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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2015-0171025, filed Dec. 2, 2015,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND
[0002] Technical Field
[0003] The present disclosure relates to an organic light-

emitting display device and a driving method thereof.
[0004] Description of the Related Art

[0005] Organic light-emitting display devices having
recently attracted attention as display devices employ
organic light-emitting diodes (OLED) that emit light by
themselves and, thus, have great advantages such as high
response speed, high emission efficiency, high luminance,
and a large viewing angle.

[0006] In such organic light-emitting display devices, sub
pixels including an organic light-emitting diode are arranged
in a matrix and brightness of the sub pixels selected by a
scan signal is controlled on the basis of gray scales of data.
[0007] In such organic light-emitting display devices, cir-
cuit elements such as an organic light-emitting diode and a
driving transistor in each sub pixel have specific character-
istics (such as a threshold voltage or mobility).

[0008] The circuit elements in each sub pixel degrade with
extension of a driving time and, thus, the characteristics
thereof may vary. The luminance characteristic of the sub
pixel can be changed with variation in the characteristics.
[0009] Therefore, techniques of sensing and compensating
for the characteristics of the circuit elements in each sub
pixel have been developed. A driving transistor, a switching
transistor, a sensing transistor, and a storage capacitor are
disposed in each sub pixel. This structure is also referred to
as a “3T1C” structure.

[0010] Driving of the switch transistor and the sensing
transistor in each sub pixel requires scan drivers that gen-
erate a scan signal and a sensing signal, thereby causing a
problem with an increase in manufacturing cost.

[0011] A GIP (Gate In Panel) technique of directly mount-
ing scan drivers for supplying a scan signal and a sensing
signal on a display panel has been developed. This technique
has a problem in that a bezel area (BA) increases when the
number of scan drivers increases.

BRIEF SUMMARY

[0012] An object of the present disclosure is to provide an
organic light-emitting display device that can decrease the
size of a scan driver and a bezel area by simultaneously
driving a first transistor and a second transistor disposed in
neighboring sub pixels using a scan signal output from one
scan driver and a driving method thereof.

[0013] Another object of the present disclosure is to
provide an organic light-emitting display device that can
drive a display while internally compensating for charactet-
istic variations of sub pixels using one scan driver and a
driving method thereof.

[0014] According to an aspect of the present disclosure,
there is provided an organic light-emitting display device
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including: a display panel in which data lines are arranged
in a first direction and gate lines are arranged in a second
direction to define a plurality of sub pixels; a source driver
configured to supply a data voltage to the data lines; a scan
driver configured to supply scan signals to the gate lines; and
a timing controller configured to control a driving timing of
the source driver and a driving of the scan driver, wherein
when an (N-1)-th sub pixel and an N-th sub pixel are named
for neighboring sub pixels in a same column among the sub
pixels (i.e.. the (N-1)-th sub pixel and the N-th sub pixel are
adjacent to one another in a same column), each (N-1)-th
sub pixel and N-th sub pixel includes an organic light-
emitting diode, a driving transistor configured to drive the
organic light-emitting diode, a first transistor that is con-
trolled by the sensing signal and connected between a
reference voltage line for supplying a reference voltage and
a first node of the driving transistor, a second transistor that
is controlled by the scan signal and connected between the
data line and a second node of the driving transistor, and a
storage capacitor that is connected between the first node
and the second node of'the driving transistor, and a gate node
of the second transistor of the (N-1)-th sub pixel and a gate
node of the first transistor of the N-th sub pixel are con-
nected in common such that the second transistor of the
(N-1)-th sub pixel and the first transistor of the N-th sub
pixel are simultaneously turned on by the scan signal
supplied to the second transistor of the (N-1)-th sub pixel.
Accordingly, it is possible to decrease a size of a scan driver
and a bezel area.

[0015] According to another aspect of the present disclo-
sure, there is provided a driving method of an organic
light-emitting display device including a plurality of sub
pixels of which each includes an organic light-emitting
diode, a driving transistor configured to drive the organic
light-emitting diode, a first transistor that is controlled by a
sensing signal and connected between a reference voltage
line for supplying a reference voltage and a first node of the
driving transistor, a second transistor that is controlled by a
scan signal and connected between a data line and a second
node of the driving transistor, and a storage capacitor that is
connected between the first node and the second node of the
driving transistor, the driving method including: performing
initialization and data programming on an N-th sub pixel in
an overlap section of an N-th scan signal and an (N-1)-th
scan signal; switching the scan signal supplied to an (N-1)-
th sub pixel to a low level, causing the first node of the
driving transistor of the N-th sub pixel to float, and com-
pensating a threshold voltage of the driving transistor;
maintaining a voltage between the second node and the first
node of the driving transistor of the N-th sub pixel by the
compensation for the threshold voltage; and switching the
scan signal supplied to the second transistor of the N-th sub
pixel to the low level and causing the organic light-emitting
diode of the N-th sub pixel to emit light. Accordingly, it is
possible to decrease a size of a scan driver and a bezel area.
[0016] In the organic light-emitting display device and the
driving method thereof according to the various embodi-
ments provided by the present disclosure, it is possible to
decrease the size of a scan driver and a bezel area by
simultaneously driving a first transistor and a second tran-
sistor disposed in neighboring sub pixels using a scan signal
output from one scan driver and a driving method thereof.
[0017] In the organic light-emitting display device and the
driving method thereof according the various embodiments



