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CONTROLLER, ORGANIC
LIGHT-EMITTING DISPLAY PANEL,
ORGANIC LIGHT-EMITTING DISPLAY
DEVICE, AND METHOD OF DRIVING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
under 35 U.S.C. §119(a) of Korean Patent Application Num-
ber 10-2014-0192892 filed on Dec. 30, 2014, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a controller, an
organic light-emitting display panel, an organic light-emit-
ting display device, and a method of driving the same.
[0004] 2. Description of Related Art

[0005] Organic light-emitting display devices have
recently been prominent as next generation display devices.
Such organic light-emitting display devices have inherent
advantages, such as relatively fast response speeds, high con-
trast ratios, high light-emitting efficiency, high luminance
levels, and wide viewing angles, since organic light-emitting
diodes (OLEDs) able to emit light by themselves are used
therein.

[0006] Each subpixel disposed on an organic light-emitting
display panel of such an organic light-emitting display device
commonly includes a driving transistor driving an OLED, a
switching transistor transferring a data voltage to a gate node
of the driving transistor, and a capacitor maintaining a con-
stant voltage during the period of a single frame.

[0007] The driving transistor in each subpixel has unique
characteristics, such as a threshold voltage and mobility,
which may differ according to driving transistors.

[0008] Degradations in the performance ofthe driving tran-
sistors may occur along with the lapse of driving time. Dif-
ferences in degrees of degradation may cause variations in the
characteristics of the driving transistors.

[0009] Such variations in the characteristics of the driving
transistors may cause variations in luminance, leading to
non-uniformity in the overall luminance of the organic light-
emitting display panel.

[0010] Therefore, technologies for compensating for varia-
tions in the characteristics of driving transistors have been
developed. However, regardless of compensation for varia-
tions in the characteristics of the driving transistors, the lumi-
nance of each subpixel may be lower than a desired level,
leading to poor image quality due to, for example, stains.

BRIEF SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to a
controller, an organic light-emitting display panel, an organic
light-emitting display device, and a method of driving the
same that substantially obviate one or more of the problems
due to limitations and disadvantages of the related art.
[0012] An object of the present invention is to provide a
controller, an organic light-emitting display panel, an organic
light-emitting display device, and a method of driving the
same that is able to compensate for the dropped driving volt-
age.
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[0013] Another object of the present invention is to provide
a controller, an organic light-emitting display panel, an
organic light-emitting display device, and amethod of driving
the same that prevents image quality from being degraded due
to dropped driving voltage.

[0014] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0015] The present disclosure newly defines a decrease in
luminance due to a voltage drop in a driving voltage and
variations in luminance as reasons for degraded image qual-
ity, and provides a controller, an organic light-emitting dis-
play panel, an organic light-emitting display device, and a
method of driving the same able to compensate for the
dropped driving voltage, thereby preventing image quality
from being degraded due to the dropped driving voltage.
[0016] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, an organic light-emitting display
device comprises an organic light-emitting display panel
including a matrix of a plurality of subpixels disposed
thereon, the plurality of subpixels having data voltages
applied from data lines and driving voltages applied from
driving voltage lines; a data driver outputting the data volt-
ages to the data lines; and a timing controller controlling the
data driver.

[0017] Inthis organic light-emitting display device, among
the plurality of subpixels to which the driving voltages are
applied from the driving voltage lines, subpixels located more
distantly from start points of the driving voltage lines may
have a higher data voltage applied thereto.

[0018] In another aspect, an organic light-emitting display
panel comprises a data line through which data voltages are
transferred; a driving voltage line through which driving volt-
ages are transferred; and a plurality of subpixels having the
data voltages applied from the data line and the driving volt-
ages applied from the driving voltage line.

[0019] In this organic light-emitting display panel, a sub-
pixel among the plurality of subpixels, to which a driving
voltage that has dropped by a greater amount is applied from
the driving voltage line, may receive a higher data voltage.
[0020] In another aspect, a timing controller comprises a
first compensation circuit determining a driving voltage drop
compensation value for a subpixel to which a driving voltage
that has dropped is applied from a driving voltage line; and a
data modifying circuit modifying data regarding the subpixel
to which the driving voltage that has dropped is applied from
the driving voltage line, based on the driving voltage drop
compensation value, and outputting the modified data.
[0021] In another aspect, a method of driving an organic
light-emitting display device is provided. The organic light-
emitting display device includes: an organic light-emitting
display panel including a matrix of a plurality of subpixels
disposed thereon, the plurality of subpixels having data volt-
ages applied from a data line and driving voltages applied
from a driving voltage line; a data driver outputting the data
voltages to the data lines; and a timing controller controlling
the data driver

[0022] The method driving the organic light-emitting dis-
play device includes: modifying data regarding a subpixel to
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which a driving voltage that has dropped is applied from the
driving voltage line; and outputting the modified data.
[0023] According to the example embodiments, it is pos-
sible to newly define a decrease in luminance due to a voltage
drop in a driving voltage and variations in luminance as
reasons for degraded image quality, and can provide the con-
troller, the organic light-emitting display panel, the organic
light-emitting display device, and the method of driving the
same able to compensate for the dropped driving voltage,
thereby preventing image quality from being degraded due to
the dropped driving voltage.

[0024] TItisto beunderstood that both the foregoing general
description are exemplary and explanatory and are intended
to provide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other objects, features and advan-
tages of the present invention will be more clearly understood
from the following detailed description when taken in con-
junction with the accompanying drawings, in which:

[0026] FIG.1isa schematic system configuration diagram
illustrating an organic light-emitting display device accord-
ing to example embodiments;

[0027] FIG. 2 illustrates an exemplary subpixel circuit of
the organic light-emitting display device according to
example embodiments;

[0028] FIG. 3illustrates another exemplary subpixel circuit
of the organic light-emitting display device according to
example embodiments;

[0029] FIG. 4 illustrates an exemplary subpixel circuit and
an exemplary compensation structure of the organic light-
emitting display device according to example embodiments;
[0030] FIG. 5 illustrates a driving voltage supply structure
in the organic light-emitting display device according to the
example embodiments;

[0031] FIG. 6 illustrates a driving voltage drop in the
organic light-emitting display device according to the
example embodiments;

[0032] FIG.7andFIG. 8 illustrate a driving voltage drop in
asingle driving voltage line DVL in the organic light-emitting
display device according to the example embodiments;
[0033] FIG. 9 illustrates a driving voltage drop compensa-
tion function of the organic light-emitting display device
according to the example embodiments;

[0034] FIG. 10 is a graph representing the relationship
between a distance and an applied driving voltage, a graph
representing the relationship between the distance and a volt-
age drop in the driving voltage, a graph representing the
relationship between the distance and the degree of driving
voltage drop compensation, and a graph representing the
relationship between the distance and a data voltage;

[0035] FIG. 11 illustrates data compensation based on
threshold voltage compensation and driving voltage compen-
sation in the organic light-emitting display device according
to the example embodiments;

[0036] FIG. 12 illustrates compensation data output by the
timing controller of the organic light-emitting display device
according to the example embodiments;

[0037] FIG. 13 illustrates compensation data voltages out-
put by a source driver IC of the organic light-emitting display
device according to the example embodiments;

[0038] FIG. 14 is a graph representing degrees of data
modification depending on grayscale levels when modifying
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data to compensate for driving voltage drops in the organic
light-emitting display device according to the example
embodiments;

[0039] FIG. 15 is a block diagram illustrating a timing
controller having a driving voltage drop compensation func-
tion in the organic light-emitting display device according to
the example embodiments; and

[0040] FIG. 16 is a flowchart illustrating a method of driv-
ing the organic light-emitting display device according to the
example embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0041] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. Throughout this docu-
ment, reference should be made to the drawings, in which the
same reference numerals and signs will be used to designate
the same or like components. In the following description of
the present invention, detailed descriptions of known func-
tions and components incorporated herein will be omitted in
the case that the subject matter of the present invention may
be rendered unclear thereby.

