Since the current may flow to
the OLED OLED(a,b), the pixel P(a,b) may emit light. A
length of the non-emission period Toff may be determined
by the timing controller 220 in the range of 2% to 20% of
the one frame 1 Frame.

[0069] The emission control signal Esa' is at a low level
during most of 1 Frame and is at a high level only in a very
short period. The period in which the emission control signal
Esa' is at the high level is very short and may be disregarded
for the purposes herein.

[0070] When the maximum brightness determined by the
maximum brightness signal MI falls within the second
region, the emission control timing control signal ECS
includes information on the non-emission period, and the
maximum brightness is converted. At this time, the con-
verted maximum brightness is defined by the following
equation.

woff [EQUATION 2]
Ir/nax = Imaxx(l + W)

1
max

[0071] Here, I,,,, refers to the maximum brightness, I
refers to the converted maximum brightuess, toff refers to
the length of the non-emission period, and ton refers to the
length of the emission period.

[0072] For example, when ton:toff=0.8:0.2, the converted
maximum brightness 1, ' is 1.25 times the maximum
brightness 1,,,.. Average brightness in one frame is 1.
when light is emitted in the one frame 1 Frame with the
maximum brightness 1, .. Average brightness in one frame
is also I, .., when light is emitted during 80% of (0.8 times)
1 Frame (0.8 Frame) with the converted maximum bright-
ness 1.25 1 . Therefore, although the maximum brightness
is converted by the equation 2, the average brightness of the
pixels is not converted, i.e. unchanged.

[0073] FIG. 5 illustrates emission of light components in
a display when the maximum brightness of the organic light
emitting display device of FIG. 1 falls within the third
region. For convenience of explanation, among the pixels P,
only pixels P(0,0) to P(6,7) will be described.

[0074] FIG. 5Ais a view illustrating a case in which the
maximum brightness I, ,.=150 nit and the image signals
RGB are not converted, so that all the pixels P emit light. It
is assumed that grayscales corresponding to the pixels P(0,0)
to P(6,7) are white ones and are maintained to be the same
in no less than two frames.

[0075] FIG. 5B is a view illustrating values actually dis-
played by the pixels P(0,0) to P(6,7) in a first frame Frame
1 for the image of FIG. 5A. When the driving frequency of
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the organic light emitting display device is 60 Hz, the first
frame Frame 1 is displayed for Yso seconds.

[0076] In the first frame Frame 1, when a+b of the pixel
P(a,b) is an even number, the image signal RGB(a,b) cor-
responding to the pixel P(a,b) is converted so as to corre-
spond to the black grayscale. For example, since a+b is 0
(i.e. an even number) in the pixel P(0,0), an image signal
RGB(0,0) is converted to correspond to the black grayscale.
Since a+b is 1 (i.e. an odd number) in a pixel P(0,1) and a
pixel P(1,0) adjacent to the pixel P(0,0) in a first or second
direction, an image signal RGB(0,1) and an image signal
RGB(1,0) are not converted to correspond to the black
grayscale. The converted maximum brightness 1, is 300
nit, that is, two times the maximum brightness I, .

[0077] FIG. 5C is a view illustrating values actually dis-
played by the pixels P(0,0) to P(6,7) in a second frame
Frame 2 for the image of FIG. 5A. It may be assumed that
the second frame Frame 2 is displayed immediately after the
first frame Frame 1. That is, in order to display the image of
FIG. 5A, two frames Frame 1 and Frame 2 are successively
displayed instead. In the second frame Frame 2, when a+b
of the pixel P(a,b) is an odd number, the image signal
RGB(a,b) corresponding to the pixel P(a,b) is converted so
as to correspond to the black grayscale. For example, since
a+b is 1 is an odd number in the pixel P(0,1) and the pixel
P(1,0), the image signal RGB(0,1) and the image signal
RGB(1,0) are converted to correspond to the black gray-
scale. Since a+b i1s 0 (i.e. an even number) in the pixel
P(0,0), the image signal RGB(0,0) is not converted to
correspond to the black grayscale. The converted maximum
brightness 1,,,." is 300 nit, that is, two times the maximum
brightness I,