US 2017/0162112 Al

provided by to the present disclosure, it is possible to drive
a display while internally compensating for characteristics
variations of sub pixels using one scan driver and a driving
method thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other objects, features and advan-
tages of the present disclosure will be more apparent from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

[0019] FIG. 1 is a diagram illustrating a schematic system
configuration of an organic light-emitting display device
according to an embodiment of the present disclosure;
[0020] FIG. 2 is a diagram illustrating a sub pixel structure
of the organic light-emitting display device according to an
embodiment of the present disclosure;

[0021] FIGS. 3A and 3B are diagrams illustrating an
example in which a bezel area increases when a scan driver
is mounted on a display panel in a GIP type;

[0022] FIG. 4 is a signal diagram illustrating internal
compensation for a sub pixel (e.g., the subpixel shown in
FIG. 2) of the organic light-emitting display device accord-
ing to an embodiment of the present disclosure;

[0023] FIG. 5 is a diagram illustrating a connection struc-
ture of sub pixels of the organic light-emitting display device
according to an embodiment of the present disclosure;
[0024] FIG. 6 is a diagram illustrating a driving method of
neighboring sub pixels of the organic light-emitting display
device according to an embodiment of the present disclo-
sure;

[0025] FIG. 7 is a diagram illustrating a driving method of
neighboring sub pixels of an organic light-emitting display
device according to another embodiment of the present
disclosure;

[0026] FIG. 8 is a flowchart illustrating a driving method
of the organic light-emitting display device according to an
embodiment of the present disclosure; and

[0027] FIG. 9 is a diagram illustrating an example in
which a bezel area decreases in an organic light-emitting
display device with a GIP structure according to an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0028] Advantages and features of the disclosure and
methods for achieving the advantages or features will be
apparent from embodiments described below in detail with
reference to the accompanying drawings. However, the
disclosure is not limited to these embodiments but can be
modified in various forms. The embodiments are merely for
completing disclosure of the invention and are provided to
completely inform those skilled in the art of the scope of the
invention. The scope of the invention is defined by only the
appended claims.

[0029] Shapes, sizes, ratios, angles, number of pieces, and
the like illustrated in the drawings for the purpose of
explaining the embodiments of the disclosure are exemplary
and, thus, the disclosure is not limited to the illustrated
items. Like reference numerals in the entire specification
denote like elements. When it is determined that detailed
description of known techniques involved in the disclosure
makes the gist of the disclosure obscure, then such detailed
description thereof will not be made.
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[0030] When “include,” “have,” “be constituted,” and the
like are mentioned in the specification, another element may
be added unless “only” is specifically used to exclude such
meaning. A singular expression of an element includes two
or more elements unless differently mentioned.

[0031] In analyzing elements, an error range is included

even when explicit description is not made.

[0032] Forexample, when a positional relationship of two
elements is described using “on,” “above,” “below,”
“beside,” and the like, one or more other elements may be

located therebetween unless “immediately” or “directly” is

used.
[0033] For example, when temporal relationships are
described using “after”, “subsequent to”, “next”, “before”,
and the like, such expressions may include temporal dis-
continuity unless “immediately” or “directly” is used to

exclude such meaning.

[0034] Terms “first,” “second,” and the like can be used to
describe various elements, but the elements should not be
limited to the terms. The terms are used only to distinguish
an element from another. Therefore, a first element may be
asecond element within the technical spirit of the disclosure.

[0035] Features of embodiments of the disclosure can be
coupled or combined partially or on the whole and can be
technically interlinked and driven in various forms. The
embodiments may be put into practice independently or in
various combinations.

[0036] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to the accompa-
nying drawings. In the drawings, sizes, thicknesses, and the
like of elements may be exaggerated for convenience of
explanation. The same reference numerals over the entire
specification denote the same elements.

[0037] FIG. 11is a diagram illustrating a schematic system
structure of an organic light-emitting display device accord-
ing to an embodiment of the present disclosure.

[0038] Referring to FIG. 1, an organic light-emitting dis-
play device 100 according to the embodiment of the present
disclosure includes a display panel 110 in which plural data
lines DL and plural gate lines GL are arranged and plural sub
pixels SP are arranged. The organic light-emitting display
device 100 further includes a source driver 120 that drives
the data lines DL, a scan driver 130 that drives the gate lines
GL, and a timing controller 140 that controls the source
driver 120 and the scan driver 130.

[0039] The timing controller 140 supplies various control
signals to the source driver 120 and the scan driver 130 to
control the source driver 120 and the scan driver 130.

[0040] The timing controller 140 starts scanning at a
timing of each frame, switches externally input image data
to a data signal format which is used by the source driver
120, outputs the switched image data, and controls display
driving data at an appropriate timing corresponding to a scan
signal.

[0041] The source driver 120 drives the plural data lines
DL by supplying a driving data voltage Vdata to the data
lines DL. Here, the source driver 120 is also referred to as
a “data driver.”

