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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS AND DRIVING METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of the
Korean Patent Application No. 10-2015-0093839 filed on
Jun. 30, 2015, which is hereby incorporated by reference as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] Technical Field

[0003] The present disclosure relates to an organic light
emitting display apparatus and driving method thereof, and
more particularly, to an organic light emitting display appa-
ratus and driving method thereof which are capable of
compensating a deteriorated image quality caused by leak-
age current between sub-pixels in which the amount of
leakage current varies according to its temperature.

[0004] Discussion of the Related Art

[0005] As the information age has heightened, display
apparatuses for visualizing digital image signals have been
rapidly developed. In this regard, research has been con-
tinuously conducted on various display apparatuses to
develop thin, light weight and low power consumption
display apparatuses. Typical examples of such display appa-
ratuses include a plasma display panel (PDP), a field emis-
sion display (FED), an electro-wetting display (EWD), a
liquid crystal display (LCD) and an organic light emitting
display device (OLED).

[0006] An organic light emitting display apparatus, which
is a self-luminous display device, does not require a separate
light source such as a liquid crystal display apparatus, and is
therefore made in a light weight and thin form. In addition,
the organic light emitting display apparatus is advantageous
in terms of low power consumption, wide color gamut, fast
response speed, wide viewing angle and infinite contrast
ratio. For these reasons, the organic light emitting display
apparatus has been regarded as the next generation display.
[0007] A pixel area of an organic light emitting display
apparatus comprises a plurality of sub-pixels. Each of the
sub-pixels comprises an organic light emitting diode
(OLED). Each of the organic light emitting diode comprises
an anode, an organic emission layer and a cathode.

[0008] For the sake of convenience in terms of manufac-
turing an organic light emitting diode of each sub-pixel, a
common layer may be formed over the substantial whole
surface by using the open mask technique. For example, at
least one common layer is formed to cover the overall pixel
area by a whole surface deposition method, which is posi-
tioned between an anode and a cathode. Thus, the common
layer may act as a leakage current path to the adjacent
sub-pixels.

[0009] The common layer may be referred as any layer
among various layers positioned between an anode and a
cathode for improving the performance of the organic light
emitting diode. The common layer may be referred as
various layers which are configured to cover the overall area
of the pixel area and not patterned at each of the sub-pixels.
Such common layer may be, for example, an organic layer,
a doping layer and/or a conductive layer. Moreover, such
common layer may be a hole injection layer (HIL), a hole
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transport layer (HTL), an electron blocking layer (EBL)
and/or an emission layer (EML).

[0010] Such common layer may be formed in various
ways, and it is not limited to its material, thickness and/or
shape. Moreover, such common layer may be referred as any
layer positioned between an anode and a cathode and
capable of providing a leakage current path to adjacent
sub-pixels. In particular, the common layer, capable of
allowing the leakage current to flow, may have a conductive
characteristic. In addition, the conductivity or resistivity of
the common layer may vary according to its temperature.
Therefore, the amount of leakage current may vary accord-
ing to temperature.

[0011] The adjacent sub-pixels may be affected by the
unwanted leakage current passed through the common layer.
Thus, the adjacent sub-pixels may be undesirably emitted by
the emitting sub-pixel due to the leakage current. Thus, the
contrast ratio may be reduced by the undesired emission.
Moreover, the color gamut may be reduced by the leakage
current such that the undesired emission provides undesired
color contents at the adjacent sub-pixels. Furthermore, the
white balance may be shifted. Accordingly, the image qual-
ity may be deteriorated.

SUMMARY OF THE INVENTION

[0012] One of the problems of the leakage current is that
it occurs at the common layer of the pixel area of the organic
light emitting display apparatus, which is difficult to sup-
press due to its physical characteristics. In addition, there are
difficulties for manufacturing an organic light emitting dis-
play apparatus without the common layer. Therefore, it is
difficult to fundamentally eliminate the entire leakage cur-
rent phenomenon. In addition, the common layer which is a
path for the leakage current has a variable electrical resis-
tance characteristic according to its temperature.

[0013] The inventor of the present disclosure has recog-
nized that the amount of leakage current depends on the
temperature according to self-heating or ambient tempera-
ture of the organic light emitting display apparatus.

[0014] The inventor of the present disclosure has con-
ducted research and development regarding the leakage
current characteristics according to the change in tempera-
ture of the organic light emitting diode of each sub-pixel of
the organic light emitting display apparatus in order to
improve the deteriorated image quality according to the
change in temperature.

[0015] Accordingly, one of the objects of the present
disclosure is to provide a novel organic light emitting
display apparatus comprising a controller capable of ana-
lyzing the change of the amount of the leakage current
according to temperature and compensating the deteriorated
image quality according to the change in temperature.
Another object of the present disclosure is to provide a novel
organic light emitting display apparatus which addresses or
minimizes the limitations and problems associated with the
organic light emitting display apparatuses of the related art.
[0016] It should be noted that objects of the present
disclosure are not limited to the above-described objects,
and other objects of the present disclosure will be apparent
to those skilled in the art from the following descriptions.

[0017] According to an aspect of the present disclosure,
there 1s provided an organic light emitting display apparatus
comprising: a thermal sensor configured to sense a tempera-
ture, a controller including a first leakage current compen-
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sation unit configured to supply a first compensation signal
to a plurality of sub-pixels based on the sensed temperature
from the thermal sensor and a second leakage current
compensation unit configured to supply a second compen-
sation signal which is different from the first compensation
signal, wherein the controller is configured to compensate an
amount of leakage current of the plurality of sub-pixels
according to the sensed temperature.

[0018] According to the present disclosure, there is an
advantage of compensating the deteriorated image quality
caused by the leakage current according to temperature by
providing a leakage current compensation unit.

[0019] Moreover, according to the present disclosure,
regardless of the layout or the structure of the common layer,
there is an advantage of compensating the deteriorated
image quality caused by the leakage current according to the
change in temperature by applying a leakage current com-
pensation unit.

