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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND DRIVING METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation application of U.S. patent
application Ser. No. 13/886,481 filed on May 3, 2013 which
claims priority under 35 U.S.C. §119(a) to an earlier Korean
Application Serial No. 10-2012-0060061, which was filed in
the Korean Intellectual Property Office on Jun. 4, 2012, the
entire content of which is hereby incorporated by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to an organic light

emitting display device and a driving method thereof, and
more particularly, to the luminance adjustment in an organic
light emitting display device.

[0004] 2. Description of the Related Art

[0005] Among flat panel display devices, an organic light
emitting display device displays an image by using organic
light emitting diodes (OLEDs) in which emissive electrolu-
minescent layer is a film of organic compound which emits
light in response to an electric current using a low power
consumption. The layer of organic semiconductor is situated
between two electrodes and has excellent light emitting effi-
ciency, luminance, and angle of view.

[0006] In general, light emitting display devices are classi-
fiedinto a passive matrix organic light emitting display device
(PMOLED) and an active matrix organic light emitting dis-
play device (AMODED) according to how organic light emit-
ting diodes are driven.

[0007] The passive matrix type corresponds to a method of
forming a positive electrode and a negative electrode such
that they are perpendicular to each other, then selecting and
driving a negative electrode line and a positive electrode line.
The active matrix type corresponds to a driving method in
which a thin film transistor and a capacitor are integrated in
each pixel to maintain a voltage by a capacity of a capacitor.
The passive matrix type (PMOLED) has a simple structure
and is inexpensive, but is difficult to realize a large-sized or
high precision panel. On the other hand, the active matrix type
(AMOLED) can realize a large-sized and high precision
panel, but a control method thereof is technically difficult and
expensive. In the aspects of resolution, contrast, and operat-
ing speed, the active matrix organic light emitting display
devices (AMOLEDs) which select and switch on unit pixels
are mainly used.

[0008] Meanwhile, factors for improving display quality of
an organic light emitting display device may include gamma
setting. The gamma setting is a correlation between display
luminance and grayscale data, which is defined according to
a gamma curve. A very accurate gamma setting is necessary
for the organic light emitting display device to maintain a
stable display quality. Gamma setting errors are occasionally
generated by various factors such as dispersion of compo-
nents, a cell gap ofa liquid crystal panel, a change in thickness
ofacolor filter, and a driving voltage in an actual organic light
emitting display device. If an error is generated in the gamma
setting, a deviation is generated between the actual display
luminance and the display luminance due to the grayscale
data. In order to minimize the deviation, multi time program-
ming (MTP) which programs a reference gamma voltage in
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real time is performed. A reference gamma voltage is a volt-
age input to a driving circuit which generates a data signal for
determining display luminance. According to the grayscale
data, the driving circuit generates a data signal by using a
reference gamma voltage, and the light emitting elements
emit light in response to the data signal. Thus, if the reference
gamma voltage is changed, the display luminance of the
organic light emitting display device is also changed.

SUMMARY OF THE INVENTION

[0009] An aspect of the present invention is to provide an
organic light emitting display device and a driving method
thereof by which luminance can be enhanced and optical
characteristics such as transmission of light through display
can be improved.

[0010] Another aspect of the present invention is to provide
an organic light emitting display device and a driving method
thereof by which a transverse and longitudinal mura defect or
irregular luminosity variation defects of a panel due to pro-
cess flaws, for example, caused by a lack of driving currents
of the panel can be prevented.

[0011] In accordance with an aspect of the present inven-
tion, a driving method of an organic light emitting display
device includes: classifying a plurality of luminance steps
into at least one low luminance section and a high luminance
section; and setting a reference luminance at a predefined
level during the low luminance section and adjusting an off
duty according to predetermined criteria for each step in the
low luminance section.

[0012] The high ranking luminance section distinguished
from the low luminance section may be also set to a high
luminance section and a middle luminance section, so that a
preset off duty ratio is set in the middle luminance section and
each step in the middle luminance step is adjusted differently.