[0042] It will also be understood that, while terms such as
“first,” “second,” “A,” “B,” “(a)” and “(b)” may be used herein
to describe various elements, such terms are only used to
distinguish one element from another element. The sub-
stance, sequence, order or number of these elements is not
limited by these terms. It will be understood that when an
element is referred to as being “connected to” or “coupled to”
another element, not only can it be “directly connected” or
“coupled to” the other element, but it can also be “indirectly
connected or coupled to” the other element via an “interven-
ing” element. In the same context, it will be understood that
when an element is referred to as being formed “on” or
“under” another element, not only canit be directly formed on
or under another element, but it can also be indirectly formed
on or under another element via an intervening element.
[0043] FIG. 1is a schematic system configuration diagram
illustrating an organic light-emitting display device 100
according to example embodiments.

[0044] Referring to FIG. 1, the organic light-emitting dis-
play device 100 includes an organic light-emitting display
panel 110, a data driver 120, a gate driver 130, a timing
controller 140, and the like.

[0045] On the organic light-emitting display panel 110, a
plurality of data lines DL and a plurality of gate lines GL are
disposed in intersecting directions.

[0046] Inaddition, a plurality of subpixels SP are arranged
on the organic light-emitting display panel 110, forming a
matrix.

[0047] The data driver 120 drives the plurality of data lines
DL by supplying data voltages thereto.

[0048] The gate driver 130 sequentially drives the plurality
of gate lines GL by sequentially sending a scanning signal
thereto.

[0049] The timing controller 140 controls the data driver
120 and the gate driver 130 by sending control signals thereto.
[0050] The timing controller 140 starts scanning following
the timing realized by each frame, outputs converted video
data by converting video data input from an external source
into a data signal format readable by the data driver 120, and
regulates data processing at a suitable point in time in
response to the scanning.
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[0051] The gate driver 130 sequentially drives the plurality
of gate lines GL by sequentially sending a scanning signal
having an on or off voltage thereto under the control of the
timing controller 140.

[0052] The gate driver 130 is positioned on one side of the
organic light-emitting display panel 110, asillustrated in FIG.
1. Depending on the driving method, the gate driver 130 may
be divided into two sections, positioned on both sides of the
organic light-emitting display panel 110.

[0053] Inaddition, the gate driver 130 includes one or more
gatedriver ICs GDIC. Referring to FIG. 1, five gate driver ICs
GDIC are illustrated for the sake of explanation.

[0054] Each of the gate driver ICs GDIC of the gate driver
130 may be connected to the bonding pads of the organic
light-emitting display panel 110 by tape-automated bonding
(TAB) or chip-on-glass (COG) bonding, may be imple-
mented as a gate-in-panel (GIP)-type IC directly disposed on
the organic light-emitting display panel 110, or in some cases,
may be integrated with the organic light-emitting display
panel 110, forming a portion of the organic light-emitting
display panel 110.

[0055] Each of the above-mentioned gate driver ICs GDIC
includes a shift resistor, a level shifter, and the like.

[0056] When a specific gate line is opened, the data driver
120 drives the plurality of data lines DL by converting video
data received from the timing controller 140 into analog data
voltages and supplying the analog data voltages to the data
lines DL.

[0057] The data driver 120 includes one or more source
driver ICs (also referred to as data driver ICs) SDIC. Refer-
ring to FIG. 1, ten source driver ICs SDIC are illustrated for
the sake of explanation.

[0058] Each ofthe source driver ICs SDIC ofthe data driver
120 may be connected to the bonding pads of the organic
light-emitting display panel 110 by tape-automated bonding
(TAB) or chip-on-glass (COG) bonding, may be directly dis-
posed on the organic light-emitting display panel 110, or in
some cases, may be integrated with the organic light-emitting
display panel 110, forming a portion of the organic light-
emitting display panel 110.

[0059] Each ofthe source driver ICs SDIC of the data driver
120 includes a shift resistor, a latch, a digital-to-analog con-
verter (DAC), an output buffer, and the like. In some cases,
each of the source driver ICs SDIC may include an analog-
to-digital converter (ADC) for subpixel compensation. The
ADC senses an analog voltage value, converts the sensed
analog voltage value into a digital value, and generates and
outputs sensing data.

[0060] Each ofthe source driver ICs SDIC ofthe data driver
120 may be formed using a chip-on-film (COF) method. In
each of the source driver ICs SDIC, one end is bonded to a
corresponding source printed circuit board (SPCB) of a pair
of SPCBs 160a and 1605, and the other end is bonded to the
organic light-emitting display panel 110.

[0061] The timing controller 140 receives a variety of tim-
ing signals including a vertical synchronization signal Vsync,
a horizontal synchronization signal Hsync, an input DE sig-
nal, and a clock signal, together with the video data of an input
data, from an external source.

[0062] In addition to converting the video data input from
the external source into a data signal format readable by the
data driver 120 and outputting the converted video data, the
timing controller 140 generates a variety of control signals by
receiving a variety of timing signals including a vertical syn-
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chronization signal Vsync, a horizontal synchronization sig-
nal Hsync, an input DE signal, and a clock signal, and outputs
the variety of control signals to the data driver 120 and the
gate driver 130 in order to control the same drivers.

[0063] For example, the timing controller 140 outputs a
variety of gate control signals (GCSs) including a gate start
pulse (GSP), a gate shift clock (GSC) signal, and a gate output
enable (GOE) signal in order to control the gate driver 130.
The GSP controls the operation start timing of the gate driver
1Cs GDIC of the gate driver 130. The GSC signal is a clock
signal commonly input to the gate driver ICs GDIC to control
the shift timing of a scanning signal (gate pulse). The GOE
signal designates the timing information of the gate driver ICs
GDIC.

[0064] The timing controller 140 outputs a variety of data
control signals (DCSs) including a source start pulse (SSP), a
source sampling clock (SSC) signal, and a source output
enable (SOE) signal in order to control the data driver 120.
The SSP controls the data sampling start timing of the source
driver ICs SDIC of the data driver 120. The SSC signal is a
clock signal to control the data sampling timing of each of the
source driver ICs SDIC. The SOE signal controls the output
timing of the data driver 120.

[0065] Referring to FIG. 1, the timing controller 140 is
disposed on a control PCB 180. The control PCB 180 is
connected to the source PCBs 160a and 1605 via connecting
means 170a and 1705, such as flexible flat cables (FFC) or
flexible printed circuits (FPCs).