[0020] It should be noted that the effects of the present
disclosure are not limited to those described above and other
effects of the present disclosure will be apparent to those
skill in the art from the following descriptions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0022] FIG. 1 is a schematic diagram of an organic light
emitting display apparatus according to an exemplary
embodiment of the present disclosure;

[0023] FIG. 2 is a circuit diagram illustrating an “X” area
of FIG. 1,
[0024] FIG. 3 is a graph illustrating the amount of leakage

current characteristic according to the data voltage and the
temperature of the organic light emitting display apparatus
according to an exemplary embodiment of the present
disclosure;

[0025] FIG. 4A to 4C are graphs illustrating deteriorated
image quality according to the amount of leakage current
with temperature between adjacent sub-pixels of the related
art;

[0026] FIG. 5A to 5C are graphs illustrating compensated
image quality according to the amount of leakage current
with temperature between adjacent sub-pixels of the organic
light emitting display apparatus according to an exemplary
embodiment of the present disclosure; and

[0027] FIG. 6A to 6C are graphs illustrating the compen-
sation signal of the organic light emitting display apparatus
according to an exemplary embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0028] Advantages and features of the present disclosure
and methods for accomplishing the same will be more
clearly understood from exemplary embodiments described
below with reference to the accompanying drawings. How-
ever, the present disclosure is not limited to the following
exemplary embodiments but may be implemented in various
different forms. The exemplary embodiments are provided
only to complete disclosure of the present disclosure and to
fully provide a person having ordinary skill in the art to
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which the present disclosure pertains with the category of
the invention, and the present invention will be defined by
the appended claims.

[0029] The shapes, sizes, ratios, angles, numbers, and the
like illustrated in the accompanying drawings for describing
the exemplary embodiments of the present disclosure are
merely examples, and the present disclosure is not limited
thereto. Like reference numerals generally denote like ele-
ments throughout the present disclosure. Further, in the
following description, a detailed explanation of known
related technologies may be omitted to avoid unnecessarily
obscuring the subject matter of the present disclosure. The
terms such as “including”, “having”, and “comprising” used
herein are generally intended to allow other components to
be added unless the terms are used with the term “only”. Any
references to singular may include plural unless expressly
stated otherwise.

[0030] Components are interpreted to include an ordinary
error range or an ordinary tolerance range even if not
expressly stated.

[0031] When the position relation between two parts is
described using the terms such as “on”, “above”, “below”,
and “next”, on or more parts may positioned between the
two parts unless the terms are used with the term “imme-
diately” or “directly”.

[0032] When an element or layer is referred to as being
“on” another element or layer, it may be directly on the other
element or layer, or intervening elements or layers may be
present.

[0033] Although the terms “first”, “second”, and the like
are used for describing various components, these compo-
nents are not confined by these terms. These terms are
merely used for distinguishing one component from the
other components. Therefore, a first component to be men-
tioned below may be a second component in a technical
concept of the present disclosure.

[0034] Throughout the whole description, the same refer-
ence numerals denote the same elenents.

[0035] Since size and thickness of each component illus-
trated in the drawings are represented for convenience in
explanation, the present disclosure is not necessarily limited
to the illustrated size and thickness of each component.
[0036] The features of various embodiments of the present
disclosure can be partially or entirely bonded to or combined
with each other and can be interlocked and operated in
technically various ways as can be fully understood by a
person having ordinary skill in the art, and the embodiments
can be carried out independently of or in association with
each other.

[0037] Various exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0038] FIG. 1 is a schematic diagram of an organic light
emitting display apparatus according to an exemplary
embodiment of the present disclosure. Referring to FIG. 1,
an organic light emitting display apparatus 100 according to
an exemplary embodiment of the present disclosure is
described. All the components of the organic light emitting
display apparatus according to all embodiments of the
present disclosure are operatively coupled and configured.
[0039] The organic light emitting display apparatus 100
according to an exemplary embodiment comprises an
organic light emitting display panel 110, a controller 120, a
thermal sensor 130 configured to sense temperature related
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to a plurality of sub-pixels, a gate driver 140, a first leakage
current compensation unit (or data driver) 142, and a second
leakage current compensation unit (or emission driver) 144.
[0040] The organic light emitting display panel 110 com-
prises a pixel area having a plurality of sub-pixels. A
periphery area is configured adjacent to the pixel area. The
pixel area is configured with a plurality of gate lines S1 to
Sn, a plurality of the first compensation lines D1 to Dm, a
plurality of the second compensation lines E1 to En and a
plurality of sub-pixels for displaying an image. The gate line
Sn may be extended along a first direction of the pixel area.
The first compensation line Dm may be extended along a
second direction of the pixel area, which intersects with the
first direction. The second compensation line En may be
extended along the first direction of the pixel area. But the
present disclosure is not limited thereto.

[0041] The periphery area can be configured to surround
some or all of the pixel area. At the periphery area, various
circuits and lines are arranged to drive the sub-pixels of the
pixel area. The organic light emitting display panel 110 is
configured to be connected to a VDD voltage supply line
VDD and a VSS voltage supply line VSS in order to supply
voltage and current to an organic light emitting diode of the
sub-pixel.

[0042] The controller 120 can be positioned at the periph-
ery area. The controller 120 is configured to control the
organic light emitting display panel 110 to display an image
by receiving digital image signals and various control sig-
nals. For example, the controller 120 controls time intervals
or frequencies of the image signals and the control signals
for displaying the input digital image signals on the organic
light emitting display panel 110. For example, the controller
120 may be a timing controller or a micro-processing unit
MPU. But the present disclosure is not limited thereto and
the controller 120 may be implemented with additional
circuits, which are electrically connected to the organic light
emitting display panel 110. For example, the controller 120
and the organic light emitting display panel 110 may be
connected by a flexible cable, a flexible circuit board, a
pin-connector and/or various components. The controller
120 may be configured to maintain a brightness of the
plurality of sub-pixels under various temperature conditions.
Further, the controller 120 may be configured to minimize an
amount of leakage current passing through the leakage
current path based on temperature dependent leakage current
characteristics of a common layer shared by a plurality of
sub-pixels.