[0013] In accordance with another aspect of the present
invention, an organic light emitting display device includes: a
display unit having a plurality of pixels are arranged in the
form of a matrix, wherein the pixels have organic light emit-
ting diodes emitting light corresponding to a flow of a driving
current received thereon; and a driving unit which classifies a
plurality of luminance steps into at least a low luminance
section and a high luminance section; and sets a reference
luminance at a predefined level during the low luminance
section, and adjusting an off duty according to predetermined
criteria for each step in the low luminance step.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other aspects, features, and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0015] FIG. 1 is a block diagram showing a structure of a
display device according to an embodiment of the present
invention;

[0016] FIG. 2, FIG. 3A and FIG. 3B are views for explain-
ing a smart dimming method of driving methods of the dis-
play device according to the embodiment of the present
invention;

[0017] FIG. 4, FIG.5and FIG. 6 are views for explaining an
AID driving method of driving methods of the display device
according to the embodiment of the present invention;
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[0018] FIG. 7A, FIG. 7B and FIG. 8 are views showing an
entire driving method of the display device according to the
embodiment of the present invention; and

[0019] FIG.9 is a graph depicting optical characteristics of
the driving method of the display device according to the
embodiment of the present invention.

DETAILED DESCRIPTION

[0020] Hereinafter, various embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. In the following description, spe-
cific items such as detailed elements are illustrated, but it is
obvious to those skilled in the art that such items are provided
only to help with a more general understanding of the present
invention and may be modified and changed without depart-
ing from the scope of the present invention.

[0021] FIG. 1is a block diagram showing a structure of a
display device according to an embodiment of the present
invention.

[0022] As shown, display device 1 according to the
embodiment of the present invention includes a display unit
10 including a plurality of pixels, a scan driving unit 20 for
transmitting a plurality of scan signals to the display unit 10,
a data driving unit 30 for transmitting a plurality of data
signals to the display unit 10, a light emission control driving
unit 40 for transmitting a plurality of light emission control
signals to the display unit 10, a power supply unit 60 for
supplying driving power to the display unit 10, and a signal
controller 50 including the scan driving unit 20, for supplying
a plurality of control signals for controlling signals generated
by the data driving unit 30 and the light emission control
driving unit 40 to be transmitted.

[0023] The display unit 10 is a panel where a plurality of
pixels are arranged in the form of a matrix, and each of the
pixels 200 includes an organic light emitting diode (not
shown) emitting light corresponding to a flow of a driving
current in response to a data signal transmitted from the data
driving unit 30. A plurality of scan lines Gw1 to Gwn formed
in a column direction to transmit scan signals and a plurality
of data lines D1 to Dm formed in a row direction to transmit
data signals are arranged in the plurality of pixels included in
the display unit 10. A plurality of light emission control lines
EM1 to EMn formed in a column direction to transmit light
emission control signals are further arranged in the plurality
of pixels.

[0024] That is, a pixel PXjk 200 located in a j-th pixel
column and a k-th pixel column of the plurality of pixels is
connected to one scan line Gwj, one data line Dk, and one
light emission control line EMj corresponding thereto. How-
ever, this is merely an illustrative embodiment, and the
present invention is not necessarily limited to the above con-
figuration and structure and may be variously modified.
[0025] The pixels 200 supply a current to organic light
emitting diodes in response to a corresponding data signal,
and the organic light emitting diodes emit light of a predeter-
mined luminance in response to the supplied current. A first
power voltage ELVDD and a second power voltage ELVSS
necessary for an operation of the display unit 10 are transmit-
ted from the power supply unit 60.

