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(7) ABSTRACT

An organic light-emitting display apparatus includes: a first
pixel including a first pixel circuit and a first light-emitting
device to emit light in response to a first driving current
received from the first pixel circuit; a second pixel including
a second pixel circuit and a second light-emitting device to
emit light in response to a second driving current received
from the second pixel circuit; and a switch circuit connected
between an anode electrode of the first light-emitting device
and an anode electrode of the second light-emitting device.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0027263, filed on
Feb. 26, 2015, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments relate to an
organic light-emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] Along with the increase in the resolution of organic
light-emitting display apparatuses, when light-emitting
devices are miniaturized, a compensation point of a threshold
voltage may be lowered. In this case, a threshold voltage
difference between driving transistors may not be accurately
compensated for, thereby causing a brightness difference
between light-emitting devices, which may be observed by a
viewer.

[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known to a person of ordinary skill in the art.

SUMMARY

[0007] One or more exemplary embodiments include an
organic light-emitting display apparatus for which a problem
that a threshold voltage is not accurately corrected due to the
miniaturization of light-emitting devices along with an
increase in resolution of organic light-emitting display appa-
ratuses is improved.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0009] According to one or more exemplary embodiments,
an orgaunic light-emitting display apparatus includes: a first
pixel including a first pixel circuit and a first light-emitting
device configured to emit light in response to a first driving
current received from the first pixel circuit; a second pixel
including a second pixel circuit and a second light-emitting
device configured to emit light in response to a second driving
current received from the second pixel circuit; and a switch
circuit connected between an anode electrode of the first
light-emitting device and an anode electrode of the second
light-emitting device.

[0010] The first pixel circuit may include a first transistor
configured to be controlled by a first control signal, the sec-
ond pixel circuit may include a second transistor configured
to be controlled by a second control signal, and the switch
circuit may be configured to be controlled by the first control
signal and the second control signal.

[0011] The switch circuit may include: a first connection
transistor configured to connect the anode electrode of the
first light-emitting device to the anode electrode of the second
light-emitting device in response to the first control signal,
and a second connection transistor configured to be con-
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trolled by the second control signal and connected in parallel
to the first connection transistor.

[0012] The first and second transistors and the first and
second connection transistors may be P-type metal oxide
semiconductor (MOS) transistors.

[0013] The first and second transistors and the first and
second connection transistors may be N-type MOS transis-
tors.

[0014] The organic light-emitting display apparatus may
further include: a first control line configured to transfer the
first control signal to the first pixel; a second control line
configured to transfer the second control signal to the second
pixel; a scan line configured to transfer a scan signal to the
first pixel and the second pixel; a first data line configured to
transfer a first data signal to the first pixel in synchronization
with the scan signal; a second data line configured to transfer
a second data signal to the second pixel in synchronization
with the scan signal; and a power supply configured to apply
a first power source voltage to the first and second pixel
circuits, and to apply a second power source voltage to cath-
ode electrodes of the first and second light-emitting devices.
[0015] The first pixel circuit may include: a first switching
transistor configured to transfer the first data signal in
response to the scan signal; a first data storage capacitor
configured to store a voltage corresponding to the first data
signal; and a first driving transistor configured to generate the
first driving current based on the voltage stored in the first data
storage capacitor; and the second pixel circuit may include: a
second switching transistor configured to transfer the second
data signal in response to the scan signal; a second data
storage capacitor configured to store a voltage corresponding
to the second data signal; and a second driving transistor
configured to generate the second driving current based on the
voltage stored in the second data storage capacitor.

[0016] The first pixel circuit may further include: a first
threshold voltage storage capacitor configured to store a first
threshold voltage of the first driving transistor; and the first
transistor configured to diode-connect the first driving tran-
sistor in response to the first control signal; and the second
pixel circuit may further include: a second threshold voltage
storage capacitor configured to store a second threshold volt-
age of the second driving transistor; and the second transistor
configured to diode-connect the second driving transistor in
response to the second control signal.