[0043] The controller 120 is configured to determine or
detect the temperature of the organic light emitting display
panel 110 by receiving the thermal information from the
thermal sensor 130, which may be implemented in a variety
of ways, such as using sensors embedded between certain
pixels, employing organic materials capable of emitting
light as well as having characteristics that enable sensing of
temperature, etc.

[0044] The controller 120 is configured to determine a first
compensation signal value on the basis of the sensed thermal
information. The controller 120 controls the first leakage
current compensation unit 142 to output a predetermined
first compensation signal value.

[0045] For example, the first leakage current compensa-
tion unit 142 is configured to output the voltage of the
predetermined first compensation signal by the controller
120.
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[0046] The controller 120 is configured to supply the
second compensation signal to the second leakage current
compensation unit 144 on the basis of the sensed thermal
information.

[0047] For example, the controller 120 controls the first
leakage current compensation unit 142 which supplies the
first compensation signal to the plurality of sub-pixels and
the second leakage current compensation unit 144 which
supplies the second compensation signal. Moreover, the
amount of leakage current of the plurality of sub-pixels can
be compensated on the basis of the sensed temperature. The
term “compensation” preferably means, for example, that
even if the temperature is changed, the amount of leakage
current is controlled to be maintained, thereby the image
quality is maintained.

[0048] In some embodiments, the first leakage current
compensation unit 142 and or the second leakage current
compensation unit 144 may be integrated into the controller
120.

[0049] The thermal sensor 130 may be positioned at the
periphery area. Various different types of thermal sensors
may be applied to the thermal sensor 130. The controller 120
is configured to receive the thermal information of the
organic light emitting display panel 110 from the thermal
sensor 130.

[0050] But the present disclosure is not limited thereto,
and the thermal sensor 130 may be embedded into the
organic light emitting display panel 110. In such case, at
least one sub-pixel may be configured to include a thermal
sensor 130.

[0051] But the present disclosure is not limited thereto,
and the thermal sensor 130 may be embedded into the
controller 120. In such case, for example, the controller 120
may be mounted on a printed circuit board.

[0052] Depending on the location of the thermal sensor
130 of the organic light emitting display apparatus 100
according to an exemplary embodiment of the present
disclosure, the thermal sensor 130 may be adjacent to the
organic light emitting display panel 110 or vice versa. For
example, an insulation layer or an insulation element may be
interposed between the thermal sensor 130 and the organic
light emitting display panel 110. Accordingly, a detection
error may occur when the thermal sensor 130 senses the
temperature of the organic light emitting display panel 110.
[0053] 1Insuch case, the controller 120 may further include
an error correction data to compensate the difference
between the sensed signal of the thermal sensor 130 and the
actual temperature of the organic light emitting display
panel 110. For example, the error correction data may be
stored in a lookup table or in a memory. It is also possible
to apply a compensation algorithm which analyzes the
insulation characteristic between the thermal sensor 130 and
the organic light emitting display panel 110.

[0054] A gate driver 140 is positioned at the periphery
area. The gate driver 140 is configured to receive various
control signals from the controller 120 and scan the gate
lines from S1 to Sn, thereby the compensated data voltage
can be stored at the pixel area of the organic light emitting
display panel 110 supplied through the first compensation
lines D1 to Dm. In other words, the compensated data
voltage is charged at a storage capacitor of each pixel. The
gate driver 140 is connected to the plurality of gate lines S1
to Sn. The gate driver 140 may be configured to be a
gate-driver in panel which is integrated within the panel. The
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gate driver 140 may be configured to be a semiconductor
chip, such as a chip on film (COF) type or a chip on glass
(COG) type. But the present disclosure is not limited thereto.

[0055] The first leakage current compensation unit 142 is
positioned at the periphery area. The first leakage current
compensation unit 142 is configured to receive the image
signal and the first compensation signal from the controller
120, and supply the compensated data voltage based on the
leakage current characteristic according to the temperature
of the pixel area of the organic light emitting display panel
110. The first leakage current compensation unit 142
receives gamma voltages from a gamma voltage generator
and converts a digital image signal into a compensated
analogue data voltage for generating the compensated data
voltage. That is, the first leakage current compensation unit
142 generates the compensated data voltage by using the
gamma voltage.

[0056] The gamma voltage generator generates the
gamma voltage that is supplied to the first leakage current
compensation unit 142. The gamma voltage is the reference
voltage used for converting the digital image signals into the
analogue image signals. The gamma voltage may be referred
to as gamma reference voltages. For example, the gamma
voltage may be configured to generate 256 gray level
voltages to express an image signal with 8-bits gray levels
(8-bit gradations) or the gamma voltage may be configured
to express an image signal with 10-bits gray levels. But the
present disclosure is not limited thereto and the number of
gamma voltage may vary. Furthermore, in some cases, the
gamma voltage generator may not or need not generate
gamma voltages corresponding to all of the gray levels. For
example, the gamma voltage generator only generates 16
gamma voltages and the first leakage current compensation
unit 142 is configured to generate gray level voltages on the
basis of the 16 gamma voltages, such as an interpolation
technique may be implemented. The gamma voltage gen-
erator may be embedded into the controller 120 or embed-
ded into the first leakage current compensation unit 142 or
configured on an additional circuit board. But the present
disclosure is not limited thereto.

[0057] The brightness of the sub-pixel may be adjusted
according to the voltage level and the duty of the compen-
sated data voltage supplied from the first leakage current
compensation unit 142. The compensated data voltage of the
organic light emitting display apparatus 100 according to an
exemplary embodiment of the present disclosure is a com-
pensated image signal with respect to the leakage current
characteristic according to the temperature of the pixel area.