[0026] The scan driving unit 20 is a unit for applying a
plurality of scan signals to the display unit 10, and is con-
nected to the plurality of scan lines Gw1 to Gwn to transmit
the plurality of scan signals to corresponding scan lines of the
plurality of scanlines. The scan driving unit 20 generates scan
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signals to the scan lines connected to the plurality of pixel
columns included in the display unit 10, respectively, accord-
ing to a scan drive control signal CONT2 supplied from the
signal controller 50 to transmit the scan signals.

[0027] Thedatadriving unit 30 generates a plurality of data
signals from image data signals DR, DG, and DB transmitted
from the signal control unit 50, and transmits the plurality of
data signals to the plurality of data lines D1 to Dm connected
to the display unit 10. The driving of the data driving unit 30
is operated by a data drive control signal CONT3 supplied
from the signal control unit 50. As will be described later, the
data driving unit 30 additionally performs a luminance adjust-
ing operation according to predetermined criteria in accor-
dance with the teachings of the present invention.

[0028] The light emission control driving unit 40 generates
a plurality of light emission control signals and transmits the
plurality of light emission control signals to the plurality of
light emission control lines EM1 to EMn connected to the
display unit 10 in response to a light emission control driving
unit control signal CONT1 supplied from the single control-
ler 50. As will be described later, the light emission control
driving unit 40 additionally performs an operation for adjust-
ing a luminance according to the teachings of the present
invention.

[0029] Inanalternate embodiment, the scan driving unit 20,
the data driving unit 30, and the light emission control driving
unit 40 may be implemented by one drive unit, for example,
an AMOLED driver IC (DDI) in hardware.

[0030] The plurality of pixels included in the display unit
10 receives a corresponding light emission control signal, and
accordingly, enables the organic light emitting diodes emit
light with data voltages corresponding to the data signals to
display the emission of light.

[0031] Referring to FIG. 2, the display device having the
above-described configuration performs a luminance (bright-
ness) step implementation algorithm called ‘smart dimming’
to improve the dispersion of optical characteristics (grayscale
linearity, color temperature, and chrominance) for luminance
(brightness) steps, as explained hereinafter. Briefly, in opera-
tion, a low-ranking luminance step is set by using an equation
by a 2.2 gamma graph for luminance for grayscale at a maxi-
mum luminance reference (300 cd/m?). Ther, the luminance
(brightness) step is classified and set in units of about 10
cd/m?,

[0032] More specifically, in the smart dimming method,
first, 300 cd/m* gamma register values suitable for central cell
gamma characteristics are changed to 300 cd/m> gamma-
compensated MTP register values for cells. Then, a lookup
table representing a correlation between luminance for gray-
scale and RGB voltages at 300 cd/m? is created. Thereafter, in
the in-use environment, for example, when a change (adjust-
ment) of brightness to 100 cd/m? is requested, an RGB volt-
age value is changed to an RGB register value at 100 cd/m> by
searching for an RGB voltage value according to a luminance
for grayscale at 100 cd/m? from the look up table thus making
it possible to apply a gamma calculated at 100 cd/m? corre-
sponding to the RGB register value. Briefly, the smart dim-
ming method according to the present invention provides
calculating a luminance with anideal value ofa preset gamma
reference due to the characteristics of an AMOLED driver IC
(DDI), then the gamma reference is adjusted while the off
duty is also altered during two specific period which in turn
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provides and maintains a stable display quality, as shown in
FIG. 3. A detailed explanation of this process is explained
later with reference to FIG. 7.

[0033] In a description of a voltage/luminance calculation
method in the smart dimming, as shown in FIGS. 3A and 3B,
a voltage for a given luminance in a table calculated in
advance by using a voltage location formula with respect to
255 grayscale points based on RGB (8/8/8 bits) is obtained.
[0034] To aid in understanding of the invention, FIG. 3A
shows an example of a voltage value corresponding to a
luminance value at an arbitrary specific point. FIG. 3B shows
arelationship of currents for driving voltages of a gate termi-
nal when a pixel driving transistor is, for example, a PMOS
transistor, and it can be seen that a pixel current is reduced
when a low luminance is realized.