[0017] Each of the first and second driving transistors may
include a first electrode to which the first power source volt-
age is applied and a second electrode respectively connected
to the anode electrode of the first and second light-emitting
device, the first switching transistor may be configured to
transfer the first data signal to a first node in response to the
scan signal, the second switching transistor may be config-
ured to transfer the second data signal to a second node in
response to the scan signal, the first data storage capacitor
may be connected between the first node and the first elec-
trode of the first driving transistor, the second data storage
capacitor may be connected between the second node and the
first electrode of the second driving transistor, the first thresh-
old voltage storage capacitor may be connected between the
first node and a gate of the first driving transistor, the second
threshold voltage storage capacitor may be connected
between the second node and a gate of the second driving
transistor, the first transistor may be configured to connect the
gate of the first driving transistor and the second electrode of
the first driving transistor in response to the first control
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signal, and the second transistor may be configured to connect
the gate of the second driving transistor and the second elec-
trode of the second driving transistor in response to the sec-
ond control signal.

[0018] When the first driving transistor of the first pixel
circuit is diode-connected by the first transistor turned on in
response to the first control signal, the anode electrode of the
first light-emitting device and the anode electrode of the
second light-emitting device may be connected to each other
via the first connection transistor turned on in response to the
first control signal, and when the second driving transistor of
the second pixel circuit is diode-connected by the second
transistor turned on in response to the second control signal,
the anode electrode of the first light-emitting device and the
anode electrode of the second light-emitting device may be
connected to each other via the second connection transistor
turned on in response to the second control signal.

[0019] The organic light-emitting display apparatus may
further include: a control line driver configured to output the
first and second control signals through the first and second
control lines, respectively; a scan driver configured to output
the scan signal through the scan line; a data driver configured
to output the first and second data signals through the first and
second data lines, respectively; and a driving controller con-
figured to control the control line driver, the scan driver, the
data driver, and the power supply.

[0020] Thedriving controller may be configured to perform
a method of driving the organic light-emitting display appa-
ratus, the method including: first dropping voltages of the
anodeelectrodes of the first and second light-emitting devices
to voltages less than or equal to that of the cathode electrodes
of the first and second light-emitting devices, respectively;
first outputting the first control signal to store the first thresh-
old voltage of the first driving transistor of the first pixel
circuit in the first driving transistor storage capacitor of the
first pixel circuit in a state where the anode electrode of the
first light-emitting device and the anode electrode of the
second light-emitting device are connected to each other;
second dropping voltages of the anode electrodes of the first
and second light-emitting devices to voltages less than or
equal to that of the cathode electrodes of the first and second
light-emitting devices, respectively; and second outputting
the second control signal to store the second threshold voltage
of the second driving transistor of the second pixel circuit in
the second driving transistor storage capacitor of the second
pixel circuit in a state where the anode electrode of the first
light-emitting device and the anode electrode of the second
light-emitting device are connected to each other.

[0021] The first dropping voltages, the first outputting the
first control signal, the second dropping voltages, and the
second outputting the second control signal may be sequen-
tially performed within one frame of light-emitting.

[0022] Each of the first and second pixel circuits may fur-
ther include the first or second transistor in order to transfer
the first power source voltage to the first or second driving
transistor in response to the first or second control signal.
[0023] The first or second transistor may be configured to
transfer the first power source voltage to the first or second
node in response to the first or second control signal, the first
or second driving transistor may be connected between the
first or second node and the anode electrode of the first or
second light-emitting device and be configured to output the
first or second driving current to the first or second light-
emitting device according to a voltage level of a gate of the

Sep. 1,2016

first or second driving transistor, the first or second switching
transistor may be configured to transfer the first or second
data signal to the gate of the first or second driving transistor
in response to the scan signal, and the first or second data
storage capacitor may be connected between the gate of the
first or second driving transistor and the anode electrode of
the first or second light-emitting device.

[0024] The organic light-emitting display apparatus may
further include a third pixel including a third pixel circuit and
a third light-emitting device configured to emit light in
response to a third driving current received from the third
pixel circuit, and the switch circuit may be connected
between anode electrodes of the first, second. and third light-
emitting devices.