[0058] The second leakage current compensation unit 144
is positioned at the periphery area. The second leakage
current compensation unit 144 receives the second compen-
sation signal from the controller 120 and supplies an emis-
sion duty control signal (the second compensation signal)
based on the leakage current characteristic according to the
temperature of the pixel area of the organic light emitting
display panel 110. The second leakage current compensation
unit 144 may be configured to output a switching signal
based on the duty of the second compensation signal deter-
mined by the controller 120. The emission duty control
signal (the second compensation signal) of the organic light
emitting display apparatus 100 according to an exemplary
embodiment of the present disclosure is a control signal
configured to adjust the emission duty of the sub-pixel with
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respect to the leakage current characteristic according to the
temperature of the pixel area.

[0059] Accordingly, the second compensation signal is a
different type of a signal from the first compensation signal.
The first compensation signal is configured to adjust the
voltage and the second compensation signal is configured to
control the duty. By applying both the first compensation
signals and the second compensation signals, the image
quality can be compensated in the presence of the leakage
current. But the present disclosure is not limited thereto.
[0060] FIG. 2 is an equivalent circuit diagram briefly
illustrating sub-pixels of the pixel area of the organic light
emitting display apparatus according to an exemplary
embodiment of the present disclosure. Referring to FIG. 2,
the organic light emitting display apparatus 100 according to
an exemplary embodiment of the present disclosure is
described.

[0061] A sub-pixel (area “X” in FIG. 1) of the pixel area
of the organic light emitting display apparatus 100 according
to an exemplary embodiments of the present disclosure
comprises an organic light emitting diode OLED, a first
compensation transistor TR, a second compensation tran-
sistor TR, a driving transistor TR ;,, and a storage capacitor
Cor-

[0062] The sub-pixel is configured to be connected to a
gate line Sn, a first compensation line Dm, a second com-
pensation line En, a VDD line VDD, and a VSS line VSS.
[0063] For the convenience of explanation, the red organic
light emitting diode OLED, as illustrated in FIG. 2 will
be described as an example. The first compensation transis-
tor TR, is illustrated as an N-type semiconductor, but the
present disclosure is not limited thereto, and the first com-
pensation transistor TR, can be a P-type semiconductor. The
input electrode of the first compensation transistor TR, is
connected to the first compensation line Dm+1 such that the
compensated data voltage based on the leakage current
characteristic according to the temperature (the first com-
pensation signal) is input from the first leakage current
compensation unit 142. The gate electrode of the first
compensation transistor TR, is connected to the gate line Sn
and is switched by the gate driving signal input from the gate
driver 140. The output electrode of the first compensation
transistor TR, is connected to the gate electrode of the
driving transistor TR, and an electrode of the storage
capacitor Cgp such that the compensated data voltage (the
first compensation signal) is stored at the one electrode of
the storage capacitor Cgy.

[0064] The driving transistor TR, is illustrated as an
N-type semiconductor, but the present disclosure is not
limited thereto, and the driving transistor TR, can be a
P-type semiconductor. The input electrode of the driving
transistor TR, is connected to the VDD line (VDD) for
receiving the VDD voltage. The driving transistor TR,
controls the amount of the current supplied to the organic
light emitting diode OLED on the basis of the potential
difference between the one electrode of the storage capacitor
C, connected to the gate electrode of the driving transistor
TR and the other electrode of the storage capacitor C-
connected to the output electrode of the driving transistor
TR jpx-

[0065] The second compensation transistor TR, is illus-
trated as an N-type semiconductor, but the present disclosure
is not limited thereto, and the second compensation transis-
tor TR, can be a P-type semiconductor. The input electrode



US 2017/0004772 A1l

of the second compensation transistor TR, is connected to
the output electrode of the driving transistor TR, and
receives the current supplied to the red organic light emitting
diode OLEDy, ... The gate electrode of the second compen-
sation transistor TR, is connected to the second compensa-
tion line En, which is switched according to the switching
signal outputted from the second leakage current compen-
sation unit 144, that is, according to the emission duty
control signal (the second compensation signal) based on
leakage current according to the temperature, where the
emission duty control signal is input from the second
leakage current compensation unit 144.

[0066] The anode of the organic light emitting diode
OLED is connected to the output electrode of the second
compensation transistor TR,. The cathode of the organic
light emitting diode OLED is connected to the VSS line. The
emission duty of the organic light emitting diode OLED is
controlled by the emission duty control signal (the second
compensation signal), which is applied to the second com-
pensation transistor TR,.

[0067] Referring to FIG. 2, if a specific amount of current
flows through the red organic light emitting diode OLE-
Dyzp» @ leakage current flows through the common layer.
Thus, a specific amount of leakage current is supplied to the
adjacent green organic light emitting diode OLED ;- and
the adjacent blue organic light emitting diode OLED; ;.
By the leakage current, each of the organic light emitting
diodes OLED 5z and OLED; , - may be emitted, there-
fore, the image quality may be deteriorated.

[0068] The leakage current path from the red organic light
emitting diode OLED .., to the green organic light emitting
diode OLED gz can be expressed as a first variable
resistance R, ;. In this case, the leakage current path may be
at least one common layer.

[0069] The leakage current path from the red organic light
emitting diode OLED, to the blue organic light emitting
diode OLEDy;, - can be expressed as a second variable
resistance R . In this case, the leakage current path may be
at least one common layer.

[0070] FIG. 3 is a graph illustrating the compensated data
voltage (the first compensation signal) and the leakage
current characteristic according to the temperature of the
organic light emitting display apparatus 100 according to an
exemplary embodiment of the present disclosure.