[0035] However, although the smart dimming method
according to the teachings of the present invention has the
optical characteristics of a 300 cd/m* luminance step, a mure
defect may be generated by a deviation of a pixel current due
to a low current for pixel driving at a low luminance/low
grayscale, and a dispersion of the optical characteristics, such
as color difference (MPCD: Minimum Perceptual Color Dif-
ference), color temperature, and grayscale linearity, may
increase. Due to the problem associated with the increased
dispersion of the optical characteristics at a low luminance, a
expressible minimum luminance should be limited to 40
cd/m?. If the minimum luminance set to lower than 40 cd/m?,
the optical characteristics deteriorates.

[0036] In order to overcome the above problem, a measure
of applying a so called AMOLED impulsive driving (AID)
function to apply the current differently during two specific
dimming sections for luminance steps in accordance with the
present invention. That is, an optimum brightness is realized
by classifying or dividing dimming sections into three sec-
tions of high luminance/middle luminance/low luminance.
[0037] More particularly, as shown in FIGS. 4 to 7, the AID
dimming according to the present invention is adapted to
increase an amount of currents in a unit pixel in a light
emitting section and address a mure by applying a higher
amount of currents during certain sections (i.e., AID fixing
section and AID diming section) and adjusting the duty ratio
according to predefined criteria during these two period of
sections. FIG. 5 shows a ‘normal driving mode’ which corre-
spond to the ‘smart dimming section’ in FIG. 7A. Note that
the luminance step column in FIG. 7A illustrates the conven-
tional method, whereas the referenced luminance column and
the duty ratio column illustrate different current voltage and
off duty ratio applied at the AID fixing section and the AID
dimming section according to the teachings of the present
invention. As shown in FIG. 5 and FIG. 6, during the AID
driving mode, the off duty is turned on and off according to
the specified ratio. For example, during the AID fixing sec-
tion, the reference luminance is set 273 cd/m? when the con-
ventional method is set at 180 cd/m>, but introduces off duty
at 40% in accordance with the present invention to yield an
equivalent 180 cd/m” step as in the conventional method.
[0038] That is, it can be seen from the drawings that can be
seen from the drawings that the inventive method does not set
luminance to correspond to luminance (brightness) during a
preset middle luminance section as in the conventional art,
but sets the off duty ratio at a specific ratio while increasing
the current amount to yield an optimal reference luminance.
For example, when luminance (brightness) steps correspond
to 180 cd/m?, 170 cd/m?, 160 cd/m?, . . ., 120 cd/m? in the
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middle luminance section, the reference luminance in the
luminance (brightness) steps may be set to a luminance
(brightness) step of 273 cd/m?, 258 cd/m?, 244 cd/im?, 229
cd/m?. .., 186 cd/m?, the off duties are set, for example.
[0039] Further, it can be seen from the drawings that the
inventive method does not set luminance to correspond to
luminance (brightness) during a preset low luminance sec-
tion, but sets the off duty ratio variably in order to increase the
current amount to correspond to an optimal reference lumi-
nance, so that the optical characteristics are not lowered. For
example, when luminance (brightness) steps correspond to
100 cd/m?, 90 cd/m?, 80 cd/m?, 20 cd/m® in the low lumi-
nance section, the reference luminance in the luminance
(brightness) steps may be set to a luminance (brightness) step
of 110 cd/m®. In addition, off duties are set, for example, to
11.1%, 20.0%, 30.9%, . . ., 84.0% in the luminance (bright-
ness) steps of 100 cd/m?, 90 cd/m?, . . ., 20 cd/m® so that
proper luminance is shown in the corresponding luminance
(brightness) steps. Note that the duty ratio applied during the
low luminance section is obtained from an experimentation to
yield an optical characteristics.