[0042] The scan driver 130 sequentially drives the plural
gate lines GL by sequentially supplying a scan signal to the
gate lines GL. Here, the scan driver 130 is also referred to
as a “gate driver.”
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[0043] The scan driver 130 sequentially supplies a scan
signal of an ON voltage or an OFF voltage to the gate lines
GL under the control of the timing controller 140.

[0044] When a specific gate line is selected by the scan
driver 130, the source driver 120 converts image data
received from the timing controller 140 into an analog data
voltage and supplies the analog data voltage to the data lines
DL.

[0045] The source driver 120 may be located on only one
side (for example, an upper side or a lower side) of the
display panel 110 in FIG. 1, or may be located on both sides
(for example, the upper side and the lower side) of the
display panel 110 depending on a driving method, a panel
design method, or the like.

[0046] The scan driver 130 may be located on only one
side (for example, a right side or a left side) of the display
panel 110 in FIG. 1, or may be located on both sides (for
example, the right side and the left side) of the display panel
110 depending on a driving method, a panel design method,
or the like.

[0047] The timing controller 140 receives various timing
signals including a vertical synchronization signal Vsync, a
horizontal synchronization signal Hsync, an input data
enable (DE) signal, and a clock signal CLK along with input
image data from the outside (for example, from a host
system).

[0048] As well as switching the externally input image
data to the data signal format which is used by the source
driver 120 and outputting the switched image data, the
timing controller 140 receives the timing signals such as a
vertical synchronization signal Vsync, a horizontal synchro-
nization signal Hsync, an input DE signal, and a clock signal
and generates and outputs various control signals to the
source driver 120 and the scan driver 130 in order to control
the source driver 120 and the scan driver 130.

[0049] For example, the timing controller 140 outputs
various gate control signals (GCS) including a gate start
pulse (GSP), a gate shift clock (GSC), and a gate output
enable (GOE) signal to control the scan driver 130.

[0050] Here, the gate start pulse (GSP) controls an opera-
tion start timing of one or more gate driver ICs of the scan
driver 130. The gate shift clock (GSC) is a clock signal
which is input commonly to the one or more gate driver ICs
and controls a shift timing of a scan signal (a gate pulse).
The gate output enable (GOE) signal designates timing
information of the one or more gate driver ICs.

[0051] The timing controller 140 outputs various data
control signals (DCS) including a source start pulse (SSP),
a source sampling clock (SSC), and a source output enable
(SOE) signal to control the source driver 120.

[0052] Here, the source start pulse (SSP) controls a data
sampling start timing of one or more source driver ICs of the
source driver 120. The source sampling clock (SSC) is a
clock signal for controlling a data sampling timing of each
source driver IC. The source output enable (SOE) signal
controls the output timing of the source driver 120.

[0053] The source driver 120 includes at least one source
driver 1C (SDIC) and can drive plural data lines.

[0054] Each source driver IC (SDIC) may include a shift
register, a latch circuit, a digital-to-analog converter (DAC),
an output buffer, and a gamma voltage generator.

[0055] The scan driver 130 may include at least one gate
driver 1C (GDIC).

Jun. 8, 2017

[0056] Each gate driver IC (GDIC) may include a shift
register and a level shifter.

[0057] Each sub pixel SP disposed in the display panel 110
includes circuit elements such as a transistor.

[0058] Forexample, each sub pixel SP of the display panel
110 includes an organic light-emitting diode OLED and
circuit elements, such as a driving transistor, for driving the
organic light-emitting diode OLED.

[0059] The types and numbers of circuit elements consti-
tuting each sub pixel SP may be different in various embodi-
ments, depending on provided functions, design methods,
and the like.

[0060] FIG. 2 is a diagram illustrating a sub pixel structure
of the organic light-emitting display device according to one
or more embodiments of the present disclosure.

[0061] Referring to FIG. 2, in the organic light-emitting
display device 100 according to embodiments of the present
disclosure, each sub pixel includes an organic light-emitting
diode OLED, a driving transistor DRT for driving the
organic light-emitting diode OLED, a first transistor T1 that
is electrically connected between a first node N1 of the
driving transistor DRT and a reference voltage line RVL for
supplying a reference voltage Vref, a second transistor T2
that is electrically connected between a second node N2 of
the driving transistor DRT and a data line DL for supplying
a data voltage Vdata, and a storage capacitor Cst that is
electrically connected between the first node N1 and the
second node N2 of the driving transistor DRT. The reference
voltage line RVL is also referred to as a sensing line SL.
[0062] The organic light-emitting diode OLED includes a
first electrode (for example, an anode or a cathode), an
organic layer, and a second electrode (for example, the
cathode or the anode).

[0063] The driving transistor DRT drives the organic light-
emitting diode OLED by supplying a driving current to the
organic light-emitting diode OLED.

[0064] The first node N1 of the driving transistor DRT can
be electrically connected to the first electrode of the organic
light-emitting diode OLED and may be a source node or a
drain node.

[0065] The second node N2 of the driving transistor DRT
can be electrically connected to a source node or a drain
node of the second transistor T2 and may be a gate node for
the driving transistor DRT. A third node N3 of the driving
transistor DRT can be electrically connected to a driving
voltage line (DVL) for supplying a driving voltage EVDD
and may be a drain node or a source node.