[0066] The control PCB 180 further has a power controller
150 disposed thereon. The power controller 150 supplies a
variety of voltages or currents to the organic light-emitting
display panel 110, the data driver 120, the gate driver 130, and
the like, or controls the variety of voltages or currents to be
supplied. The power controller is also referred to as the power
management IC (PMIC).

[0067] Circuit devices, such as a transistor and a capacitor,
are formed on each of the subpixels SP disposed on the
organic light-emitting display panel 110 that is schematically
illustrated in FIG. 1. For example, a circuit including an
organic light-emitting diode (OLED), two or more transis-
tors, and one or more capacitors is formed on each of the
subpixels SP on the organic light-emitting display panel 110.

[0068] Hereinafter, a description of a subpixel circuit will
be given by way of example with reference to FIG. 2 and FIG.
3.

[0069] FIG. 2 illustrates an exemplary subpixel circuit of
the organic light-emitting display device 100 according to
example embodiments.

[0070] Referring to FIG. 2, in the organic light-emitting
display device 100, each subpixel may include an OLED and
a driving circuit.

[0071] Referring to FIG. 2, the driving circuit basically
includes two transistors, i.e. a driving transistors DRT and a
switching transistor SWT, and a single capacitor, i.e. a storage
capacitor Cstg.

[0072] Referring to FIG. 2, the OLED includes a first elec-
trode (e.g. an anode or a cathode), an organic layer, and a
second electrode (e.g. a cathode or an anode).

[0073] For example, a source node or a drain node of the
driving transistor DRT may be electrically connected to the
first electrode of the OLED, and a base voltage EVSS may be
applied to the second electrode of the OLED.



US 2016/0189628 A1l

[0074] Referring to FIG. 2, the driving transistor DRT is a
transistor that drives the OLED by supplying a driving current
thereto.

[0075] The driving transistor DRT includes a first node N1
corresponding to the source node or the drain node, a second
node N2 corresponding to a gate node, and a third node N3
corresponding to the drain node or the source node.

[0076] For example, in the driving transistor DRT, the first
node N1 may be electrically connected to the first electrode or
the second electrode of the OLED, the second node N2 may
be electrically connected to a source node or a drain node of
the switching transistor SW'T, and the third node N3 may be
electrically connected to a driving voltage line DVL through
which a driving voltage EVDD is supplied.

[0077] Referring to FIG. 2, the switching transistor SWT is
a transistor that supplies a data voltage Vdata to the second
node N2 of the driving transistor DRT, corresponding to the
gate node.

[0078] The switching transistor SWT is controlled by a
scanning signal SCAN applied to the gate node, and is elec-
trically connected between the second node N2 of the driving
transistor DRT and a data line DL.

[0079] Referring to FIG. 2, the storage capacitor Cstg is
electrically connected between the first node N1 and the
second node N2 of the driving transistor DRT.

[0080] The storage capacitor Cstg serves to maintain a pre-
determined voltage during the period of a single frame.
[0081] The subpixel structure illustrated in FIG. 2 is a most
basic 2T1C structure including two transistors DRT and
SWT, the single capacitor Cstg, and the single OLED.
[0082] The subpixel structure may be variously modified
according to various design objectives intended to improve
image quality.

[0083] For example, each subpixel may have a compensa-
tion structure that compensates for the unique characteristics
of the driving transistor DRT, such as a threshold voltage Vth
and mobility. There are a variety of types of compensation
structures, one of which may be decided depending on the
type of the driving transistor DRT and the size and resolution
of the organic light-emitting display panel 110.

[0084] FIG.3illustrates another exemplary subpixel circuit
of the organic light-emitting display device 100 according to
example embodiments.

[0085] Referring to FIG. 3, in the organic light-emitting
display device 100, each subpixel may include an OLED and
a driving circuit.

[0086] Referring to FIG. 3, the driving circuit in the sub-
pixel having a compensation structure includes, by way of
example, three transistors, i.e. a driving transistor DRT, a
switching transistor SWT, and a sensing transistor SENT, and
a single capacitor, i.¢. a storage capacitor Cstg.

[0087] This type of the subpixel, including the three tran-
sistors DRT, SWT, and SENT and the single capacitor Cstg, is
referred to as having a “3T1C” structure.

[0088] Referring to FIG. 3, the OLED includes a first elec-
trode (e.g. an anode or a cathode), an organic layer and a
second electrode (e.g. a cathode or an anode).

[0089] For example, a source node or a drain node of the
driving transistor DRT is connected to the first electrode of
the OLED, and a base voltage EVSS is applied to the second
electrode of the OLED.

[0090] Referring to FIG. 3, the driving transistor DRT is a
transistor that drives the OLED by supplying a driving current
thereto.
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[0091] The driving transistor DRT includes a first node N1
corresponding to the source node or the drain node, a second
node N2 corresponding to a gate node, and a third node N3
corresponding to the drain node or the source node. In the
following description, for the sake of explanation, the first
node N1 may be referred to as the source node, the second
node N2 may be referred to as the gate node, and the third
node N3 may be referred to as the drain node.

[0092] For example, in the driving transistor DRT, the first
node N1 is electrically connected to the first electrode or the
second electrode of the OLED, the second node N2 is elec-
trically connected to a source node or a drain node of the
switching transistor SWT, and the third node N3 is electri-
cally connected to a driving voltage line DVL through which
a driving voltage EVDD is supplied.

[0093] Referring to FIG. 3, the switching transistor SWT is
a transistor that supplies a data voltage Vdata to the second
node N2 of the driving transistor DRT, corresponding to the
gate node.

[0094] The switching transistor SWT is controlled by a
scanning signal SCAN applied to the gate node, and is elec-
trically connected between the second node N2 of the driving
transistor DRT and a data line DL.

[0095] Referring to FIG. 3, the storage capacitor Cstg is
electrically connected between the first node N1 and the
second node N2 of the driving transistor DRT.

[0096] The storage capacitor Cstg serves to maintain a pre-
determined voltage during the period of a single frame.
[0097] Referring to FIG. 3, the sensing transistor SENT,
newly added to the basic subpixel structure of FIG. 2, is
controlled by a sensing signal SENSE, a type of a scanning
signal applied to the gate node, and is electrically connected
between a reference voltage line RVL and the first node N1 of
the driving transistor DRT.

[0098] The sensing transistor SENT is turned on to apply a
reference voltage Vref supplied through the reference voltage
line RVL to the first node N1 (e.g. the source node or the drain
node) of the driving transistor DRT.

[0099] Inaddition, the sensing transistor allows the voltage
of the first node N1 of the driving transistor DRT to be sensed
by an analog-to-digital converter (ADC) electrically con-
nected to the reference voltage line RVL.

[0100] These functions of the sensing transistor SENT
relate to the compensation for the unique characteristics of
the driving transistor DRT. The unique characteristics of the
driving transistor DRT include, for example, a threshold volt-
age Vth and mobility.

[0101] When variations in the unit characteristics (the
threshold voltage and mobility) of the driving transistors DRT
in the subpixels occur, luminance variations may occur
among the subpixels, thereby lowering image quality.
[0102] Therefore, it is possible to improve luminance uni-
formity by compensating for the unique characteristics (the
threshold voltage and mobility) of the driving transistors DRT
in the subpixels by sensing the unique characteristics (the
threshold voltage and mobility) of the driving transistors
DRT.