[0071] Referring to FIG. 3, the amount of leakage current
passing through the first variable resistance R, has a
characteristic that increases with increasing data voltage (the
first compensation signal), then is saturated from a specific
data voltage. That is, the saturation region of the data voltage
may be the high gray level (gradation) region of the image
signal. For example, the saturation region may start from the
30th gray level. But the present disclosure is not limited
thereto.

[0072] Moreover, the amount of leakage current has a
characteristic that increases with increasing temperature. For
example, when the temperature is —20° C., the amount of
leakage current is less than that at the room temperature of
25° C. Also, when the temperature is 70° C., the amount of
leakage current is more than that at the room temperature of
25°C.

[0073] For example, when a red organic light emitting
diode OLEDgz,, is intended to display a specific image
signal corresponding to a specific gray level, the controller
120 generates a first compensation signal and a second
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compensation signal, so that leakage current flows to the
adjacent green organic light emitting diode OLED .z and
blue organic light emitting diode OLEDy;, . regardless of
the variable amount of leakage current according to tem-
perature.

[0074] For example, the controller 120 is configured to
determine the voltage level of the first compensation signal
on the basis of the leakage current characteristic based on the
sensed temperature. If the sensed temperature is increased,
the controller 120 is configured to increase the voltage level
of the first compensation signal. Moreover, the controller
120 is configured to determine the duty of the second
compensation signal on the basis of the leakage current
characteristic according to the sensed temperature. If the
sensed temperature is increased, the controller 120 is con-
figured to decrease the duty of the second compensation
signal. As illustrated in FIG. 3, the amount of leakage
current will not be increased from at some point even if the
voltage level of the first compensation signal is increased,
which means that the amount of leakage current will be
saturated. Thus, it is advantageous that the amount of
leakage current can be reduced and the brightness of the
sub-pixel can be maintained by increasing the voltage level
of the first compensation signal and decreasing the duty of
the second compensation signal simultaneously.

[0075] That is, the first compensation signal and the sec-
ond compensation signal can be set according to the leakage
current saturation point according to temperature changes.

[0076] That is, the controller 120 controls the voltage level
of the first compensation signal and the duty ratio of the
second compensation signal to be inversely proportional to
each other. Moreover, the saturation point values can be
stored in a memory or a lookup table with respect to the
leakage characteristics of corresponding common layers that
provide the leakage current paths.

[0077] As an example, if the voltage level of the first
compensation signal is reduced and the duty ratio of the
second compensation signal is reduced, the brightness of the
sub-pixel is reduced. Therefore, even if the amount of
leakage current is reduced, the image quality can be dis-
torted.

[0078] As an example, if the voltage level of the first
compensation signal is increased and the duty ratio of the
second compensation signal is increased, the brightness of
the sub-pixel is increased. Therefore, the amount of leakage
current is not decreased and the leakage current cannot be
compensated.

[0079] FIG. 4A to FIG. 4C are graphs according to a
comparative example for explaining a green organic light
emitting diode OLED 44z and a blue organic light emit-
ting diode OLEDy; ;= which undesirably emit light due to
the leakage current supplied from an adjacent red organic
light emitting diode OLEDy,,, when the red organic light
emitting diode OLED,, is emitting. FIG. 4A corresponds
to the green organic light emitting diode OLED ;g zzn- FIG.
4B corresponds to the red organic light emitting diode
OLED.p. FIG. 4C corresponds to the blue organic light
emitting diode OLEDy; , . The red organic light emitting
diode OLEDy, emits light, since an image signal is sup-
plied. The green organic light emitting diode OLED gz 710
and the blue organic light emitting diode OLEDy; ;- emit
light due to the leakage current supplied from the red organic
light emitting diode OLEDy ., through the common layer.
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[0080] Referring to FIG. 4B, the dot-dash line represents
the visible wavelengths spectrum of the red organic light
emitting diode OLED,,,, with a data voltage of 3V, which
corresponds to the 1007 gray level at temperature of minus
20° C. However, the present disclosure is not limited to any
gray levels and/or any data voltages, and each of the values
used in the present disclosure is only one example for
convenience of description.

[0081] The dot line represents the visible wavelengths
spectrum of the red organic light emitting diode OLED .,
with a data voltage of 3V, which corresponds to the 100”
gray level at temperature of 25° C.

[0082] The solid line represents the visible wavelengths
spectrum of the red organic light emitting diode OLED .,
with a data voltage of 3V, which corresponds to the 100”
gray level at temperature of 70° C.

[0083] As there is no leakage current contribution from the
green or blue OLED, the wavelengths of the red OLED for
the different temperatures are very similar.

[0084] In case of FIG. 4B, the green organic light emitting
diode OLED sz and the blue organic light emitting diode
OLEDy, . are switched off. Consequently, no such leakage
current is supplied from the green organic light emitting
diode OLED - and the blue organic light emitting diode
OLEDg; 1z to the red organic light emitting diode OLE-
Dyzp- Thus, the visible wavelength spectrum of the red
organic light emitting diode OLEDyy, is not changed
according to temperature variation, and the dot-dash line,
dot line and solid line in FIG. 4B are coincident. It should
be noted that the red organic light emitting diode OLED .,
1s selected as an emitting element merely for convenience of
description.

[0085] Referring to FIG. 4A, the dot-dash line represents
the visible wavelengths spectrum of the green organic light
emitting diode OLED x5 adjacent to the red organic light
emitting diode OLED, ., when the red organic light emit-
ting diode OLEDgg,, operates with a data voltage of 3V,
which corresponds to the 100” gray level at temperature of
minus 20° C.