[0066] As illustrated in FIG. 2, the first transistor T1 is
turned on by a sensing signal SENSE and applies the
reference voltage Vref to the first node N1 of the driving
transistor DRT.

[0067] The first transistor T1 may be used as a voltage
sensing path for the first node N1 of the driving transistor
DRT when the first transistor is turned on. Accordingly, the
first transistor T1 is also referred to as a “sensing transistor.”
[0068] The second transistor T2 is turned on by a scan
signal SCAN and transmits the data voltage Vdata supplied
via the data line DL to the second node N2 of the driving
transistor DRT. Accordingly, the second transistor T2 is also
referred to as a “switching transistor.”

[0069] The storage capacitor Cst is electrically connected
between the first node N1 and the second node N2 of the
driving transistor DRT and functions to hold a data voltage
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corresponding to the image signal voltage or a voltage
corresponding thereto for one frame.

[0070] The storage capacitor Cst is not a parasitic capaci-
tor (for example, Cgs or Cgd) which is an internal capacitor
present between the first node N1 and the second node N2
of the driving transistor DRT, but instead is an external
capacitor which is intentionally designed outside the driving
transistor DRT.

[0071] FIGS. 3A and 3B are diagrams illustrating an
example in which a bezel area increases when the scan
driver is mounted on the display panel in a gate in panel
(GIP) type.

[0072] Referring to FIG. 3A, the scan driver 130 can be
embodied by a first scan driver 130a for supplying the scan
signal SCAN in FIG. 2 and a second scan driver 13056 for
supplying the sensing signal SENSE.

[0073] When a scan driver is mounted on the display panel
110 in the GIP type, a non-display area N/A (a non-active
area) is disposed around a display area A/A (an active area)
of the display panel 110.

[0074] When the first and second scan drivers 130a and
1305 are disposed to drive the first transistor T1 and the
second transistor T2 which are disposed in each sub pixel,
the non-display area N/A increases and the bezel area BA
corresponding thereto also increases.

[0075] As described above, when the bezel area BA of the
organic light-emitting display device 100 increases, there is
a problem in that the display area A/A for displaying an
image decreases.

[0076] In FIG. 3B, a single scan driver 130 includes a
driving circuit (such as a shift register) for generating the
scan signal SCAN and a driving circuit for generating the
sensing signal SENSE and thus the size of the scan driver
130 increases.

[0077]  Accordingly, the number of scan drivers 130 is one,
but the size of the scan driver 130 increases, thereby causing
a problem in that the bezel area BA increases.

[0078] In addition, since two different scan drivers should
be disposed or different driving circuits (e.g.. the scan signal
generation circuit and the sensing signal generation circuit)
should be disposed in a single scan driver, there is a problem
in that the manufacturing cost increases.

[0079] In an organic light-emitting display device and a
driving method thereof according to embodiments of the
present disclosure, it is possible to decrease the size of the
scan driver and the bezel area by simultaneously driving the
first transistor T1 and the second transistor T2 which are
disposed in neighboring sub pixels using a scan signal
output from a single scan driver.

[0080] Inthe organic light-emitting display device and the
driving method thereof according to embodiments of the
present disclosure, it is possible to drive a display while
internally compensating for characteristic variations of sub
pixels using a single scan driver.

[0081] FIG. 4 is a diagram illustrating internal compen-
sation for a sub pixel of the organic light-emitting display
device shown in FIG. 2, according to one or more embodi-
ments of the present disclosure.

[0082] Referring to FIGS. 2 and 4, in the organic light-
emitting display device 100 according to embodiments of
the present disclosure, each sub pixel includes the organic
light-emitting diode OLED, the driving transistor DRT, the
first transistor T1, the second transistor T2, and the storage
capacitor Cst as illustrated in FIG. 2.
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[0083] The internal compensation of the organic light-
emitting display device 100 according to embodiments of
the present disclosure can be performed in real time. Here,
the intemal compensation includes threshold voltage Vth
compensation and mobility compensation of the driving
transistor DRT which is disposed in a sub pixel.

[0084] First, when the organic light-emitting display
device 100 according to embodiments of the present disclo-
sure is driven, a scan signal SCAN is supplied at a high level
and a data voltage Vdata is supplied at an initialization level
in an initialization and data programming step. At this time,
the first transistor T1 is supplied with a sensing signal of a
high level and is supplied with a reference voltage Vref via
the reference voltage line RVL.

[0085] In this way, since the scan signal SCAN and the
sensing signal SENSE are supplied at a high level, the
second transistor T2 (the switching transistor) and the first
transistor T1 (the sensing transistor) are turned on and the
data voltage of the initialization level is applied to the
second node N2 of the driving transistor DRT via the second
transistor T2.

[0086] The reference voltage Vref is applied to the first
node N1 of the driving transistor DRT via the first transistor
T1.

[0087] Accordingly, the first node N1 and the second node
N2 of the driving transistor DRT are initialized with the
reference voltage Vref and the data voltage Vdata of the
initialization level, respectively. The reference voltage Vref
and the data voltage Vdata of the initialization level may be
different from each other.

[0088] After the initialization and data programming step,
an internal compensation step is performed. At this time, the
sensing signal SENSE is supplied at a low level, and the first
transistor T1 is thus turned off. Accordingly, since the
reference voltage is not supplied from the reference voltage
line RVL, the first node N1 of the driving transistor DRT is
in a floating state.