[0025] According to one or more exemplary embodiments,
a method of driving an organic light-emitting display appa-
ratus including a first pixel including a first light-emitting
device and a first driving transistor configured to output a first
driving current to the first light-emitting device, and a second
pixel including a second light-emitting device and a second
driving transistor configured to output a second driving cur-
rent to the second light-emitting device, includes: first drop-
ping voltages of anode electrodes of the first and second
light-emitting devices to voltages less than or equal to that of
cathode electrodes of the first and second light-emitting
devices, respectively; first storing a first threshold voltage of
the first driving transistor in a state where the anode electrode
ofthe first light-emitting device and the anode electrode of the
second light-emitting device are connected to each other;
second dropping voltages of the anode electrodes of the first
and second light-emitting devices to voltages less than or
equal to that of the cathode electrodes of the first and second
light-emitting devices, respectively; and second storing a sec-
ond threshold voltage of the second driving transistor in a
state where the anode electrode of the first light-emitting
device and the anode electrode of the second light-emitting
device are connected to each other.

[0026] The first dropping voltages, the first storing the first
threshold voltage, the second dropping voltages, and the sec-
ond storing the second threshold voltage may be sequentially
performed within one frame of light-emitting.

[0027] The method may further include: turning the first
and second driving transistors on before the first dropping
voltages; applying firstand second data signals to the first and
second pixels, respectively, after the second storing the sec-
ond threshold voltage; and controlling the first and second
light-emitting devices to concurrently emit lights having
brightnesses corresponding to the first and second data sig-
nals, respectively.

[0028] The organic light-emitting display apparatus may
further include a third pixel including a third light-emitting
device and a third driving transistor configured to output a
third driving current to the third light-emitting device, and the
method may further include: third dropping voltages of anode
electrodes of the first, second, and third light-emitting devices
to voltages less than or equal to that of cathode electrodes of
the first, second, and third light-emitting devices, respec-
tively; and a third storing a third threshold voltage of the third
driving transistor in a state where the anode electrodes of the
first, second, and third light-emitting devices are connected to
each other, wherein in the first and second dropping voltages,
the voltages of the anode electrodes of the first, second, and
third light-emitting devices may be respectively dropped to
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the voltages less than or equal to that of the cathode electrodes
of the first, second, and third light-emitting devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

[0030] FIG. 1 illustrates a block diagram of an organic
light-emitting display apparatus according to an exemplary
embodiment of the inventive concept;

[0031] FIG. 2 illustrates a block diagram of pixels (P1 and
P2)inthe organic light-emitting display apparatus, according
to an exemplary embodiment of the inventive concept;
[0032] FIG. 3 illustrates a circuit diagram of pixels (P1 and
P2)in the organic light-emitting display apparatus, according
to an exemplary embodiment of the inventive concept;
[0033] FIG. 4 illustrates a timing diagram of one frame
section of the organic light-emitting display apparatus,
according to an exemplary embodiment of the inventive con-
cept; and

[0034] FIG. Sillustrates a circuit diagram of pixels (P1 and
P2)in the organic light-emitting display apparatus, according
to another exemplary embodiment of the inventive concept.

DETAILED DESCRIPTION

[0035] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
inventive concept may be embodied in various different forms
and should not be construed as being limited to the illustrated
embodiments set forth herein. Rather, these embodiments are
provided as examples so that this disclosure will be thorough
and complete, and will fully convey the aspects and features
of the present inventive concept to those skilled in the art.
Accordingly, the exemplary embodiments are merely
described below, by referring to the figures, to explain aspects
and features of the inventive concept, and processes, ele-
ments, and techniques that are not necessary to those having
ordinary skill in the art for a complete understanding of the
aspects and features of the inventive concept may not be
described. Unless otherwise noted, like reference numerals
denote like elements throughout the attached drawings and
the written description, and thus, descriptions thereof may not
be repeated.