[0103] The principle of sensing the threshold voltage of the
driving transistor DRT will be briefly described as follows: A
source following operation in which a voltage Vs of the
source node (the first node N1) of the driving transistor DRT
follows a voltage Vg ofthe gate node (the second node N2) of
the driving transistor DRT is enabled. After the voltage of the
source node (the first node N1) of the driving transistor DRT
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is saturated, the voltage of the source node (the first node N1)
of the driving transistor DRT is sensed as a sensing voltage.
Based on the sensing voltage sensed in this manner, a change
in the threshold voltage of the driving transistor DRT can be
determined.

[0104] Thereafter, the principle of sensing the threshold
voltage of the driving transistor DRT will be briefly
described. A predetermined voltage is applied to the gate
node (the first node N2) of the driving transistor DRT in order
to define the current capability characteristics of the driving
transistor DRT except for the threshold voltage Vth.

[0105] In this manner, the current capability (i.e. mobility)
of the driving transistor DRT is relatively determined based
on the amount of the voltage charged for the predetermined
time, and a correction gain for compensation is accordingly
obtained.

[0106] The mobility compensation through the mobility
sensing as above can be performed for a predetermined time
allowed during the operation of a screen. This consequently
makes it possible to sense and compensate for the parameters
of the driving transistor DRT that change in real time.
[0107] The gate node of the switching transistor SWT and
the gate node of the sensing transistor SENT are electrically
connected to the same gate line.

[0108] That is, a gatesignal (SCAN, SENSE) is commonly
applied to the gate node of the switching transistor SWT and
the gate node of the sensing transistor SENT through the same
gate line. In this case, the scanning signal SCAN and the
sensing signal SENSE are the same gate signal.

[0109] Alternatively, the gate node of the switching tran-
sistor SWT and the gate node of the sensing transistor SENT
may be electrically connected to different gate lines, through
which the scanning signal SCAN and the sensing signal
SENSE are separately applied thereto.

[0110] FIG. 4 illustrates an exemplary subpixel circuit and
an exemplary compensation structure (a sensing structure for
compensating for a threshold voltage and mobility) of the
organic light-emitting display device 100 according to the
example embodiments.

[0111] The subpixel circuit illustrated in FIG. 4 is substan-
tially identical to the subpixel circuit illustrated in FIG. 3.
[0112] Referring to FIG. 4, the organic light-emitting dis-
play device 100 further includes an analog-to-digital con-
verter (ADC) that senses a voltage of a reference voltage line
RVL, generates sensing data by converting the sensed voltage
into a digital value, and transmits the sensing data to the
timing controller 140.

[0113] The use of the ADC enables the timing controller
140 to calculate a compensation value and execute data com-
pensation on a digital basis.

[0114] The ADC may be included in each source driver IC
SDIC., together with a digital-to-analog converter (DAC) con-
verting video data into a data voltage Vdata.

[0115] Referring to FIG. 4, the organic light-emitting dis-
play device 100 includes switch components, such as a first
switch SW1 and a second switch SW2, in order to provide an
effective sensing operation.

[0116] In response to a first switching signal, the first
switch SW1 connects the reference voltage line RVL and a
supply node Nref through which the reference voltage Vrefis
supplied.

[0117] When the first switch SW1 is turned on, the refer-
ence voltage Vref is supplied to the reference voltage line
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RVL. When the first switch SW1 is turned off, the reference
voltage Vrefis not supplied to the reference voltage line RVL.
[0118] Thesecond switch SW2 connects the reference volt-
age line RVL and the ADC in response to a second switching
signal (sampling signal).

[0119] When the second switch SW2 is turned on, the ref-
erence voltage line RVL is connected to the ADC, which then
can sense a voltage of the reference voltage line RVL.
[0120] With the above-described switch components SW1
and SW2, the organic light-emitting display device 100 can
set a state in which voltages are applied to major nodes, such
as the N1 node and the N2 node, to a state required for a
driving operation for compensating for the characteristics of
asensing transistor SENT, thereby enabling effective driving,
and can sense the unique characteristics of the driving tran-
sistor DRT.

[0121] The ADC generates the sensing data by converting
the sensed voltage into a digital value, and transmits the
sensing data to the timing controller 140.

[0122] The timing controller 140 receives the sensing data,
determines a change in the threshold voltage of the driving
transistor DRT in each of the subpixels and variations in the
threshold voltage of the driving transistors DRT of the sub-
pixels, and determines and saves data compensation values
for each of the subpixels for compensation of such a change
and variations.

[0123] The timing controller 140 modifies data based on
the data compensation value, and transmits the modified data
to the source driver IC. Consequently, the source driver IC
SDIC converts the modified data to a data voltage using the
DAC, and outputs the data voltage to a corresponding data
line. In this manner, substantial compensation is performed.
[0124] The data modified by the timing controller 140 in
order to compensate for variations in the threshold voltage of
any subpixel can be expressed using Formula 1 below:

Data=Data(0)+AData

[0125] InFormula 1 above, Data(0) indicates data that has
not been modified for threshold voltage compensation. AData
indicates a data compensation value determined for threshold
voltage compensation, based on the sensing data. Data indi-
cates data modified for threshold voltage compensation.
[0126] The data expressed using Formula 1 is input to the
source driver IC SDIC, by which a data voltage expressed
using Formula 2 below is applied to the corresponding sub-
pixel.

Formula 1

Vdata=Vdata(0)+AData Formula 2

[0127] In Formula 2 above, Vdata(0) indicates a data volt-
age obtained by modifying the unchanged data Data(0) to an
analog voltage value for threshold voltage compensation.
AVdata is an analog value corresponding to a data compen-
sation value for threshold voltage compensation. Vdata is a
data voltage obtained by converting the data modified for
threshold voltage compensation into an analog value.

[0128] Each of the subpixels on the organic light-emitting
display panel 110 may have a data voltage Vdata applied
through the data line DL and a driving voltage EVDD applied
through the driving voltage line DVL, regardless of whether
each of the subpixels is designed as the basic subpixel circuit
illustrated in FIG. 2, the subpixel circuit having the compen-
sation structure illustrated in FIG. 3, or any other subpixel
circuit.

[0129] Thus, the organic light-emitting display panel 110
has a plurality of driving voltage lines DVL disposed thereon,



US 2016/0189628 A1l

in addition to the plurality of data lines DL and the plurality of
gate lines GL illustrated in FIG. 1.

[0130] Each of the driving voltage lines DVL may be dis-
posed on a single subpixel column or two or may be disposed
on more subpixel columns.

[0131] Insome cases, eachofthe driving voltage lines DVL
may be disposed on a single subpixel row or may be disposed
on two or more subpixel rows.

[0132] Hereinafter, for the sake of explanation, the case in
which each of the driving voltage lines DVL is disposed on
one or more subpixel columns will be used by way of
example.

[0133] FIG. 5 illustrates a driving voltage supply structure
in the organic light-emitting display device 100 according to
the example embodiments, and FIG. 6 illustrates a driving
voltage drop in the organic light-emitting display device 100
according to the example embodiments.