[0089] Accordingly, the voltage of the first node N1 of the
driving transistor DRT increases due to a source following
phenomenon.

[0090] Accordingly, the voltage of the second node N2 of
the driving transistor DRT increases from the data voltage of
the initialization level and the voltage of the first node N1 of
the driving transistor DRT in the floating state increases due
to the source following phenomenon.

[0091] The voltage increase AV of the first node N1 of the
driving transistor DRT increases in proportion to the mobil-
ity of the driving transistor DRT. That is, since the voltage
increase of the source node Vs of the driving transistor DRT
varies depending on a threshold voltage Vth difference or a
mobility difference due to degradation of the driving tran-
sistor DRT, the internal compensation is performed using the
voltage increase of the source node Vs of the driving
transistor DRT (compensation for a characteristic value of a
sub pixel).

[0092] Accordingly, the Vgs voltage between the gate
node (the second node N2) and the source node (the first
node N1) of the driving transistor DRT is set depending on
a degree of degradation of the driving transistor DRT, and
the scan signal SCAN is changed to the low level before the
voltage of the first node N1 of the driving transistor DRT is
saturated on the basis thereof, whereby the organic light-
emitting diode OLED emits light (a light-emitting step).
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[0093] Particularly, in the organic light-emitting display
device and the driving method thereof according to embodi-
ments of the present disclosure, it is possible to drive the
display while performing internal compensation (for the
threshold voltage Vth) for the degradation of the driving
transistor DRT by supplying the scan signal output from a
single scan driver 130 to the switch transistor T2 and the
sensing transistor T1 of the neighboring sub pixels in the
column direction.

[0094] That is, by causing the second transistor T2 (the
switching transistor) of the (N-1)-th sub pixel and the first
transistor T1 (the sensing transistor) of the N-th sub pixel
which correspond to the (N-1)-th gate line GL among the
sub pixels to operate using the scan signal supplied to the
(N-1)-th sub pixel, the internal compensation for character-
istic variations of the sub pixels and the display driving can
be performed without using an additional driver for gener-
ating another sensing signal.

[0095] Accordingly, in the organic light-emitting display
device and the driving method thereof according to embodi-
ments of the present disclosure, only one scan driver can be
disposed in the display panel and there is an advantage in
that the bezel area BA corresponding to the non-display area
N/A (the non-active area) can be decreased.

[0096] FIG. 5 is a diagram illustrating a connection struc-
ture of sub pixels of the organic light-emitting display device
according to embodiments of the present disclosure, and
FIG. 6 is a diagram illustrating the driving method of
neighboring sub pixels of the organic light-emitting display
device according to the present disclosure.

[0097] Referring to FIGS. 5 and 6, the organic light-
emitting display device 100 according to embodiments of
the present disclosure includes the display panel 110 in
which plural sub pixels are defined by the data lines arranged
in a first direction and the gate lines arranged in a second
direction, the source driver 120, the scan driver 130, and the
timing controller 140 are as illustrated in FIG. 1.

[0098] Among the sub pixels arranged in the display area
of the display panel 110, an (N-1)-th sub pixel (N-1)-th SP
and an N-th sub pixel N-th SP in the same column direction,
that is, in a direction in which the gate lines GL are
sequentially arranged, are defined as neighboring sub pixels.
That is, the (N-1)-th sub pixel and the N-th sub pixel are
adjacent to one another in a column direction.

[0099] Accordingly, the N-th sub pixel N-th SP is located
in the row corresponding to the N-th gate line GLn and the
(N-1)-th sub pixel (N-1)-th SP is located in the row
corresponding to the (N-1)-th gate line GL.

[0100] As illustrated in FIG. 5, the gate node of the second
transistor T2 of the (N-1)-th sub pixel SP is commonly
connected to the gate node of the first transistor T1 of the
N-th sub pixel SP. That is, the (N-1)-th gate line GL(n-1)
corresponding to the (N-1)-th sub pixel SP is connected to
the gate node of the first transistor T1 of the N-th sub pixel
SP.

[0101] The reference voltage line RVL is commonly con-
nected to the first transistors T1 of the (N=1)-th sub pixel SP
and the N-th sub pixel SP. and the second transistor T2 of the
(N=1)-th sub pixel SP and the second transistor T2 of the
N-th sub pixel SP are commonly connected to the same data
line DL.

[0102] Accordingly, in one or more embodiments of the
present disclosure, the (N-1)-th scan signal SCAN(n-1) of
the scan signals output from the scan driver 130 can simul-
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taneously turn on the second transistor T2 of the (N-1)-th
sub pixel and the first transistor T1 of the N-th sub pixel via
the (N-1)-th gate line GL(n-1).