[0078] The case in which the maximum brightness 1, is
150 nit in two frames as illustrated in FIG. 5SA will be
compared with the case in which the converted maximum
brightness 1. is 300 nit in two frames as illustrated in
FIGS. 5B and 5C. When the maximum brightness [ __is 150
nit in two frames as illustrated in FIG. 5A, the average
brightness of the pixels in the two frames is 150 nit. When
the each of the pixels P(0,0) to P(6,7) emit light components
only in one frame of two successive frames instead, the
converted maximum brightness I, ' is 300 nit in the two
frames as illustrated in FIGS. 5B and 5C, the brightness in
one period of the first frame Frame 1 and the second frame
Frame 2 is 300 nit and brightness in the other period is 0 nit.
Therefore, the average brightness of the pixels in the two
frames is (30040)/2=150 nit. Thus, a difference between the
case in which the maximum brightness I, . is set as 150 nit
in the two frames as illustrated in FIG. 5A, and the case in
which the pixels P(0,0) to P(6,7) emit light components only
every other frame but the converted maximum brightness
L,.r 18 set to be two times the maximum brightness I, as
illustrated in FIGS. 5B and 5C, is not recognized by viewers.
[0079] In general, the converted maximum brightness is

determined by the following equation.

' [EQUATION 3]

Ir/nax = lpax X (E)

1
max

[0080] Here, I, refers to the maximum brightness, I
refers to the converted maximum brightness, t is a period,
and ton is a length of an emission period of the period t.
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[0081] Specifically, in the embodiment described with
reference to FIG. 5, the period t is two frames and the length
ton of the emission period of t is one frame. Therefore, when
the converted maximum brightness I ' is two times the
maximum brightness 1, although the maximum bright-
ness I, is converted, the average brightness of the pixels
is not converted i.e. remains the same.

[0082] When the image signals RGB are converted into
the converted image signals RGBt and the emission control
timing control signal ECS includes information on the
non-emission period, the maximum brightness 1___is con-
verted by the following equation.

[EQUATION 4]

, toff 4
Drgre = Dnax X (1 + E] X ([on, ]
Here, [

[0083] s 1,0 15 the maximum brightness, [ " is the
converted maximum brightness, toff is a length of a non-
emission period in one frame, ton is a length of an emission
period in one frame, t' refers to a period, and ton' refers to
a length of an emission period of the period t'.

[0084] FIG. 6 is a flowchart illustrating a method of
driving an organic light emitting display device according to
an embodiment of the present invention. In the method of
driving the organic light emitting display device described
with reference to FIG. 6, when the maximum brightness I,
falls within the third region, the emission control timing
control signal ECS does not include the information on the
non-emission period, which will be described with reference
to FIGS. 1 to 6.

[0085] In operation S1100, the timing controller 220
receives the image signals RGB and the various timing
signals described above. Since the operation S1100 is per-
formed by common display devices, detailed description
thereof is not presented here.

[0086] In operation S1200, the timing controller 220
receives the maximum bright signal MI and determines the
maximum brightness [ based on the maximum bright
signal MI. In FIG. 6, the operation S1200 is performed after
the operation S1100. However, the present invention is not
limited thereto. The operation S1100 may be performed after
the operation S1200, or the operation S1100 and the opera-
tion S1200 may be simultaneously performed.

[0087] In operation $1300, the maximum brightness I,
is compared with the second reference maximum brightness
Imaxref2. When the maximum brightness I, is higher than
the second reference maximum brightness Imaxref2, opera-
tion S1400 is performed. When the maximum brightness
1, 18 lower than or equal to the second reference maximum
brightness Imaxref2, operation S1500 is performed instead.
[0088] In operation S1400, since the maximum brightness
1., 1s higher than the second reference maximum bright-
ness Imaxref2, the timing controller 220 does not convert the
image signals RGB, and generates an emission control
timing control signal ECS that does not include information
on the non-emission period.

[0089] In operation S1500, the maximum brightness 1,
is compared with the first reference maximum brightness
Imaxrefl. When the maximum brightness I 1is lower than
the first reference maximum brightness Imaxrefl, operation
S1600 is performed. When the maximum brightness 1, is
greater than or equal to the first reference maximum bright-
ness Imaxrefl, operation S1700 is performed instead.

Jan. 12,2017

[0090] 1In operation S1600, since the maximum brightness
1., 18 lower than the first reference maximum brightness
Imaxrefl, the timing controller 220 converts the image
signals RGB. In the operation S1600, the converted image
signals RGBt are generated. In addition, in this embodiment,
since the maximum brightness I, does not fall within the
second region, the timing controller 220 generates an emis-
sion control timing control signal ECS that does not include
information on the non-emission period.