[0036] In the drawings, the relative sizes of elements, lay-
ers, and regions may be exaggerated for clarity. Spatially
relative terms, such as “beneath,” “below,” “lower,” “under,”
“above,” “upper,” and the like, may be used herein for ease of
explanation to describe one element or feature’s relationship
to another element(s) or feature(s) as illustrated in the figures.
It will be understood that the spatially relative terms are
intended to encompass different orientations of the device in
use or in operation, in addition to the orientation depicted in
the figures. For example, if the device in the figures is turned
over, elements described as “below” or “beneath” or “under”
other elements or features would then be oriented “above” the
other elements or features. Thus, the example terms “below”
and “under” can encompass both an orientation of above and
below. The device may be otherwise oriented (e.g., rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein should be interpreted accordingly.
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[0037] Ttwill be understood that although the terms “first”,
“second”, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another. As used herein, the singular forms
“a” and “an” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be fur-
ther understood that the terms “comprises,” “comprising,”
“includes,” and “including” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0038] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0039] It will be understood that when an element or layer
is referred to as being “on,” “connected to,” or “coupled to”
another element or layer, it can be directly on, connected to, or
coupled to the other element or layer, or one or more intet-
vening elements or layers may be present. In addition, it will
also be understood that when an element or layer is referred to
as being “between” two elements or layers, it can be the only
element or layer between the two elements or layers, or one or
more intervening elements or layers may also be present.

[0040] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the inher-
ent deviations in measured or calculated values that would be
recognized by those of ordinary skill in the art. Further, the
use of “may” when describing embodiments of the present
invention refers to “one or more embodiments of the present
invention.” As used herein, the terms “use,” “using,” and
“used” may be considered synonymous with the terms “uti-
lize,” “utilizing,” and “utilized,” respectively. Also, the term
“exemplary” is intended to refer to an example or illustration.

[0041] The electronic or electric devices and/or any other
relevant devices or components according to embodiments of
the present invention described herein may be implemented
utilizing any suitable hardware, firmware (e.g. an application-
specific integrated circuit), software, or a combination of
software, firmware, and hardware. For example, the various
components of these devices may be formed on one inte-
grated circuit (IC) chip or on separate IC chips. Further, the
various components of these devices may be implemented on
a flexible printed circuit film, a tape carrier package (TCP), a
printed circuit board (PCB), or formed on one substrate.
Further, the various components of these devices may be may
be a process or thread, running on one or more processors, in
one or more computing devices, executing computer program
instructions and interacting with other system components
for performing the various functionalities described herein.
The computer program instructions are stored in a memory
which may be implemented in a computing device using a
standard memory device, such as, for example, a random
access memory (RAM). The computer program instructions
may also be stored in other non-transitory computer readable
media such as, for example, a CD-ROM, flash drive, or the
like. Also, a person of skill in the art should recognize that the
functionality of various computing devices may be combined
or integrated into a single computing device, or the function-
ality of a particular computing device may be distributed
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across one or more other computing devices without depart-
ing from the spirit and scope of the exemplary embodiments
of the present invention.

[0042] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and/or the present specification, and should not be interpreted
in an idealized or overly formal sense, unless expressly so
defined herein.

[0043] FIG. 1 illustrates a block diagram of an organic
light-emitting display apparatus 100 according to an exem-
plary embodiment of the inventive concept.

[0044] Referring to FIG. 1, the organic light-emitting dis-
play apparatus 100 may include a display panel 110, a driving
control unit (e.g., a driving controller) 120, a scan driving unit
(e.g.,ascan driver) 130, adata driving unit (e.g., a data driver)
140, a control line driving unit (e.g., a control line driver) 150,
and a power source unit (or power supply) 160. The driving
control unit 120, the scan driving unit 130, the data driving
unit 140, and the control line driving unit 150 may be respec-
tively formed in separate semiconductor chips, or may be
integrated in one semiconductor chip. The organic light-emit-
ting display apparatus 100 may be, for example, an electronic
device capable of displaying images, such as a smartphone, a
tablet PC, a laptop computer, a monitor, and/or a TV.

[0045] In the display panel 110, a plurality of (first and
second) pixels P1 and P2 connected to a plurality of (first to
nth) scan lines CL1 to CLn extending along a row direction
(e.g., a horizontal direction in FIG. 1) and to a plurality of
(first to (m+1)th) data lines DL1 to DLm+1 extending along a
column direction (e.g., a vertical direction in FIG. 1) may be
arranged.