[0103] As illustrated in FIG. 6, the (N-1)-th scan signal
SCAN(n-1) supplied to the (N-1)-th sub pixel maintains the
high level for 3/2 of a horizontal period H, and the N-th scan
signal SCAN(n) supplied to the N-th sub pixel also main-
tains the high level for 3/2 of a horizontal period H. One
horizontal period H is equal to the period for which the data
voltage Vdata is applied, which is shown in FIG. 6 as being
2T. For example, the period T, through T, corresponds to a
first horizontal period H in which a first data is supplied by
the data voltage Vdata. The scan signal SCAN(n-1) has a
high level from the beginning of period T, until the end of
period T, and thus maintains the high level for 3/2 of the
horizontal period H. Similarly, the scan signal SCAN(n)
maintains a high level from period T; through period Tj,
which is 3/2 of a second horizontal period H (i.e., the period
T, through T,, in which the second data is supplied by the
data voltage Vdata).

[0104] The high-level section of the (N-1)-th scan signal
SCAN(n-1) and the N-th scan signal SCAN(n) are shown
being distributed across a plurality of sections (T, to Tj),
each of which have a period that is %2 of a horizontal period
H. Here, the (N-1)-th scan signal SCAN(n-1) and the N-th
scan signal SCAN(n) overlap each other in the third section
T, (i.e., both of the scan signals SCAN(n-1) and SCAN(n)
have a high value during the section Tj.

[0105] For example, with a focus on the (N-1)-th sub
pixel SP, the initialization and data programming step
described with reference to FIG. 4 is performed in the first
section T1 in which the data voltage Vdata is supplied. Here,
the data voltage Vdata is supplied to the sub pixels SP for
every horizontal period H.

[0106] The (N-1)-th scan signal SCAN(n-1) is a driving
signal of the second transistor T2 of the (N-1)-th sub pixel,
and further functions as a sensing signal of the first transistor
T1 of the N-th sub pixel SP.

[0107] Then, in the second section T,, the threshold volt-
age Vth compensation or the mobility compensation is
performed as the internal compensation. The threshold volt-
age Vth compensation is performed with an increase in the
voltage Vs of the source node (i.e., the first node N1, as
shown in FIG. 2) of the driving transistor DRT of the
(N-1)-th sub pixel SP.

[0108] Then, in the third section T, the N-th sub pixel SP
is supplied with the N-th scan signal SCAN(n) and the data
voltage Vdata. Accordingly, the data voltage Vdata supplied
to the N-th sub pixel SP is also supplied to the (N-1)-th sub
pixel SP and the gate node voltage Vg of the driving
transistor DRT of the (N-1)-th sub pixel SP fluctuates.
[0109] At this time, the source node voltage Vs of the
driving transistor DRT of the (N-1)-th sub pixel also fluc-
tuates due to a coupling phenomenon of the gate node and
the source node of the (N-1)-th sub pixel SP and thus the
voltage Vgs is held. That is, in one or more embodiments of
the present disclosure, after the internal compensation pro-
cess is performed on the sub pixels, the voltage Vgs is held
in the subsequent /4 horizontal period (here, the sections T,
and T5).

[0110] Then, in the fourth section T, in which the (N-1)-th
scan signal SCAN(n-1) is at the low level, the organic
light-emitting diode OLED of the (N-1)-th sub pixel SP
emits light.
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[0111] In the same way, in the N-th sub pixel, the initial-
ization and data programming step is performed in the third
section T, the internal compensation step is performed in
the fourth step T,, the Vgs maintaining step is performed in
the fifth section Ts, and the light-emitting step is performed
in the sixth section Ty,

[0112] In this way, in the organic light-emitting display
device and the driving method thereof according to embodi-
ments of the present disclosure, it is possible to decrease the
size of the scan driver and the bezel area by simultaneously
driving the first transistor T1 and the second transistor T2
disposed in neighboring sub pixels using the scan signal
output from one scan driver (i.e., without needing an addi-
tional scan driver for supplying the sensing signal SENSE).
[0113] In the organic light-emitting display device and the
driving method thereof according to embodiments of the
present disclosure, it is possible to drive a display while
internally compensating for characteristics variations of the
sub pixels using one scan driver.

[0114] FIG. 7 is a diagram illustrating a driving method of
neighboring sub pixels of an organic light-emitting display
device according to another embodiment of the present
disclosure.

[0115] Referring to FIG. 7, similarly to the driving method
described above with reference to FIGS. 5 and 6, the scan
signal SCAN(n-1) supplied to the (N-1)-th sub pixel and
the scan signal SCAN(n) supplied to the N-th sub pixel are
supplied at the high level of two horizontal periods H with
a waveform having a predetermined inclination during one
horizontal period H.

[0116] That is, the (N-1)-th scan signal SCAN(n-1) has a
constant high level in the first and second sections T, and T,
and has an inclined level which is higher than the low level
and linearly decreases from the high level to the low level in
the third and fourth sections T; and T,,.

[0117] Similarly, the N-th scan signal SCAN(n) has a
constant high level in the third and fourth sections T, and T ,,
and has an inclined level which is higher than the low level
and linearly decreases from the high level to the low level in
the fifth and sixth sections T and Tj.

[0118] The initialization and data programming step, the
internal compensation step, the Vgs maintaining step, and
the light-emitting step in the (N-1)-th sub pixel SP and the
N-th sub pixel SP are the same as described above with
reference to FIGS. 5 and 6 and, thus, description thereof will
not be repeated.