[0134] Referring to FIG. 5 and FIG. 6, a driving voltage
EVDD output by the power controller 150 disposed on the
control PCB 180 is supplied to the plurality of driving voltage
lines DVL disposed on the organic light-emitting display
panel 110 through the connecting means 170a and 1705 and
the source driver ICs SDIC disposed on the source PCBs 160a
and 1604.

[0135] Referring to FIG. 6, in each of the driving voltage
lines DVL, the driving voltage EVDD may drop, for example,
due to the length of the corresponding driving voltage line
DVL or an internal load of the organic light-emitting display
panel 110.

[0136] The level of the voltage drop in the driving voltage
increases along with the distance from a start point Ps of each
driving voltage line DVL. That is, the level of the voltage drop
increases as being more adjacent to an end point Pe.

[0137] FIG.7and FIG. 8 illustrate a driving voltage drop in
asingle driving voltage line DVL in the organic light-emitting
display device 100 according to the example embodiments.

[0138] Referring to FIG. 7, a single subpixel column
includes n number of subpixels SP #1, SP#2, . . ., and SP #n.

[0139] Referring to FIG. 7, the n number of subpixels SP #1
to SP #n may have a driving voltage applied thereto from the
single driving voltage line DVL.

[0140] Referring to FIG. 7, the n number of subpixels SP #1
to SP #n are arranged in the sequence of SP #1, SP #2, SP#3,
..., and SP #n from a start point Ps of the driving voltage line
DVL. In other words, the subpixel SP #1 is located most
adjacently to the start point Ps of the driving voltage line
DVL, and the subpixel SP #n is located most distantly from
the start point Ps of the driving voltage line DVL.

[0141] Referring to FIG. 7 and FIG. 8, the driving voltage
EVDD applied to the subpixel SP#1 from the driving voltage
line DVL is referred to as EVDD #1, the driving voltage
EVDD applied to the subpixel SP #2 from the driving voltage
line DVL is referred to as EVDD #2, the driving voltage
EVDD applied to the subpixel SP #3 from the driving voltage
line DVL is referred to as EVDD #3, and the driving voltage
EVDD applied to the subpixel SP #n from the driving voltage
line DVL is referred to as EVDD #n.

[0142] Referring to FIG. 7 and FIG. 8, the driving voltage
applied to each of the subpixels from the driving voltage line
DVL is decreased by the voltage drop compared to a driving
voltage EVDD(0) supplied to the start point Ps from an exter-
nal source. Here, the level of the voltage drop increases along
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with the distance of the subpixel from the start point Ps of the
driving voltage line DVL, i.e. in the direction from SP #1 to
SP #n.
[0143] Specifically, the driving voltage EVDD #1 applied
to the subpixel SP #1 from the driving voltage line DVL has
the smallest voltage drop VD #1, compared to the driving
voltage EVDD(0) supplied to the start point Ps of the driving
voltage line DVL. The driving voltage EVDD #n applied to
the subpixel SP #n from the driving voltage line DVL has the
greatest voltage drop VD #n, compared to the driving voltage
EVDD(0) supplied to the start point Ps of the driving voltage
line DVL.

[0144] The levels of the voltage drops in the driving

voltages applied to the subpixels:

VD #1<VD #2<VD #3<...<VD#n

[0145] The levels of the driving voltages applied to the
subpixels:

EVDD(0)>EVDD #1>EVDD #2>EVDD #3> . . .
>EVDD #n

[0146] In other words, the more distantly from the start
point Ps of the driving voltage line DVL the subpixel is
located, the lower the driving voltage applied thereto is.
[0147] Referring to FIG. 7 and FIG. 8, the EVDD(0) is not
applied to each of the n number of subpixels SP #1 to SP #n
that must receive a driving voltage from the driving voltage
line DVL. Instead, the driving voltage that has dropped is
applied thereto. When the decreased driving voltage is
applied, each of the subpixels fails to generate a desired level
of luminance, i.e. the level of luminance is lowered by an
amount equal to a level by which the driving voltage is
dropped.

[0148] In addition, the driving voltages applied to each of
the n number of subpixels SP #1 to SP #n are lowered by
different levels of voltage from EVDD(0). Not only the lumi-
nance of each of the n number of subpixels SP #1 to SP #n is
decreased, but also variations in the luminance of the n num-
ber of subpixels occur.

[0149] WA Such decreases in luminance due to the
decreased driving voltages and such variations in luminance
due to the different levels of voltage drop may cause degra-
dations in image quality, such as stains formed on the organic
light-emitting display panel 110.

[0150] For this, the organic light-emitting display device
100 can provide a driving voltage drop compensation func-
tion.

[0151] FIG. 9 illustrates a driving voltage drop compensa-
tion function of the organic light-emitting display device 100
according to the example embodiments. Here, a description
will be made, by way of example, to a SP #k (where k=1, 2, .
.., orn) among the n number of subpixels SP #1 to SP #n to
which driving voltages from the driving voltage line DVL can
be applied.

[0152] Referring to FIG. 9, in the organic light-emitting
display device 100, the timing controller 140 may output
compensated data by compensating data for a voltage drop in
a driving voltage EVDD #k applied to the subpixel SP #k.
Consequently, the source driver IC SDIC converts the com-
pensated data into an analog data voltage and outputs the
analog data voltage.

[0153] Referring to FIG. 9, a driving voltage EVDD #k
applied to the subpixel SP #k from the driving voltage line
DVL is a voltage value decreased by a voltage drop, com-
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pared to the driving voltage EVDD(0) that is initially supplied
to the start point Ps of the driving voltage line DVL from the
external source.

[0154] Thus, when the timing controller 140 performs data
compensation for the subpixel SP #k, the data compensation
is performed based on the level of the voltage drop in the
driving voltage EVDD #k applied to the subpixel SP #k.
[0155] Referring to FIG. 9, the voltage drop in the driving
voltage EVDD #k applied to the subpixel SP #k is propor-
tional to the distance from the start point Ps of the driving
voltage line DVL to a point Pk at which the subpixel SP #k
receives the driving voltage EVDD #k from the driving volt-
age line DVL. That is, as the subpixel SP #k is located more
distantly from the start point Ps of the driving voltage line
DVL, the driving voltage that has dropped by a greater level
is applied to the subpixel SP #k.

[0156] Since the subpixel SP #k receives the driving volt-
age dropped by a greater level along with the distance of the
subpixel SP #k from the start point Ps of the driving voltage
line DVL, the luminance of the subpixel SP#k is decreased by
a greater amount.

[0157] For this, the timing controller 140 can perform the
data compensation on the subpixel SP #k such that a higher
data voltage is applied to the subpixel SP #k when the sub-
pixel SP#k is located more distantly from the start point Ps of
the driving voltage line DVL, i.e. a driving voltage that has
dropped by a greater level is applied to the subpixel SP #k (a
lower driving voltage is applied to the subpixel SP #k).
[0158] Incontrast, data compensation can be performed on
the subpixel SP #k such that a lower data voltage is applied to
the subpixel SP #k when the subpixel SP #k is located more
adjacently to the start point Ps of the driving voltage line
DVL,1.e. adriving voltage thathas dropped by a smaller level
is applied to the subpixel SP #k (a higher driving voltage is
applied to the subpixel SP #k).