[0040] In more detail, the AID dimming is applied to a
defect area of a low luminance/low grayscale by classifying
three different luminance (brightness) steps in which the
smart dimming is applied to the high luminance region as in
the conventional method. For example, as shown in detail in
FIG. 6, since a sum of “relative current 1 & off duty 0%” for
one frame in the smart dimming section corresponds to a sum
of “relative current 1.4 & off duty 40%”, the increased current
and off duty in the AID fixing section.

[0041] Meanwhile, since the AID dimming driving during
the fixing and dimming sections uses a principle of increasing
currents of pixels and varying currents of pixels by adjusting
a duty ratio with reference to a specific luminance (bright-
ness), power consumption may be increased if the same AID
driving principle is applied in the high luminance region.
Thus, the conventional smart dimming is applied in a high
luminance region in the same way, and the AID driving
according to the teachings of the present invention is only
applied in a middle luminance/low luminance region.

[0042] Referringto FIGS.7A and 7B, in the embodiment of
the present invention, the sections are classified into a smart
dimming section which is a high luminance section relative to
a maximum luminance of 300 ¢d/m?, a middle luminance
section, for example, an AID fixing section in which an
AMOLED off ratio (AOR) is fixed to 40%, and an AID
dimming applied section which is a low luminance section in
which the AMOLED offratio (AOR) is set variably as shown
in FIG. 7A.

[0043] The smart dimming section is a section in which the
luminance (brightness) step corresponds to 300 cd/m? to 190
ed/m? and for example, the luminance brightness step is
classified in units of 10 cd/m® so that the smart dimming
driving can be performed at a reference luminance corre-
sponding to the corresponding luminance brightness step.
[0044] The AID fixing section in which the AOR 1is fixed to
40% is, for example, a section corresponding to a section in
which the luminance step (brightness) step corresponds to
180 to 110 cd/m?, and the luminance brightness steps are
classified in units of 10 cd/m> However, since the AOR is
fixed to 40%, the reference luminance is set to 273 cd/m?, for
example, when the luminance (brightness) step corresponds
to 180cd/m?. That is, a reference luminance value for creating
180 cd/m? should be set to 287 cd/m? in a 40% off duty state,
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and may be calculated by an equation of y=1.4477381x+11.
64604762 as shown in FIG. 8. Here, ‘x” is a specific lumi-
nance (brightness) step and ‘y’ is a luminance (brightness)
step in a 40% off duty state corresponding to x.

[0045] The AID dimming applied section is a section in
which, for example, a luminance (brightness) step corre-
sponds to 100 cd/m? to 20 cd/m?, and the luminance bright-
ness steps may be classified in units of 10 cd/m®. However, in
the luminance (brightness) steps, all the reference luminances
are set, for example, to 110 cd/m?, and then off duty ratios of
the luminance (brightness) steps are adjusted to be higher in
low ranking steps.

[0046] Luminance sections may be applied as described
above, since the AOR 40% fixing section which is a middle
luminance section is realized with reference to a luminance
(brightness) step having high pixel currents which is a char-
acteristic of the AID driving, for example, the luminance
(brightness) step of 180 cd/m? is realized with reference to the
luminance of 287 cd/m? in which case flickering may be
caused by a time delay by which the luminance is reversed
and then returns to the original luminance due to the AID
driving.

[0047] Further, as shown in FIG. 7A, in the exemplary
embodiments of the present invention, when the smart dim-
ming section is changed to the AID fixing section, for
example at 190 180 cd/m?, the luminance (brightness) step at
aborder between this transition may be further classified into
a plurality of divided luminance (brightness) steps, and so
that a section in which a proper reference luminance is set by
increasing the off duty ratio from a high ranking step to a low
ranking step, for example, from 0% to 40% in the divided
steps.