[0119] In this way, in the organic light-emitting display
device and the driving method thereof according to embodi-
ments of the present disclosure, it is possible to decrease the
size of the scan driver and the bezel area by simultaneously
driving the first transistor T1 and the second transistor T2
disposed in neighboring sub pixels using the scan signal
output from one scan driver.

[0120] In the organic light-emitting display device and the
driving method thereof according to embodiments of the
present disclosure, it is possible to drive a display while
internally compensating for characteristics variations of sub
pixels using one scan driver.

[0121] FIG. 8 is a flowchart illustrating a driving method
of the organic light-emitting display device according to the
present disclosure.

[0122] Referring to FIG. 8, in the driving method of the
organic light-emitting display device according to embodi-
ments of the present disclosure, when the (N-1)-th scan
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signal SCAN(n-1) is supplied to the (N=1)-th sub pixel SP
and the N-th sub pixel SP which are adjacent in the column
direction of the sub pixels, the initialization and data pro-
gramming step is performed in the (N-1)-th sub pixel SP, as
shown at S901.

[0123] Then, the (N-2)-th scan signal SCAN(n-2) is
changed to the low level and the voltage Vs of the source
node (the first node in FIG. 2) of the driving transistor DRT
of the (N-1)-th sub pixel SP increases to perform the
threshold voltage Vth compensation (S902).

[0124] Then, the step (S903) of maintaining the source
node voltage Vs constant by the coupling phenomenon of
the gate node and the source node of the (N-1)-th sub pixel
SP is performed. Thereafter, the (N-1)-th scan signal SCAN
(n-1) is changed to the low level and the organic light-
emitting diode OLED of the (N-1)-th sub pixel SP emits
light (S904).

[0125] In the same way, in the N-th sub pixel, the initial-
ization and data programming step, the internal compensa-
tion step, the Vgs maintaining step, and the light-emitting
step of the organic light-emitting diode are performed with
the (N-1)-th scan signal SCAN(n-1).

[0126] FIG. 9 is a diagram illustrating an example in
which the bezel area decreases in the organic light-emitting
display device with a GIP structure according to embodi-
ments of the present disclosure.

[0127] Referring to FIG. 9, in the organic light-emitting
display device according to embodiments of the present
disclosure, since the internal compensation step using one
scan signal for neighboring sub pixels in the column direc-
tion and the light-emitting step of displaying an image are
performed, it is not necessary to provide an additional scan
driver 130 (e.g., for providing the sensing signal SENSE).
[0128] Accordingly, it is possible to sense and compensate
for degradation of the driving transistors using only the scan
signals supplied to the gate lines GL disposed in the display
panel 110 and thus to decrease the size of the scan driver
130.

[0129] Itcan be seen that the bezel area BA decreases from
the width illustrated in FIG. 3B to the width illustrated in
FIG. 9 with the decrease in the size of the scan driver 130.
[0130] In this way, in the organic light-emitting display
device and the driving method thereof according to embodi-
ments of the present disclosure, it is possible to decrease the
size of the scan driver and the bezel area by simultaneously
driving the first transistor T1 and the second transistor T2
disposed in neighboring sub pixels using the scan signal
output from one scan driver.

[0131] In the organic light-emitting display device and the
driving method thereof according to embodiments of the
present disclosure, it is possible to drive a display while
internally compensating for characteristics variations of sub
pixels using one scan driver.

[0132] The above description and the accompanying
drawings provide an example of the technical idea of the
present disclosure for illustrative purposes only. Those
skilled in the art will appreciate that various modifications
and changes such as combinations, separations, substitu-
tions, and changes of configurations are possible without
departing from the essential features of the present disclo-
sure. Therefore, the embodiments disclosed herein are
intended to illustrate, not define, the technical idea of the
present disclosure, and the scope of the present disclosure is
not limited to the embodiments. The scope of the present
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disclosure shall be construed on the basis of the appended
claims in such a manner that all the technical ideas within
the range equivalent to the claims belong to the scope of the
present disclosure.

[0133] The various embodiments described above can be
combined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the speci-
fication and the claims, but should be construed to include
all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

1. An organic light-emitting display device, comprising:

a display panel in which data lines are arranged in a first
direction and gate lines are arranged in a second
direction to define a plurality of sub pixels;

a source driver configured to supply a data voltage to the
data lines;

a scan driver configured to supply scan signals to the gate
lines; and

a timing controller configured to control a driving timing
of the source driver and a driving of the scan driver,

wherein the plurality of subpixels includes an (N-1)-th sub
pixel and an N-th sub pixel that are adjacent to one another
in a same column among the sub pixels, each of the (N-1)-th
sub pixel and the N-th sub pixel including:

an organic light-emitting diode,

a driving transistor configured to drive the organic light-
emitting diode,

a first transistor that is controlled by a sensing signal and
that is coupled between a reference voltage line and a
first node of the driving transistor,

a second transistor that is controlled by a respective scan
signal and that is coupled between a data line and a
second node of the driving transistor, and

a storage capacitor that is connected between the first
node and the second node of the driving transistor, and

a gate node of the second transistor of the (N-1)-th sub
pixel and a gate node of the first transistor of the N-th
sub pixel are coupled in common such that the second
transistor of the (N-1)-th sub pixel and the first tran-
sistor of the N-th sub pixel are simultaneously turned
on by a scan signal supplied to the second transistor of
the (N-1)-th sub pixel.