[0159] The driving voltage drop compensation according
to the example embodiments as described above can apply a
higher data voltage to a subpixel located more distantly from
the start point Ps of the driving voltage line DVL among a
plurality of subpixels to which the driving voltages are
applied from the driving voltage line DVL in order to com-
pensate for the voltage drop, since a lower driving voltage is
the subpixel located more distantly from the start point Ps.
[0160] That is, the driving voltage drop compensation
according to the example embodiments can apply a higher
data voltage to a subpixel to which a driving voltage that has
dropped by a greater level is applied.

[0161] The driving voltage drop compensation according
to the example embodiments enables each of the subpixels to
receive a data voltage able to compensate for a voltage drop in
a driving voltage applied from the driving voltage line DVL.
This can consequently prevent the luminance of each of the
subpixels from being lowered by the dropped driving voltage
and prevent variations in the luminance of the subpixels that
would otherwise be caused by the dropped driving voltages.

[0162] The voltage drop in the driving voltage and the
compensation thereof as described above will be summarized
with reference to FIG. 10.

[0163] FIG. 10 is a graph representing the relationship
between a distance L and an applied driving voltage EVDD,
a graph representing the relationship between the distance L
and a voltage drop in the driving voltage, a graph representing
the relationship between the distance L. and the degree of
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driving voltage drop compensation, and a graph representing
the relationship between the distance L and a data voltage.
[0164] Referring to Graph 1 and Graph 2 in FIG. 10, the
voltage drop in the driving voltage EVDD increases along
with the distance L from the start point Ps of the driving
voltage line DVL, thereby decreasing the driving voltage
EVDD.

[0165] Consequently, the level of the voltage drop increases
along with the distance of the subpixel from the start point Ps
of the driving voltage line DVL, whereby a lower driving
voltage EVDD is applied to the subpixel.

[0166] Referring to Graph 3 in FIG. 10, the degree of the
driving voltage drop compensation increases along with the
distance [ ofthe subpixel from the start point Ps of the driving
voltage line DVL, since the subpixel located more distantly
from the start point Ps of the driving voltage line DVL
receives the driving voltage that has dropped by a greater
level.

[0167] Therefore, as represented in Graph 4, the more dis-
tantly away from the start point Ps of the driving voltage line
DVL the subpixel is located, i.e. the greater the distance L of
the subpixel from the start point Ps is, the higher the data
voltage is applied to the subpixel.

[0168] The organic light-emitting display device 100
according to the example embodiments can further perform
threshold voltage compensation in addition to the driving
voltage drop compensation.

[0169] Inthis case, the timing controller 140 must perform
both data compensation for threshold voltage compensation
and data compensation for the driving voltage drop compen-
sation at the same time. Such data compensation will be
described with reference to FIG. 11 to FIG. 13.

[0170] FIG. 11 illustrates data compensation based on
threshold voltage compensation and driving voltage compen-
sation in the organic light-emitting display device 100
according to the example embodiments, FIG. 12 illustrates
compensation data Data output by the timing controller of the
organic light-emitting display device 100 according to the
example embodiments, and FIG. 13 illustrates compensation
data voltages Vdata output by a source driver IC SDIC of the
organic light-emitting display device 100 according to the
example embodiments.

[0171] Referring to FIG. 11, when data that has not been
compensated is referred to as Data(0), for the purposes of data
compensation for the threshold voltage Vth, the timing con-
troller 140 determines a data compensation value AData for
the compensation of a threshold voltage Vth from sensing
data by calculation.

[0172] In this manner, the timing controller 140 can per-
form the data compensation for the threshold voltage com-
pensation by adding the data compensation value AData for
the compensation of the threshold voltage Vith to initial data
Data(0) that has not been compensated at all.

[0173] The compensation data obtained by performing the
data compensation for the threshold voltage compensation
can be expressed using Formula 3 below:

Data=Data(0)+AData

[0174] In Formula 3 above, Data indicates compensation
data that is compensated for the threshold voltage compen-
sation, Data(0) indicates initial data that has not been com-
pensated at all, and AData indicates a data compensation
value (data compensation amount) for the threshold voltage
compensation.

Formula 3
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[0175] Referring to FIG. 11, for the driving voltage drop
compensation, the timing controller 140 calculates a driving
voltage drop compensation value Cd corresponding to a digi-
tal value, depending on the degree of the voltage drop in the
driving voltage applied to the corresponding subpixel.
[0176] Here, the timing controller 140 determines the
degree of the voltage drop in the driving voltage applied to the
corresponding subpixel, based on the distance L of the sub-
pixel from the start point Ps of the corresponding driving
voltage line DVL.

[0177] Thedistance L of the subpixel from the start point Ps
of the driving voltage line DVL may be a value corresponding
to the position of the subpixel (a row number and a column
number), which is previously decided and is saved in a table.
[0178] The timing controller 140 performs the data com-
pensation for the driving voltage drop compensation in order
to compensate for a voltage drop in the driving voltage
applied to the subpixel. The data compensation includes cal-
culating the driving voltage drop compensation value Cd
corresponding to a digital value based on the position infor-
mation or thelike of the subpixel and subsequently adding the
initial data Data(0) to a value obtained by multiplying the
calculated driving voltage drop compensation value Cd by the
data compensation value AData regarding the threshold volt-
age compensation.

[0179] Referring to FIG. 11, after the data compensation
for the threshold voltage compensation and the driving volt-
age drop compensation is performed, the compensation data
can be expressed using Formula 4 below:

Data=Data(0)+AData*Cd Formula 4

[0180] In Formula 4 above, Data indicates compensation
data that has been compensated for the threshold voltage
compensation and has been compensated for the driving volt-
age drop compensation, Data(0) indicates initial data that has
not been compensated at all, AData is a data compensation
value (a data compensation amount) for the threshold voltage
compensation, and Cd is a driving voltage drop compensation
value for the driving voltage drop compensation.

[0181] Forexample, the driving voltage drop compensation
value Cd can be set to a value equal to or greater than 1, as in
the graph representing the relationship between L (distance)
and Cd. When there is no driving voltage drop (where L=0),
the driving voltage drop compensation value Cd is set to 1.
When there is a driving voltage drop (where L>0), the driving
voltage drop compensation value Cd is set to a value greater
than 1. The greater the driving voltage drop is (the greater the
distance L is), the greater the driving voltage drop compen-
sation value Cd may be.

[0182] In order to represent Formula 4 as a function graph,
only the relationship between the driving voltage drop com-
pensation value Cd and the compensation data Data is con-
sidered on the assumption that the initial data Data(0) and the
data compensation value AData for the threshold voltage
compensation are constants. As illustrated in FIG. 12, the
compensation data may be expressed as a linear function
about the driving voltage drop compensation value Cd. In the
graph of the linear function, the Y-axis intercept is Data(0),
and the gradient is AData.

[0183] Thetiming controller 140 outputs the compensation
data, which can be expressed using Formula 4, to the corre-
sponding source driver IC SDIC of the data driver 120.
[0184] Then, the source driver IC SDIC converts the com-
pensation data Data=Data(0)+AData*Cd, received from the

Jun. 30, 2016

timing controller 140, into an analog data voltage Vdata using
the DAC disposed therein, and outputs the data voltage Vdata
to a corresponding data line.