[0091] In operation S1700, the timing controller 220 gen-
erates an emission control timing control signal ECS that
includes information on the non-emission period.

[0092] In operation S1800, the maximum brightness 1,
is converted. When the maximum brightness 1, falls
within the second region, the converted maximum bright-
ness 1,,,.' is determined based on Equation 2 and, when the
maximum brightness 1 __lies within the third region, the
converted maximum brightness 1, ' is determined based on

Equation 3.

[0093] In operation 1900, the maximum brightness look-
up table 231 is called. The maximum brightness I is input
when the maximum brightness 1, falls within the first
region, and the converted maximum brightness I, is input
when the maximum brightness I, falls within the second
region or the third region. Then, when grayscales corre-
sponding to the image signals RGB are input, the maximum
brightness look-up table 231 outputs data voltage levels

corresponding to the input grayscales.

[0094] In operation S2000, the pixels P emit light com-
ponents. When the maximum brightness I, lies within the
first region, the pixels P emit light components based on the
maximum brightness I, , an emission control timing con-
trol signal ECS that does not include information on the
non-emission period, and the image signals RGB. When the
maximum brightness I __lies within the second region, the
pixels P emit light components based on the converted
maximum brightness I, an emission control timing con-
trol signal ECS including information on the non-emission
period, and the image signals RGB. When the maximum
brightness I lies within the third region, the pixels P emit
light components based on the converted maximum bright-
ness I ', an emission control timing control signal ECS
that does not include information on the non-emission
period, and the converted image signals RGBt.

[0095] FIG. 7 is a flowchart illustrating a method of
driving an organic light emitting display device according to
another embodiment of the present invention. In the method
of driving the organic light emitting display device
described with reference to FIG. 7, when the maxinmum
brightness [, corresponds to the third region, an emission
control timing control signal ECS including information on
the non-emission period is generated, which will be
described with reference to FIGS. 1 to 7.

[0096] Since operations S1100', S1200', S1300', S1400',
S1500', and S1900' are the same as the operations S1100,
S1200, S1300, S1400, S1500, and S1900, detailed descrip-
tion thereof will not be given.

[0097] Inoperation S1600', since the maximum brightness
I,... 1s lower than the first reference maximum brightness
Imaxrefl, the timing controller 220 converts the image
signals RGB. In the operation S1600', the converted image
signals RGBt are generated. After the operation S1600',

operation S1700' is performed.
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[0098] 1In the operation S1700', the timing controller 220
generates emission control timing control signal ECS which
includes information on the non-emission period. When the
maximum brightness I, is lower than the second reference
maximum brightness Imaxref2, the timing controller 220
generates an emission control timing control signal ECS that
does not include information on the non-emission period.
That is, when the maximum brightness I, falls within the
second region or the third region, the timing controller 220
generates a emission control timing control signal ECS that
includes information on the non-emission period.

[0099] In operation S1800', the maximum brightness I,
is converted. When the maximum brightness I, lies within
the second region, the converted maximum brightness [,,,.'
is determined based on Equation 2 and, when the maximum
brightness 1, lies within the third region, the converted
maximum brightness I,,,,." is determined based on Equation
4.

[0100] In operation S2000', the pixels P emit light com-
ponents. When the maximum brightness I, falls within the
first region, the pixels P emit light components based on the
maximum brightness I,,,,., an emission control timing con-
trol signal ECS that does not include information on the
non-emission period, and the image signals RGB. When the
maximum brightness I, falls within the second region, the
pixels P emit light components based on the converted
maximum brightness I, ', an emission control timing con-
trol signal ECS including information on the non-emission
period, and the image signals RGB. When the maximum
brightness I, falls within the third region, the pixels P emit
light components based on the converted maximum bright-
ness 1., an emission control timing control signal ECS
including information on the non-emission period, and the
converted image signals RGBt.

[0101] FIG. 8is a view illustrating processes of converting
image signals, in the method of driving an organic light
emitting display device of FIG. 6.

[0102] In operation S1610, pixel information required to
be changed is generated based on positions of the pixels in
the display panel. For example, when a+b of the pixel P(a,b)
is an even number in the first frame Frame 1, the pixel P(a,b)
is included in the pixel information to be changed.