[0048] In the present invention, by using the above-de-
scribed method, although the AID dimming applied section
which is a low luminance section is, for example, a section in
which the luminance (brightness) step corresponds to 100 to
20 cd/m? the optical characteristics of 110 cd/m* can be
maintained through variable off duty ratio applied during the
low luminance section. In this case, available minimum lumi-
nance may be set to 20 cd/m? or lower than 40 cd/m2.
[0049] When the AID dimming method according to the
present invention is applied, a mura such as a mure can be
improved and the optical characteristics can be improved as
compared with the case of using only the smart dimming. Tt
can be seen from FIG. 9 that the low luminance mure defect
is improved by about 5% and the optical characteristics can be
improved in the aspects of dispersion MPCD, color tempera-
ture, and grayscale linearity.

[0050] As described above, the organic light emitting dis-
play device and the driving method thereof according to the
present invention can improve luminance and optical charac-
teristics, and in particular, even in the case of low luminance/
low grayscale driving, a transverse and longitudinal mura
detect of a panel due to a lack of a driving current of the panel
can be prevented.

[0051] The configuration and operation according to the
embodiment of the present invention can be achieved as
described above, and although a detailed embodiment has
been described in the description of the present invention,
various modifications can be made without departing from
the scope of the present invention.

[0052] For example, although it has been described that the
sections are classified into three sections of high luminance,
middle luminance, and low luminance sections, only the low
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luminance section can be set to the AID dimming section and
the smart dimming can be applied to the remaining sections.
[0053] Further, although it has been described that the AOR
1s fixed to 40% in the middle luminance section, the AOR can
be fixed to another ratio such as 30% when being realized. Of
course, in this case, the relative current can be properly set, for
example, not to 1.4 times but to 1.3 times.

[0054] In addition, although it has been proposed in the
above description that the luminance (brightness) steps are
classified into three sections of high luminance, middle lumi-
nance, and low luminance sections, it is a simple example and
other luminance (brightness) steps can be properly selected in
another embodiment.

[0055] In this way, the present invention can be variously
modified and changed, and thus the scope of the present
invention shall be determined not by the above-described
embodiment but by the claims and their equivalents.

[0056] The above-described methods according to the
present invention can be implemented in hardware, firmware
or via the execution of software or computer code that can be
stored in a recording medium such as a CD ROM, anRAM, a
floppy disk, a hard disk, or a magneto-optical disk or com-
puter code downloaded over a network originally stored on a
remote recording medium or a non-transitorv machine read-
able medium and to be stored on a local recording medium, so
that the methods described herein can be rendered in such
software that is stored on the recording medium using a
general purpose computer, or a special processor or in pro-
grammable or dedicated hardware, such as an ASIC or FPGA.
As would be understood in the art, the computer, the proces-
sor, microprocessor controller or the programmable hardware
include memory components, e.g., RAM, ROM, Flash, etc.
that may store or receive software or computer code that when
accessed and executed by the computer, processor or hard-
ware implement the processing methods described herein. In
addition, it would be recognized that when a general purpose
computer accesses code for implementing the processing
shown herein, the execution of the code transforms the gen-
eral purpose computer into a special purpose computer for
executing the processing shown herein.

[0057] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the appended claims.

What is claimed is:
1. An organic light emitting display device including a
range of brightness of the display device divided into at least
a high brightness section and a low brightness section, each
section has a plurality of brightness steps and receiving a user
request for adjusting of the brightness of the display device,
comprising:
adisplay unithaving a plurality of pixels are arranged in the
form of a matrix, wherein the pixels have organic light
emitting diodes emitting light corresponding to a flow of
a driving current received thereon; and

a driving unit which sets at least one of an off duty and a
reference luminance and drives the display unit accord-
ing to the user request for adjusting of the brightness of
the display device,

wherein the driving unit maintains a same reference lumi-

nance and adjusts preset amount of off duty when the
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brightness of the display device is adjusted in the low
brightness section according to the user request, and

the driving unit maintains a same off duty and adjusts
preset amount of reference luminance when the bright-
ness of the display device is adjusted in the high bright-
ness section according to the user request.

# % % k&
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