[0046] The first and second pixels P1 and P2 adjacent to
each other may be connected to each other through a switch
circuit SC. The first pixels P1 may be connected to a first
control line GCL1, and the second pixels P2 may be con-
nected to a second control line GCL2.

[0047] Although FIG. 1 shows that one switch circuit SC is
connected to one first pixel P1 and one second pixel P2, the
present inventive concept is not limited thereto, and one
switch circuit SC may be connected to three or more (e.g.,
four) pixels.

[0048] Pixels connected to one switch circuit SC are con-
trolled through different control lines, respectively. That is,
when four pixels are connected to one switch circuit SC, the
four pixels may be controlled through four different control
lines, respectively.

[0049] The number of control lines may be the same as the
number of pixels connected to one switch circuit SC. For
example, when one first pixel P1 and one second pixel P2 are
connected to one switch circuit SC as in the display panel 110
shown in FIG. 1, two control lines (e.g., the first control line
GCL1 and the second control line GCL2) may be used. In this
case, the first control line GCL1 may be connected to the first
pixel P1, and the second control line GCL2 may be connected
to the second pixel P2. Hereinafter, examples in which two
pixels (e.g., P1 and P2) are connected to one switch circuit SC
will be described. However, it will be understood by those of
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ordinary skill in the art that the inventive concept could be
applied to cases where three or more pixels are connected to
one switch circuit SC.

[0050] Although FIG. 1 shows the first to nth scan lines
CL1 to CLn as single signal lines for convenience, each of the
first to nth scan lines CLL1 to CLn may include a plurality of
signal lines. For example, the first scan line CL1 may include
at least one of signal lines for respectively transferring an
initialization control signal, an emission control signal, and
an anode initialization control signal.

[0051] A unit pixelmay include a plurality of sub-pixels for
respectively displaying a plurality of colors in order to display
various colors. In the specification, a pixel (e.g., P1 or P2)
mainly indicates one unit sub-pixel. However, the inventive
concept is not limited thereto, and a pixel (e.g., P1 or P2) may
indicate one unit pixel including a plurality of sub-pixels.
That is, in the specification, even when it is described that one
pixel (e.g.. P1 or P2) exists, it may be analyzed that one
sub-pixel exists, or it may be analyzed that a plurality of
sub-pixels forming one unit pixel exists.

[0052] The driving control unit 120 may control the scan
driving unit 130, the data driving unit 140, the control line
driving unit 150, and the power source unit 160.

[0053] The driving control unit 120 may generate first,
second, third, and fourth driving control signals CON1,
CON2, CON3, and CON4 and digital image data DATA
based on a horizontal synchronization signal and a vertical
synchronization signal.

[0054] The driving control unit 120 may provide the first
driving control signal CONT1 to the scan driving unit 130, the
second driving control signal CON2 to the control line driv-
ing unit 150, the third driving control signal CON3 and the
digital image data DATA to the data driving unit 140, and the
fourth driving control signal CON4 to the power source unit
160.

[0055] The scan driving unit 130 may provide control sig-
nals to pixels (e.g., P1 and P2) through the first to nth scan
lines CL1 to CLn.

[0056] The data driving unit 140 may provide data signals
to the pixels (e.g., P1 and P2) through the first to (m+1 )th data
lines DL1 to DLm+1.

[0057] The control line driving unit 150 may provide a
control signal to the first pixels P1 through the first control
line GCL1 and provide a control signal to the second pixels
P2 through the second control line GCL2.

[0058] The power source unit 160 may apply a first power
source voltage ELVDD and/or a second power source voltage
ELVSS to the pixels (e.g., P1 and P2).

[0059] In the present specification, the term “correspond-
ing” or “in correspondence with” may indicate an arrange-
ment in a same column or row according to the context. For
example, the wording “a first member is connected to a cor-
responding one of a plurality of second members” indicates
that the first member is connected to a second member
arranged in the same column or row as the first member.
[0060] FIG. 2 illustrates a block diagram of pixels (P1 and
P2) in the organic light-emitting display apparatus 100,
according to an exemplary embodiment of the inventive con-
cept.