[0086] The dot line represents the visible wavelengths
spectrum of the green organic light emitting diode
OLED g zxn adjacent to the red organic light emitting diode
OLEDgz,, when the red organic light emitting diode OLE-
Dy ep Operates with a data voltage of 3V, which corresponds
to the 100th gray level at temperature of 25° C. The amount
of leakage current is increased as the temperature is
increased when compared to the dot-dash line. Accordingly,
the green organic light emitting diode OLED 5z, emits
light corresponding to the leakage current supplied from the
adjacent red organic light emitting diode OLED ..
[0087] The solid line represents the visible wavelengths
spectrum of the green organic light emitting diode
OLED ; zzn adjacent to the red organic light emitting diode
OLEDgp when the red organic light emitting diode OLE-
Dy ep Operates with a data voltage of 3V, which corresponds
to the 100th gray level at temperature of 70° C. The amount
of leakage current is increased as the temperature is
increased when compared to the dot line. Accordingly, the
green organic light emitting diode OLED ;.. emits light
corresponding to the leakage current supplied from the
adjacent red organic light emitting diode OLED,.,,. It
should be noted that the green organic light emitting diode
OLED rzzy 15 selected as an affected element by the
leakage current merely for convenience of description.
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[0088] Referring to FIG. 4C, the dot-dash line represents
the visible wavelengths spectrum of the blue organic light
emitting diode OLEDy;, .- adjacent to the red organic light
emitting diode OLED,;, when the red organic light emit-
ting diode OLED,,,, operates with a data voltage of 3V,
which corresponds to the 100” gray level at temperature of
minus 20° C.

[0089] The dot line represents the visible wavelengths
spectrum of the blue organic light emitting diode OLED-
sroe adjacent to the red organic light emitting diode OLE-
Dy zp when the red organic light emitting diode OLED .,
operates with a data voltage of 3V, which corresponds to the
100th gray level at temperature of 25° C. The amount of
leakage current is increased as the temperature is increased
compare to the dot-dash line. Accordingly, the blue organic
light emitting diode OLEDy; - emits light corresponding to
the leakage current supplied from the adjacent red organic
light emitting diode OLED, ..

[0090] The solid line represents the visible wavelengths
spectrum of the blue organic light emitting diode OLED-
aroe adjacent to the red organic light emitting diode OLE-
Dz when the red organic light emitting diode OLED .,
operates with a data voltage of 3V, which corresponds to the
100th gray level at temperature of 70° C. The amount of
leakage current is increased as the temperature is increased
compare to the dot line. Accordingly, the blue organic light
emitting diode OLED,; .- emits light corresponding to the
leakage current supplied from the adjacent red organic light
emitting diode OLEDzp,. It should be noted that the blue
organic light emitting diode OLED;; - is selected as an
affected element by the leakage current merely for conve-
nience of description.

[0091] FIG. 5A to FIG. 5C are graphs according to an
exemplary embodiment of the present disclosure explaining
the leakage currents supplied to the adjacent green organic
light emitting diode OLED .- and the adjacent blue
organic light emitting diode OLEDy; ;. from the red organic
light emitting diode OLED,,,, when the red organic light
emitting diode OLEDgy,, is emitting, which are compen-
sated according to temperature.

[0092] To be specific, the organic light emitting display
apparatus 100 according to an exemplary embodiment of the
present disclosure may compensate a variation of leakage
current from one of illuminating organic light emitting diode
OLED to the adjacent organic light emitting diodes OLEDs,
on the basis of temperature variation and the brightness of
the illuminating organic light emitting diode OLED, the
leakage current is substantially maintained regardless of
temperature variation thereby providing a proper image
quality regardless of temperature variation.

[0093] Referring to FI1G. 5B, the dot-dash line represents
the visible wavelengths spectrum of the red organic light
emitting diode OLED,,..,, of the organic light emitting dis-
play apparatus 100 according to an embodiment of the
present disclosure when displaying the 100” gray level at
temperature of minus 20° C. with leakage current variation
compensation. For example, to display 100 gray level with
leakage current variation compensation at temperature of
minus 20° C., a compensated data voltage of 3V and an
emission duty control signal (the second compensation
signal) of 100% emission duty are supplied to the red
organic light emitting diode OLEDg,. According to such
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configuration, the red organic light emitting diode OLE-
Dy ep may have substantially the same wavelength as FIG.
4B.

[0094] The dot line represents the visible wavelengths
spectrum of the red organic light emitting diode OLED, .,
of the organic light emitting display apparatus 100 according
to an embodiment of the present disclosure when displaying
the 100” gray level at temperature of 25° C. with leakage
current variation compensation. For example, to display
100™ gray level with leakage current variation compensation
at temperature of 25° C., a compensated data voltage of 4.5V
and an emission duty control signal (the second compensa-
tion signal) of 50% emission duty are supplied to the red
organic light emitting diode OLEDyz,,. According to such
configuration, the red organic light emitting diode OLE-
Dy rp may have substantially the same wavelength as FIG.
4B.

[0095] The solid line represents the visible wavelengths
spectrum of the red organic light emitting diode OLED, .,
of the organic light emitting display apparatus 100 according
to an embodiment of the present disclosure when displaying
the 100” gray level at temperature of 70° C. with leakage
current variation compensation. For example, to display
100” gray level with leakage current variation compensation
at temperature of 70° C., a compensated data voltage of 6.5V
and an emission duty control signal (the second compensa-
tion signal) of 20% emission duty are supplied to the red
organic light emitting diede OLED,,.,. According to such
configuration, the red organic light emitting diode OLE-
Dyrp may have substantially the same wavelength as FIG.
4B.

[0096] Referring to FIG. 5A and FIG. 5C, the dot-dash
lines represent the visible wavelengths spectrum of the green
organic light emitting diode OLED gz, and the blue
organic light emitting diode OLED; . of the organic light
emitting display apparatus 100 according to an embodiment
of the present disclosure when the adjacent red organic light
emitting diode OLEDy,,, displays the 100” gray level at
temperature of minus 20° C. with leakage current variation
compensation.

[0097] As described above, the compensated data voltage
of 3V and the emission duty control signal (the second
compensation signal) of 100% emission duty are supplied to
the red organic light emitting diode OLEDy ..