[0103] Inoperation S1620, image signals corresponding to
the pixel information that is to be changed are converted to
correspond to the black grayscale. For example, the image
signal RGB(a,b) corresponding to the pixel P(a,b) in which
a+b is an even number is converted to correspond to the
black grayscale in the first frame Frame 1. The result of
operation S1620 is the converted image signals RGBt.
[0104] FIG.9isa view illustrating processes of generating
an emission control timing control signal including infor-
mation on a non-emission period, in the method of driving
an organic light emitting display device of FIG. 6.

[0105] In operation S1710, the length of the non-emission
period toff'is determined. The non-emission period toff may
be determined based on the maximum brightness I, .
According to Equation 2, when the converted maximum
brightness I, is required to be 1.25 times the maximum
brightness I, . (I,,,..'=1.251 ), Ton:Toff has to be 0.8:0.2.
Therefore, Toff is 20% of a frame period.

[0106] In operation S1720, the timing controller 220 gen-
erates the emission control timing control signal ECS based
on the determined length of the non-emission period toff. A
length of the non-emission period Toff can correspond to a
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length of high level period of the emission control timing
control signal ECS. If Toff is 20% of a frame period, the
timing controller 220 can transmit an emission control
timing control signal ECS having high level period of which
length is 20% of a frame period.
[0107] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.
Various features of the above described and other embodi-
ments can be mixed and matched in any manner, to produce
further embodiments consistent with the invention.
What is claimed is:
1. An organic light emitting display device comprising:
a display panel including pixels; and
a display panel driver configured to drive the display
panel,
wherein the display panel driver is arranged to receive a
maximum brightness signal,
wherein, when a maximum brightness corresponding to
the maximum brightness signal is lower than a first
reference maximum brightness for a frame, the display
panel driver is programmed to direct less than all of the
pixels to emit light components during a frame period
of the frame,
wherein, when the maximum brightness is higher than the
first reference maximum brightness and is lower than a
second reference maximum brightness, the display
panel driver is programmed to direct all of the pixels to
emit light components during only part of the frame
period, and
wherein the second reference maximum brightness is
higher than the first reference maximum brightness.
2. The organic light emitting display device of claim 1,
wherein the display panel driver further comprises a
maximum brightness look-up table configured to out-
put data voltage levels based on input maximum bright-
ness and grayscales,
wherein, when the maximum brightness is higher than the
second reference maximum brightness, the display
panel driver is programmed to input the maxinmum
brightness to the maximum brightness look-up table,
and
wherein, when the maximum brightness is lower than the
second reference maximum brightness, the display
panel driver is programmed to convert the maximum
brightness into a value higher than the second reference
maximum brightness so as to form a converted maxi-
mum brightness, and to input the converted maximum
brightness to the maximum brightness look-up table.
3. The organic light emitting display device of claim 2,
wherein the maximum brightness look-up table is included
in the timing controller or the data driver.
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4. The organic light emitting display device of claim 1,

wherein the display panel driver comprises a timing
controller configured to receive image signals, timing
signals, and the maximum brightness signal, and to
supply a scan timing control signal and a data timing
control signal,

wherein the timing controller comprises a whether-to-

convert signal generator configured to generate a

whether-to-convert signal, and an image signal con-

verter configured to receive the whether-to-convert
signal,

wherein, when the maximum brightness is lower than the
first reference maximum brightness, the whether-to-
convert signal generator is further configured to gen-
erate the whether-to-convert signal having a first logic
value, the image signal converter 1s further configured
to convert the image signals, and the timing controller
is further configured to output the converted image
signals, and

wherein, when the maximum brightness is higher than the
first reference maximum brightness, the whether-to-
convert signal generator is further configured to gen-
erate the whether-to-convert signal having a second
logic value different from the first logic value, and the
timing controller is further configured to output the
image signals.

5. The organic light emitting display device of claim 4,

wherein the image signal converter is further configured
to store pixel information corresponding to an image
signal, and

wherein, when the maximum brightness is lower than the
first reference maximum brightness, the image signal
converter is further configured to generate the con-
verted image signals so that some of the converted
image signals correspond to a black grayscale.

6. The organic light emitting display device of claim 5,

wherein, when the maximum brightness is lower than the
first reference maximum brightness, the timing control-
ler is further configured to convert the maximum
brightness to a value higher than the second reference
maximum brightness so as to form a converted maxi-
mum brightness, and

wherein when the image signals are displayed based on
the maximum brightness, an average brightness of the
corresponding pixels is substantially equal to an aver-
age brightness of the corresponding pixels when the
converted image signals are displayed based on the
converted maximum brightness.