[0185] Here, considering the data compensation (the data
compensation for the threshold voltage compensation and the
data compensation for the driving voltage drop compensa-
tion), the converted data voltage Vdata can be expressed using
Formula 5 below:

Vdata=Vdata(0)+AVdata*Cy Formula 5

[0186] InFormula5 above, Vdata indicates the data voltage
obtained by converting the compensation data Data=Data
(0)+AData*Cd, received from the timing controller 140, into
the analog value. Vdata(0) indicates an analog value corre-
sponding to initial data Data(0) that has been subjected to no
data compensation. AVdata indicates an analog value corre-
sponding to the data compensation value AData for the
threshold voltage compensation. Cv indicates an analog value
corresponding to the driving voltage drop compensation
value Cd for the driving voltage drop compensation.

[0187] Forexample, as in the graph of FIG. 13 representing
the relationship between L (distance) and Cv, the driving
voltage drop compensation value Cv can be set to a value
equal to or greater than 1. When there is no driving voltage
drop (where L=0), the driving voltage drop compensation
value Cd is set to 1. When a driving voltage drop occurs
(where L>0), the driving voltage drop compensation value Cd
is set to a value greater than 1. The greater the driving voltage
drop is (the greater the distance L is), the greater the driving
voltage drop compensation value Cd may be.

[0188] Inorder to represent Formula 5 as a function graph,
only the relationship between the driving voltage drop com-
pensation value Cv and the compensation data voltage Vdata
is considered on the assumption that the data voltage Vdata(0)
corresponding to the initial data Data(0) and the analog value
AVdata corresponding to the data compensation value AData
for the threshold voltage compensation are constants. As
illustrated in FIG. 13, the compensation data voltage Vdata
may be expressed as a linear function about the driving volt-
age drop compensation value Cv. In the graph of the linear
function, the Y-axis intercept is Vdata(0), and the gradient is
AVdata.

[0189] FIG. 14 is a graph representing degrees of data
modification depending on grayscale levels when modifying
data to compensate for driving voltage drops in the organic
light-emitting display device according to the example
embodiments.

[0190] As illustrated in FIG. 14, in the case in which the
distance of a subpixel SP #k from the start point Ps of the
driving voltage line DVL is L #k, when a driving voltage
EVDD #k applied from the driving voltage line DVL is a
voltage that has dropped from an initial driving voltage
EVDD(0), the above-described driving voltage drop compen-
sation function can be applied. Consequently, a driving volt-
age drop compensation value corresponding to the level of
voltage drop, the distance L #k, or the position of the subpixel
SP #k can be calculated, and a compensation data voltage
Vdata reflecting the calculated driving voltage drop compen-
sation value can be applied to the corresponding subpixel SP
#k.

[0191] Degradations in image quality depending on the
driving voltage drop may differ depending on the grayscale
level of data.
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[0192] Thus, the compensation data voltages to which the
driving voltage drop compensation is applied may differ
depending on the grayscale levels. That is, the subpixels
having driving voltages applied thereto from the driving volt-
age line DVT. may receive different data voltages depending
on grayscale levels.

[0193] As described above, even in the case in which the
same driving voltage drop has occurred, different data volt-
ages can be set depending on the grayscale levels, thereby
preventing image quality from being degraded due to the
dropped driving voltage.

[0194] More specifically, referring to FIG. 14, the image
quality degradation, such as stains, caused by the driving
voltage drop may become severe in a low grayscale range.
Consequently, each of the subpixels to which a driving volt-
age from the driving voltage line DVL is applied may receive
a lower data voltage at a lower grayscale level.

[0195] Therefore, as illustrated in FIG. 14, a data voltage
change AVdata LG corresponding to a level by which the data
voltage is changed from the initial data voltage Vdata(0) in a
low grayscale range may be greater than a data voltage change
AVdata HG corresponding to a level by which the data volt-
age is changed from the initial data voltage Vdata(0) in a high
grayscale range.

[0196] In other words, the subpixels at the same distance
from the start point Ps of the driving voltage line DVL can
receive data voltages to which different data voltage changes
depending on the grayscale levels are added.

[0197] More specifically, among the subpixels at the same
distance from the start point Ps of the driving voltage line
DVL, a subpixel having a lower grayscale level can receive a
higher data voltage to which a greater data voltage change is
added.

[0198] A reference grayscale level by which the low gray-
scale range and the high grayscale range are divided may be
set to a predetermined grayscale value. For example, the
reference grayscale level may be set in the range from 0 to 5
grayscale levels.

[0199] As described above, even in the case in which the
same driving voltage drop has occurred, i.e. even in the case
of subpixels at the same distance from the start point of the
driving voltage line, it is possible to apply a higher data
voltage to a low grayscale range corresponding to a high-
visibility grayscale range by adding a greater data voltage
change to the initial data voltage, thereby more efficiently
preventing image quality from being degraded due to the
dropped driving voltage.

[0200] The timing controller 140 can perform the above-
described operation of varying the data voltage depending on
the grayscale level by adjusting the amount of the driving
voltage drop compensation value Cd in Formula 4.

[0201] For example, when the grayscale level exceeds the
reference grayscale level, the amount of the driving voltage
drop compensation value Cd is adjusted because of the driv-
ing voltage drop. However, the amount of the driving voltage
drop compensation value Cd is not additionally adjusted
because of the grayscale level.

[0202] When the grayscale level is the reference grayscale
level, the amount of the driving voltage drop compensation
value Cd is adjusted to a greater value because of the driving
voltage drop. Afterwards, the amount of the driving voltage
drop compensation value Cd may be further adjusted to a
greater value considering the low grayscale range.
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[0203] FIG. 15 is a block diagram illustrating a controller
1500 having a driving voltage drop compensation function in
the organic light-emitting display device 100 according to the
example embodiments.

[0204] Referring to FIG. 15, in the organic light-emitting
display device 100, the controller 1500 having the driving
voltage drop compensation function may include a first com-
pensating circuit 1510, a data modifying circuit 1530, and a
data output circuit 1540.

[0205] The first compensating circuit 1510 determines a
driving voltage drop compensation value Cd of a subpixel to
which a driving voltage that has dropped is applied from the
driving voltage line DVL.

[0206] The data modifying circuit 1530 modifies data
regarding the subpixel to which the driving voltage that has
dropped is applied from the driving voltage line DVL, based
on the driving voltage drop compensation value Cd, and out-
puts the modified data.

[0207] Referring to FIG. 15, in the organic light-emitting
display device 100, the controller 1500 having the driving
voltage drop compensation function may further include a
second compensating circuit 1520 that determines a data
compensation value (data compensation amount) AData for
each of the subpixels by referring to sensing data able to be
savedina memory 1550. The data compensation value AData
is used in compensating for the characteristics (e.g. a thresh-
old voltage and mobility) of the driving transistor DRT.
[0208] In this case, the data modifying circuit 1530 modi-
fies data regarding the subpixel to which the driving voltage
that has dropped is applied from the driving voltage line DVL,
based on the data compensation value AData and the driving
voltage drop compensation value Cd, and outputs the modi-
fied data.

[0209] Here, the data may be modified to the compensation
data Data=Data(0)+AData*Cd as represented in Formula 4
above.

[0210] The data, output by the data modifying circuit 1530
through the data modification (data compensation) as above,
is output to a corresponding source driver IC by the data
output circuit 1540.