[0098] Referring to FIG. 3 again, the amount of leakage
current at lower temperature (minus 20° C.) is relatively less
than that at higher temperature. Accordingly, it can be seen
that even if applying an ordinary 3V data voltage with 100%
emission duty, the amount of leakage currents at the adjacent
green organic light emitting diode OLEDzzzy and the
adjacent blue organic light emitting diode OLEDy; . are
minimized.

[0099] Referring to FIG. 5A and FIG. 5C, the dot lines
represent the visible wavelengths spectrums of the blue
organic light emitting diode OLED,, .- and green organic
light emitting diode OLED ;1.1 adjacent to the red organic
light emitting diode OLEDy ., of the organic light emitting
display apparatus 100 according to an embodiment of the
present disclosure when the red organic light emitting diode
OLED,,,,, displays the 100" gray level at temperature of 25°
C. with leakage current variation compensation.

[0100] The solid lines represent the visible wavelengths
spectrums of the blue organic light emitting diode OLED-
sroe and green organic light emitting diode OLED ;zrzy
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adjacent to the red organic light emitting diode OLEDg, of
the organic light emitting display apparatus 100 according to
an embodiment of the present disclosure when the red
organic light emitting diode OLED,,,, displays the 100”
gray level at temperature of 70° C. with leakage current
variation compensation.

[0101] As described above, a compensated data voltage of
45V and an emission duty control signal (the second
compensation signal) of 50% emission duty are supplied to
the red organic light emitting diode OLED, ;..

[0102] Referring to FIG. 3 again, the amount of leakage
current at room temperature (25° C.) is relatively more than
that at low temperature. Consequently, the amount of leak-
age current of the adjacent blue organic light emitting diode
OLED,, .- and the adjacent green organic light emitting
diode OLED ;g xn can be increased. However, if the emis-
sion duty is decreased to 50%, the amount of leakage current
may be decreased to 50% for an image frame (e.g., duration
of an image frame of 60 Hz is 16.7 ms). As the emission
period is reduced to 50%, the brightness of the red organic
light emitting diode OLED gz, is decreased in correspon-
dence to the emission duty.

[0103] In order to solve the above-described dimmed
brightness problem, the compensated data voltage is applied.
If the peak brightness of the red organic light emitting diode
OLEDgz, 1s increased according to the dimmed emission
duty can substantially achieve the same brightness. For
example, the compensated data voltage can be 4.5V.

[0104] Especially, the leakage current tends to saturate
when the data voltage is increased such that the amount of
the leakage current is not increased any more, regardless of
the increase in the data voltage in the saturation region.
According to the above-described configuration, even if the
temperature is increased, the amount of leakage current may
not be increased. Thus, the image quality can be maintained.

[0105] Therefore, when a compensated data voltage of
4.5V with 50% emission duty is applied, the brightness of
the red organic light emitting diode OLEDg., can be
maintained and the amount of leakage current of the adja-
cent blue organic light emitting diode OLEDg; . and the
adjacent green organic light emitting diode OLED -, can
be decreased.

[0106] Referring to FIG. SA, the solid lines represent the
visible wavelengths spectrums of the green organic light
emitting diode OLED ;. adjacent to the red organic light
emitting diode OLED,,, of the organic light emitting dis-
play apparatus 100 according to an embodiment of the
present disclosure when the red organic light emitting diode
OLEDg,, displays the 100* gray level at temperature of 70°
C. with leakage current variation compensation. The dot line
and the dot-dash line use the same principle as in the case of
the solid line, therefore redundant descriptions regarding the
remaining lines of FIG. SA and FIG. 5C will be omitted (or
will be brief) merely for the sake of the brevity. However,
the emission duty can be further reduced and the data
voltage can be increased for further reducing the amount of
leakage current.

[0107] As described above, a compensated data voltage of
6.5V with 20% emission duty is supplied to the red organic
light emitting diode OLEDyy,,. And to solve the dimmed
brightness problem as described above, the compensated
data voltage is applied. That is, the peak brightness of the red
organic light emitting diode OLED, ., can be increased to
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remedy the dimmed brightness problem as described above.
For example, the compensated data voltage may be 6.5V.

[0108] FIG. 6A represents the waveform of the second
compensation signal when displaying the 100 gray level at
minus 20° C.). FIG. 6B represents the waveform of the
second compensation signal when displaying the 100” gray
level at 25° C.). FIG. 6C represents the waveform of the
second compensation signal when displaying the 100” gray
level at 70° C.). In FIGS. 6 A-6C, the abscissa axis represents
time (ms), the vertical axis represents voltage level. That is,
as the emission duty is decreased, the amount of leakage
current is reduced.

[0109] The controller 120 is configured to control the first
leakage current compensation unit 142 and the second
leakage current compensation unit 144, reducing the devia-
tion of the leakage current due to temperature change, on the
basis of the sensed thermal information to suppress image
quality deterioration.

[0110] The first leakage current compensation unit 142
receives the first compensation signal from the controller
120 for generating a predetermined compensation data volt-
age. The first compensation signal is configured to determine
the level of the data voltage on the basis of the sensed
thermal information. The first compensation signal can be
stored in the controller 120 by analyzing the characteristics
of the leakage current according to the temperature of the
organic light emitting display apparatus 100 during a manu-
facturing process.

[0111] The second leakage current compensation unit 144
is configured to receive the second compensation signal
from the controller 120 to operate with a predetermined
emission duty. The emission duty of the second compensa-
tion signal is determined on the basis of the sensed thermal
information. The second compensation signal can be stored
in the controller 120 by analyzing the characteristics of the
leakage current according to the temperature of the organic
light emitting display apparatus 100 during a manufacturing
process. The first compensation signal and the second com-
pensation signal are in correlation to each other. Thus, the
controller 120 can be configured to control both the first
compensation signal and the second compensation signal.

[0112] The exemplary embodiments of the present disclo-
sure can also be described as follows.