2. The organic light-emitting display device according to
claim 1, wherein the sensing signal that controls the first
transistor of the N-th sub pixel is the scan signal supplied to
the (N-1)-th sub pixel.

3. The organic light-emitting display device according to
claim 1, wherein the reference voltage line is coupled to the
first transistors of each of the (N-1)-th sub pixel and the
N-th sub pixel.

4. The organic light-emitting display device according to
claim 1, wherein the second transistor of the (N-1)-th sub
pixel and the second transistor of the N-th sub pixel are
commonly connected to the same data line.

5. A driving method of an organic light-emitting display
device including a plurality of sub pixels of which each
includes an organic light-emitting diode, a driving transistor
configured to drive the organic light-emitting diode, a first
transistor that is controlled by a sensing signal and that is
coupled between a reference voltage line and a first node of
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the driving transistor, a second transistor that is controlled by
a scan signal and that is coupled between a data line and a
second node of the driving transistor, and a storage capacitor
that is coupled between the first node and the second node
of the driving transistor, the driving method comprising:
performing initialization and data programming on an
N-th sub pixel in an overlapping section of an N-th scan
signal and an (N-1)-th scan signal, the N-th scan signal
being a scan signal supplied to the N-th sub pixel,
which has an N-th position in a column of the plurality
of subpixels, and the (N-1)-th scan signal being a scan
signal supplied to an (N-1)-th sub pixel having an

(N-1)-th position in the column, the (N-1)-th sub pixel

being adjacent to the N-th sub pixel in the column

direction;

switching the (N-1)-th scan signal to a low level, causing

the first node of the driving transistor of the N-th sub

pixel to float, and compensating a threshold voltage of
the driving transistor of the N-th sub pixel;

holding a voltage between the second node and the first

node of the driving transistor of the N-th sub pixel by

the compensation for the threshold voltage; and

switching the N-th scan signal supplied to the second
transistor of the N-th sub pixel to the low level and
causing the organic light-emitting diode of the N-th sub
pixel to emit light.

6. The driving method of an organic light-emitting display
device according to claim 5, wherein the (N-1)-th scan
signal supplied to the (N-1)-th sub pixel is the sensing signal
that controls the first transistor of the N-th sub pixel.

7. The driving method of an organic light-emitting display
device according to claim 5, wherein a period of the scan
signal supplied to each sub pixel is greater than a period of
supplied data voltages.

8. The driving method of an organic light-emitting display
device according to claim 7, wherein the period of the scan
signal supplied to each sub pixel is 3/2 of a horizontal period
H and a period of the data voltage is one horizontal period
H.

9. The driving method of an organic light-emitting display
device according to claim 7, wherein the period of the scan
signal supplied to each sub pixel has a constant high level in
a first section corresponding to one horizontal period H, and
has an inclined level in a second section corresponding to
another horizontal period.

10. The driving method of claim 9, wherein the scan
signal supplied to each subpixel linearly declines from the
high level to the low level in the second section.

11. A display device, comprising;

a first subpixel in a first column of subpixels, the first

subpixel including:

a first organic light-emitting diode coupled to a first
node;

a first driving transistor coupled between a driving
voltage line and the first node, the first driving
transistor having a control terminal coupled to a
second node;

a first sensing transistor coupled between a reference
voltage line and the first node;

a first switching transistor coupled between a data
voltage line and the second node, the first switching
transistor having a control terminal coupled to a first
scan line; and
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a first capacitor coupled between the first and second
nodes; and
a second subpixel in the first column of subpixels, the
second subpixel being adjacent to the first subpixel in
the first column, the second subpixel including:

a second organic light-emitting diode coupled to a third
node;

a second driving transistor coupled between the driving
voltage line and the third node, the second driving
transistor having a control terminal coupled to a
fourth node;

a second sensing transistor coupled between the refer-
ence voltage line and the third node, the second
sensing transistor having a control terminal coupled
to the first scan line;

a second switching transistor coupled between the data
voltage line and the fourth node, the second switch-
ing transistor having a control terminal coupled to a
second scan line; and

a second capacitor coupled between the third and fourth
nodes.

12. The display device of claim 1, further comprising:
a scan driver configured to supply respective scan signals
to the first and second scan lines; and
a source driver configured to supply a data voltage to the
data voltage line.
13. The display device of claim 12, wherein the scan
driver is configured to supply the first scan signal at a high
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level for a first period, and to supply the second scan signal
at a high level for a second period that at least partially
overlaps the first period.

14. The display device of claim 13, wherein the source
driver is configured to supply a first data voltage to the data
voltage line during at least a portion of the first period, and
to supply a second data voltage to the data voltage line
during at least a portion of the second period.

15. The display device of claim 12, wherein the scan
driver is configured to:

supply the first scan signal at a high level during a first

period,;

supply the first scan signal at a level that linearly declines

from the high level to a low level during a second
period,

supply the second scan signal at a high level during the

second period; and

supply the second scan signal at a level that linearly

declines from the high level to the low level during a
third period.

16. The display device of claim 15, wherein the source
driver is configured to:

supply a first data voltage to the data voltage line during

the first period; and

supply a second data voltage to the data voltage line

during the second period.
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