[0061] Referring to FIG. 2, each of the first and second
pixels P1 and P2 includes a first or second pixel circuit PC1 or
PC2, and a first or second light-emitting device E1 or E2 for
emitting light by receiving a driving current from the first or
second pixel circuit PC1 or PC2.
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[0062] The first or second pixel P1 or P2, or each of the first
and second pixels P1 and P2, may include one or more thin-
film transistors (TFTs) and capacitors. The first or second
pixel P1 or P2, or each of the first and second pixels P1 and P2,
may emit light of a color of red, green, blue, or white. How-
ever, the present inventive concept is not limited thereto, and
the first or second pixel P1 or P2, or both the first and second
pixels P1 and P2, may emit light of a color other than red,
green, blue, and white.

[0063] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, is con-
nected to a power source line ELVDDL, a first or second data
line DL1 or DL.2 arranged in the same column as the first or
second pixel P1 or P2, ascan line CL arranged in the same row
as the first or second pixel P1 or P2, and the first or second
control line GCL1 or GCL2. The first or second pixel circuit
PC1 or PC2, or each of the first and second pixel circuits PC1
and PC2, receives the first power source voltage ELVDD
through the power source line ELVDDL, receives a data
signal D1 or D2 through the first or second data line DL1 or
DL2, and receives a scan signal C through the scan line CL.
The first pixel circuit PC1 receives a first control signal GC1
through the first control line GCL1, and the second pixel
circuit PC1 receives a second control signal GC2 through the
second control line GCL2.

[0064] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes a
driving transistor for transferring a driving current corre-
sponding to the data signal D1 or D2 to an output node of the
first or second pixel circuit PC1 or PC2.

[0065] Thefirstorsecond light-emitting device E1 or E2, or
each of the first and second light-emitting devices E1 and E2,
may include an organic light emitting diode (OLED) having
an anode electrode connected to an output node of the first or
second pixel circuit PC1 or PC2, and a cathode electrode to
which the second power source voltage ELVSS is supplied.
[0066] A switch circuit SC is connected between the anode
electrodes of the first and second light-emitting devices E1
and E2, which are respectively connected to the output nodes
of the first and second pixel circuits PC1 and PC2.

[0067] The switch circuit SC may include one or more
TFTs. The TFTs included in the switch circuit SC may have
the same sizes and characteristics as those included in the first
and/or second pixel circuit PC1 or PC2. According to another
embodiment, the TFTs included in the switch circuit SC may
have different sizes and characteristics from those of the TFTs
included in the first and/or second pixel circuit PC1 or PC2.
[0068] The switch circuit SC is connected to the first or
second control line GCL1 or GCL2, or both the first and
second control lines GCL1 and GCL2, and receives the first or
second control signal GC1 or GC2 through the first or second
control line GCL1 or GCL2.

[0069] The switch circuit SC may include a first transistor
TRc1 controlled by the first control signal, and a second
transistor TR¢2 controlled by the second control signal GC2.
[0070] FIG. 3 illustrates a circuit diagram of pixels (P1 and
P2) in the organic light-emitting display apparatus 100,
according to an exemplary embodiment of the inventive con-
cept.

[0071] The pixels (P1 and P2) shown in FIG. 3 are the first
pixel P1 located in an nth row and an mth column and the
second pixel P2 located in an nth row and an (m+1)th column
in correspondence with the first pixel P1.
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[0072] The first and second pixels P1 and P2 are connected
to a scan line corresponding to the nth row, and receive an nth
scan signal Scan[n]. The first power source voltage ELVDD
and the second power source voltage ELVSS are applied to
the first and second pixels P1 and P2. The first pixel P1 is
connected to a data line corresponding to the mth column, and
receives an mth data signal Vdata[m] synchronized with the
nth scan signal Scan[n]. The second pixel P2 is connected to
adataline corresponding to the (m+1)th column, and receives
an (m+1)th datasignal Vdata[m+1] synchronized with the nth
scan signal Scan[n]. The first pixel P1 receives the first control
signal GC1 through the first control line GCL1, and the sec-
ond pixel circuit PC1 receives the second control signal GC2
through the second control line GCL2.