[0113] According to an aspect of the present disclosure, an
organic light emitting display apparatus comprises a thermal
sensor configured to sense temperature and a controller
comprising a first leakage current compensation unit con-
figured to supply a first compensation signal to a plurality of
sub-pixels based on the sensed temperature from the thermal
sensor and a second leakage current compensation unit
configured to supply a second compensation signal which is
different from the first compensation signal, wherein the
controller is configured to compensate an amount of leakage
current of the plurality of sub-pixels according to the sensed
temperature.

[0114] The controller may be configured to determine a
voltage level of the first compensation signal based on a
leakage current characteristic according to the sensed tem-
perature.

[0115] The first leakage current compensation unit may be
configured to output the voltage of the first compensation
signal determined by the controller.
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[0116] If the sensed temperature is increased, the control-
ler may be configured to increase the voltage level of the first
compensation signal.
[0117] The controller may be configured to determine a
duty of the second compensation signal based on a leakage
current characteristic according to the sensed temperature.
[0118] The second leakage current compensation unit may
be configured to output a switching signal based on the duty
of the second compensation signal determined by the con-
troller.
[0119] If the sensed temperature is increased, the control-
ler may be configured to decrease the duty of the second
compensation signal.
[0120] The controller may be configured to control the
voltage level of the first compensation signal and the duty of
the second compensation signal in inverse proportion to
each other.
[0121] The plurality of sub-pixels may further comprise an
organic light emitting diode, a driving transistor, a compen-
sation transistor, a second compensation transistor and a
storage capacitor, the first compensation signal may be input
to the first compensation transistor, and the second compen-
sation signal may be input to the second compensation
transistor.
[0122] The second compensation transistor may be
located between the first compensation transistor and the
organic light emitting diode to control an emission duty of
the organic light emitting diode.
[0123] The first compensation signal and the second com-
pensation signal may be set in consideration of leakage
current saturation point according to the temperature.
[0124] Although the exemplary embodiments of the pres-
ent disclosure have been described in detail with reference
to the accompanying drawings, the present disclosure is not
limited thereto and may be embodied in many different
forms without departing from the technical concept of the
present disclosure. Therefore, the exemplary embodiments
of the present disclosure are provided for illustrative purpose
only but not intended to limit the technical concept of the
present disclosure. The scope of the technical concept of the
present disclosure is not limited thereto. The protective
scope of the present disclosure should be construed based on
the following claims, and all the technical concepts in the
equivalent scope thereof should be construed as falling
within the scope of the present disclosure.

What is claimed is:

1. An organic light emitting display apparatus comprising:

a thermal sensor configured to sense temperature related

to a plurality of sub-pixels; and

a controller including:

a first leakage current compensation unit configured to
supply a first compensation signal to the plurality of
sub-pixels based on the sensed temperature from the
thermal sensor, and

a second leakage current compensation unit configured
to supply a second compensation signal to the plu-
rality of sub-pixels, the second compensation signal
being different from the first compensation signal,

wherein the controller is configured to compensate an

amount of leakage current of the plurality of sub-pixels
according to the sensed temperature.

2. The organic light emitting display apparatus of claim 1,

wherein the controller is configured to determine a voltage



US 2017/0004772 A1l

level of the first compensation signal based on a leakage
current characteristic according to the sensed temperature.

3. The organic light emitting display apparatus of claim 2,
wherein the first leakage current compensation unit is con-
figured to output the voltage of the first compensation signal
determined by the controller.

4. The organic light emitting display apparatus of claim 2,
wherein if the sensed temperature is increased, the controller
is configured to increase the voltage level of the first
compensation signal.

5. The organic light emitting display apparatus of claim 2,
wherein the controller is configured to determine a duty of
the second compensation signal based on a leakage current
characteristic according to the sensed temperature.

6. The organic light emitting display apparatus of claim 5,
wherein the second leakage current compensation unit is
configured to output a switching signal based on the duty of
the second compensation signal determined by the control-
ler.

7. The organic light emitting display apparatus of claim 5,
wherein if the sensed temperature is increased, the controller
is configured to decrease the duty of the second compensa-
tion signal.

8. The organic light emitting display apparatus of claim 6,
wherein the controller is configured to control the voltage
level of the first compensation signal and the duty of the
second compensation signal in inverse proportion to each
other.

9. The organic light emitting display apparatus of claim 1,
wherein the plurality of sub-pixels further comprise an
organic light emitting diode, a driving transistor, a first
compensation transistor, a second compensation transistor
and a storage capacitor,

the first compensation transistor is configured to receive

the first compensation signal, and

the second compensation transistor is configured to

receive the second compensation signal.
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10. The organic light emitting display apparatus of claim
9, wherein the second compensation transistor is located
between the first compensation transistor and the organic
light emitting diode to control an emission duty of the
organic light emitting diode.

11. The organic light emitting display apparatus of claim
1, wherein the first compensation signal and the second
compensation signal are set in consideration of leakage
current saturation point according to the temperature.

12. An organic light emitting display apparatus compris-
ing:

a plurality of sub-pixels sharing a common layer between
an anode and a cathode that acts as a leakage current
path;

a sensor configured to sense temperatures related to the
plurality of sub-pixels;

a data driver configured to supply a first compensation
signal to the plurality of sub-pixels;

an emission driver configured to supply a second com-
pensation signal to the plurality of sub-pixels; and

a controller configured to control the data driver and the
emission driver based on the sensed temperatures.

13. The organic light emitting display apparatus of claim
12, wherein the controller is configured to control a voltage
level of the first compensation signal and a duty ratio of the
second compensation signal based on the sensed tempera-
tures.

14. The organic light emitting display apparatus of claim
13, wherein the controller is configured to maintain a
brightness of the plurality of sub-pixels under various tem-
perature conditions.

15. The organic light emitting display apparatus of claim
14, wherein the controller is configured to minimize an
amount of leakage current passing through the leakage
current path based on temperature dependent leakage current
characteristics of the common layer.
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