7. The organic light emitting display device of claim 4,

wherein the display panel further comprises:

data lines configured to transmit data voltages to the
pixels;

scan lines configured to transmit scan signals to the
pixels; and

emission control lines configured to transmit emission
control signals to the pixels,

wherein the timing controller is configured to supply an
emission control timing control signal, and
wherein the display panel driver further comprises:

a data driver configured to generate the data voltages
based on the image signals or the converted image
signals, and to supply the data voltages to the data
lines based on a timing at which the scan timing
control signal is supplied;
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a scan driver configured to supply the scan signals to
the scan lines based on a timing at which the scan
timing control signal is supplied; and

an emission control driver configured to supply the
emission control signals based on a timing at which
the emission control timing control signal is sup-
plied.

8. The organic light emitting display device of claim 7,

wherein, when the maximum brightness is higher than the

first reference maximum brightness and is lower than
the second reference maximum brightness, the emis-
sion control timing control signal comprises informa-
tion describing a non-emission period, and

wherein, when the maximum brightness is higher than the

second reference maximum brightness, the emission

control timing control signal does not comprise the
information describing the non-emission period.

9. The organic light emitting display device of claim 8,

wherein, when the maximum brightness is higher than the

first reference maximum brightness and is lower than
the second reference maximum brightness, the timing
controller is configured to convert the maximum bright-
ness to a value higher than the second reference maxi-
mum brightness, and

wherein when the image signals are displayed based on

the maximum brightness and an emission control tim-
ing control signal that does not include the information
describing the non-emission period, an average bright-
ness of the corresponding pixels is substantially equal
to an average brightness of the corresponding pixels
when the image signals are displayed based on the
converted maximum brightness and an emission con-
trol timing control signal including the information
describing the non-emission period.

10. The organic light emitting display device of claim 1,
wherein, when the maximum brightness is lower than the
first reference maximum brightness, the pixels do not emit
light components during a portion of the frame period.

11. A method of driving an organic light emitting display
device including a display panel having pixels and a display
panel driver configured to drive the display panel, the
method comprising:

receiving image signals and timing signals;

receiving a maximum brightness signal corresponding to

a maximum brightness;

converting the image signals;

generating an emission control timing control signal

including information on a non-emission period,

calling a look-up table; and

directing the pixels to emit light components,

wherein the converting is conditionally performed when

the maximum brightness is lower than a first reference

maximum brightness,

wherein the generating is conditionally performed when

the maximum brightness is higher than the first refer-

ence maximum brightness and is lower than a second
reference maximum brightness, and

wherein the second reference maximum brightness is

higher than the first reference maximum brightness.

12. The method of claim 11, wherein the generating is
performed after the converting.

13. The method of claim 11, wherein the converting
further comprises generating an emission control timing
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control signal that does not include the information on the
non-emission period is generated.
14. The method of claim 11, further comprising convert-
ing the maximum brightness,
wherein the converting the maximum brightness is per-
formed after the converting the image signals or the
generating an emission control timing control signal,
and is performed before the calling a look-up table.
15. The method of claim 14, wherein the converting the
image signals comprises:
generating pixel information; and
converting image signals corresponding to some of the
pixel information to correspond to a black grayscale.
16. The method of claim 15,
wherein the converting the maximum brightness further
comprises generating a converted maximum bright-
ness, and
wherein a level of the converted maximum brightness is
set so that an average brightness of pixels when the
image signals are displayed based on the maximum
brightness is substantially equal to an average bright-
ness of pixels when converted image signals are dis-
played based on the converted maximum brightness.
17. The method of claim 14, wherein the generating an
emission control timing control signal further comprises:
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determining a length of the non-emission period; and

generating the emission control timing control signal

based on the determined length of the non-emission
period.

18. The method of claim 17,

wherein the converting the maximum brightness further

comprises generating a converted maximum bright-
ness, and

wherein a level of the converted maximum brightness is

set so that an average brightness of pixels when the
image signals are displayed based on the maximum
brightness and the emission control timing control
signal that does not include the information on the
non-emission period is substantially equal to an aver-
age brightness of pixels when the image signals are
displayed based on the converted maximum brightness
and the emission control timing control signal includ-
ing the information on the non-emission period.

19. The method of claim 11, further comprising, when the
maximum brightness is higher than the second reference
maximum brightness, generating an emission control timing
control signal that does not include information on a non-
emission period.
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