[0073] Each of the first and second pixels P1 and P2
includes the first or second pixel circuit PC1 or PC2, and the
first or second light-emitting device E1 or E2 for emitting
light by receiving a driving current from the first or second
pixel circuit PC1 or PC2.

[0074] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes a
switching transistor TRs. The switching transistor TRs trans-
fers the mth or (m+1)th data signal Vdata[m] or Vdata[m+1]
to a first or second node Nol or No2 in response to the nth
scan signal Scan[n]. For example, when the switching tran-
sistor TRs is a P-type metal oxide semiconductor field effect
transistor (MOSFET), the switching transistor TRs may be
turned on in response to the nth scan signal Scan[n] of a low
level.

[0075] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes a
data storage capacitor Cst. The data storage capacitor Cst
stores a voltage corresponding to the mth or (m+1)th data
signal Vdata|m] or Vdata[m+1].

[0076] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes a
first or second driving transistor TRd1 or TRd2 for generating
the driving current based on the voltage stored in the data
storage capacitor Cst. The first or second driving transistor
TRd1 or TRd2, or each of the first and second driving tran-
sistors TRd1 and TRd2, includes a first electrode to which the
first power source voltage ELVDD is applied, and a second
electrode connected to the anode electrode of the first or
second light-emitting devices E1 or E2.

[0077] Thedatastorage capacitor Cst of each of the firstand
second pixel circuits PC1 or PC2 is connected to the first or
second node Nol or No2 and the first electrode of the first or
second driving transistor TRd1 or TRd2.

[0078] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes a
first or second threshold voltage storage capacitor Cvthl or
Cvth2 for storing a threshold voltage of the first or second
driving transistor TRd1 or TRd2.

[0079] The first or second threshold voltage storage capaci-
tor Cvthl or Cvth2, or each of the first and second threshold
voltage storage capacitors Cvthl and Cvth2, stores a value
including the threshold voltage of the first or second driving
transistor TRd1 or TRd2.

[0080] The first or second threshold voltage storage capaci-
tor Cvthl or Cvth2, or each of the first and second threshold
voltage storage capacitors Cvthl and Cvth2, is connected
between the first or second node Nol or No2 and a gate of the
first or second driving transistor TRd1 or TRd2.
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[0081] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes a
first or second transistor TRgcl or TRge2 for diode-connect-
ing the first or second driving transistor TRd1 or TRd2 in
response to the first or second control signal GC1 or GC2.
That is, the first or second transistor TRgel or TRge2 con-
nects the gate of the first or second driving transistor TRd1 or
TRd2 and the second electrode of the first or second driving
transistor TRA1 or TRd2 in response to the first or second
control signal GC1 or GC2.

[0082] The switch circuit SC is connected between the
anode electrodes of the first and second light-emitting devices
El and E2.

[0083] The switch circuit SC includes first and second con-
nection transistors TRc1 and TRc2 for connecting the anode
electrodes of the first and second light-emitting devices E1
and E2 to each other.

[0084] The first and second connection transistors TRcl
and TRc2 are connected in parallel to each other.

[0085] The first transistor TRgc1 and the first connection
transistor TRe1 are controlled by the first control signal GC1,
and the second transistor TRgc2 and the second connection
transistor TRc2 are controlled by the second control signal
GC2.

[0086] Thefirst or second driving transistor TRd1 or TRd2,
or both the first and second driving transistors TRd1 and
TRd2. the switching transistors TRs, and the first or second
connection transistor TRc1 or TRc2, or both the first and
second connection transistors TRc1 and TRc2, may be P-type
MOS transistors.

[0087] An operation ofthe firstand second pixels P1 and P2
according to the circuit diagram of FIG. 3 will now be
described.

[0088] The first and second pixels P1 and P2 according to
the circuit diagram of FIG. 3 are driven by the driving control
unit 120 shown in FIG. 1. An operation of the first and second
pixels P1 and P2 will now be described with reference to FIG.
4.

[0089] Thedriving control unit 120 may control the second
power source voltage ELVSS to be at a high level to perform
an emission-off operation Off of turning emission of the first
and second pixels P1 and P2 off. In the emission-off operation
Off, the first and second driving transistors TRd1 and TRd2
may be turned on.