[0211] The use of the above-described controller 1500 can
prevent both lowered luminance and variations in luminance,
which would otherwise be caused by the driving voltage drop,
thereby preventing image quality from being degraded.
[0212] The first compensating circuit 1510 determines the
driving voltage drop compensation value Cd of each of the
subpixels based on the distance [ of each of the subpixels
from the start point Ps of the driving voltage line DVL, by
referring to the position information of the driving voltage
line, the position information of each of the subpixels, and the
like that can be saved in the memory 1550.

[0213] Since the first compensating circuit 1510 deter-
mines the driving voltage drop compensation value Cd of
each of the subpixels based on the distance L of each of the
subpixels from the start point Ps of the driving voltage line
DVL or based on the position of each of the subpixels, it is
possible to more adaptively determine the driving voltage
drop compensation value Cd depending on the degree of the
driving voltage drop. Consequently, it is possible to more
efficiently prevent image quality from being degraded due to
lowered luminance or variations in luminance.

[0214] Degradations in image quality caused by the driving
voltage drop may differ depending on the grayscale level of
data.
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[0215] For this, the first compensating circuit 1510 deter-
mines the driving voltage drop compensation value Cd by
further considering the grayscale level, in addition to the start
point of the driving voltage line, the distance of each of the
subpixels, and the position of each of the subpixels.

[0216] As described above, it is possible to more efficiently
prevent image quality from being degraded due to the driving
voltage drop by determining the driving voltage drop com-
pensation value Cd by further considering the grayscale level,
in addition to the start point of the driving voltage line, the
distance of each of the subpixels, and the position of each of
the subpixels.

[0217] As in Formula 4 above, the data modifying circuit
1530 can perform the data modification (data compensation)
by adding a value, obtained by multiplying the data compen-
sation value AData for compensating for the characteristics
(e.g. a threshold voltage and mobility) of the driving transis-
tor DRT and the driving voltage drop compensation value Cd,
to the initial data Vdata(0).

[0218] As described above, it is possible to perform both
the driving voltage drop compensation for the characteristics
of the driving transistor DRT and the data modification for
compensating for the driving voltage drop through the single
operation of data modification (data compensation).

[0219] In addition, the controller 1500 schematically illus-
trated in FIG. 15 may be the timing controller 140 described
in the present disclosure. Alternatively, at least one compo-
nents of the internal components 1510, 152, 1530, 1540, and
1550 of the controller 1500 may form the timing controller
140 and the other component(s) may form a separate control-
ler device.

[0220] Hereinafter, a method of driving the organic light-
emitting display device 100 related to the driving voltage drop
compensation as described above will be briefly described
with reference to FIG. 16.

[0221] FIG. 16 is a flowchart illustrating the method of
driving the organic light-emitting display device 100 accord-
ing to the example embodiments.

[0222] Referring to FIG. 16, the method of driving the
organic light-emitting display device 100 may include: opera-
tion S1610 of determining whether or not a driving voltage
EVDD applied to a subpixel from a driving voltage line DVL
has dropped; operation S1620 of modifying data regarding
the subpixel to which the driving voltage EVDD that has
dropped is applied from the driving voltage line DVL; and
operation $1630 of outputting the modified data.

[0223] In addition to these operations S1610, S1620, and
S1630, other operations for providing the method of driving
the organic light-emitting display device 100 related to the
driving voltage drop compensation can be further included.
[0224] The method of driving the organic light-emitting
display device 100 according to the example embodiments as
above can compensate for the dropped driving voltage,
thereby preventing image quality from being degraded due to
the dropped driving voltage.

[0225] The example embodiments as set forth above can
newly define a decrease in luminance due to a voltage drop in
a driving voltage and variations in luminance as reasons for
degraded image quality, and can provide the controller 1500,
the organic light-emitting display panel 110, the organic
light-emitting display device 100, and the method of driving
the same able to compensate for the dropped driving voltage,
thereby preventing image quality from being degraded due to
the dropped driving voltage.
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[0226] 1t will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

an organic light-emitting display panel comprising a
matrix of a plurality of subpixels disposed thereon, the
plurality of subpixels having data voltages applied from
data lines and driving voltages applied from driving
voltage lines;

a data driver outputting the data voltages to the data lines;
and

a timing controller controlling the data driver,

wherein among the plurality of subpixels to which the
driving voltages are applied from the driving voltage
lines, subpixels located more distantly from start points
of the driving voltage lines have a higher data voltage
applied thereto.

2. The organic light-emitting display device according to
claim 1, wherein the subpixels located more distantly from
the start points of the driving voltage line have a lower driving
voltage.

3. The organic light-emitting display device according to
claim 1, wherein, among the plurality of subpixels to which
the driving voltages are applied from the driving voltage lines,
subpixels located at an equal distance from the start points of
the driving voltage lines receive data voltages to which dif-
ferent data voltage changes depending on grayscale levels are
added.

4. The organic light-emitting display device according to
claim 3, wherein, among the subpixels located at the equal
distance from the start points of the driving voltage lines, a
subpixel having a lower grayscale level receives a higher data
voltage to which a greater voltage change is added.

5. An organic light-emitting display panel comprising:

a data line through which data voltages are transferred,

a driving voltage line through which driving voltages are

transferred; and

a plurality of subpixels having the data voltages applied
from the data line and the driving voltages applied from
the driving voltage line,

wherein a subpixel among the plurality of subpixels, to
which a driving voltage that has dropped by a greater
amount is applied from the driving voltage line, receives
a higher data voltage.

6. A timing controller comprising:

a first compensation circuit determining a driving voltage
drop compensation value for a subpixel to which a driv-
ing voltage that has dropped is applied from a driving
voltage line; and

a data modifying circuit modifying data regarding the sub-
pixel to which the driving voltage that has dropped is
applied from the driving voltage line, based on the driv-
ing voltage drop compensation value, and outputting the
modified data.

7. The timing controller according to claim 6, wherein the
first compensating circuit determines the driving voltage drop
compensation value for the subpixel based on a distance of
the subpixel from a start point of the driving voltage line and
a position of the subpixel.
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8. The timing controller according to claim 6, wherein the
first compensating circuit determines the driving voltage drop
compensation value for the subpixel by further considering a
grayscale level.

9. The timing controller according to claim 6, further com-
prising a second compensating circuit determining a data
compensation amount for characteristics of a driving transis-
tor of the subpixel by referring to sensing data,

wherein the data modifying circuit modifies the data

regarding the subpixel by adding a value obtained by
multiplying the data compensation value by the driving
voltage drop compensation value to the data regarding
the subpixel.

10. The timing controller according to claim 9, wherein the
driving voltage drop compensation value is set to a greater
value when the driving voltage has dropped by a greater
value.

11. A method of driving an organic light-emitting display
device, wherein the organic light-emitting display device
comprises: an organic light-emitting display panel compris-
ing a matrix of a plurality of subpixels disposed thereon, the
plurality of subpixels having data voltages applied from a
data line and driving voltages applied from a driving voltage
line; a data driver outputting the data voltages to the data
lines; and a timing controller controlling the data driver, the
method comprising:

modifying data regarding a subpixel to which a driving

voltage that has dropped is applied from the driving
voltage line; and

outputting the modified data.
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