[0090] The driving control unit 120 may control the first
power source voltage ELVDD to be at a low level to perform
a first initialization operation Resetl of dropping voltages of
the anode electrodes of the first and second light-emitting
devices E1 and E2 to voltages less than or equal to that of the
cathode electrodes thereof through the turned-on first and
second driving transistors TRd1 and TRd2, respectively.
[0091] The driving control unit 120 may perform a first
threshold voltage correction operation Vthl of storing the
threshold voltage of the first driving transistor TRd1 in the
first driving transistor storage capacitor Cvth1 in a state where
the anode electrodes of the first and second light-emitting
devices E1 and E2 are connected to each other, in response to
the first control signal GC1. In the first threshold voltage
correction operation Vth1, the threshold voltage of the first
driving transistor TRd1 is stored in the first driving transistor
storage capacitor Cvthl, and a detailed description thereof
will be described below with reference to FIG. 4.

[0092] The driving control unit 120 may perform a second
initialization operation Reset2 of controlling the first power
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source voltage ELVDD to be at the low level, turning the first
and second driving transistors TRd1 and TRd2 on, and drop-
ping the voltages of the anode electrodes of the first and
second light-emitting devices E1 and E2 to voltages less than
or equal to that of the cathode electrodes thereof through the
turned-on first and second driving transistors TRdl and
TRd2, respectively, as described in the first initialization
operation Resetl.

[0093] The driving control unit 120 may perform a second
threshold voltage correction operation Vth2 of storing the
threshold voltage of the second driving transistor TRd2 in the
second driving transistor storage capacitor Cvth2 in a state
where the anode electrodes of the first and second light-
emitting devices E1 and E2 are connected to each other, in
response to the second control signal GC2. In the second
threshold voltage correction operation Vth2, the threshold
voltage of the second driving transistor TRd2 is stored in the
second driving transistor storage capacitor Cvth2, and a
detailed description thereof will be described below with
reference to F1G. 4

[0094] The driving control unit 120 may perform a scan
operation Scan of applying the mth and (m+1)th data signals
Vdata[m] and Vdata[m+1] to the first and second pixel cir-
cuits PC1 and PC2, respectively. In the scan operation Scan,
the scan driving unit 130 sequentially drives the first to nth
scan lines SL1 to SLn, and the data driving unit 140 provides
data signals to all first and second pixels P1 and P2 in the
display panel 110 through the first to mth data lines DL1 to
DLm.

[0095] The driving control unit 120 may perform an emis-
sion operation Emission of controlling the first and second
light-emitting devices E1 and E2 to concurrently (e.g., simul-
taneously) emit lights having brightnesses corresponding to
the mth and (m+1)th data signals Vdata[m] and Vdata[m+1],
respectively. All the first and second pixels P1 and P2 in the
display panel 110 start emission when (e.g., as soon as) the
second power source voltage ELVSS is changed to the low
level.

[0096] The driving control unit 120 shown in FIG. 1 may
sequentially perform the emission-off operation Off, the first
initialization operation Resetl, the first threshold voltage cor-
rection operation Vthl, the second initialization operation
Reset2, the second threshold voltage correction operation
Vth2, the scan operation Scan, and the emission operation
Emission within one frame.

[0097] FIG. 4 illustrates a timing diagram of one frame
section of the organic light-emitting display apparatus 100,
according to an exemplary embodiment of the inventive con-
cept.

[0098] The operation of the first and second pixels P1 and
P2 according to the embodiment of FIG. 3 will now be
described in more detail with reference to FIG. 4.

[0099] The first and second pixels P1 and P2 perform the
emission-off operation Off.

[0100] When the second power source voltage ELVSS is
changed from the low level (e.g., ELVSS_L) to the high level
(e.g., ELVSS_H), the emission-off operation Off starts, and
all the first and second pixels P1 and P2 stop emission. At this
time, the first power source voltage ELVDD is applied at the
high level (e.g., ELVDD_H), the first to nth scan signals
Scan[1] to Scan|n] are applied at the high level (e.g., Scan_
H), and the first and second control signals GC1 and GC2 are
applied at the high level (e.g., GC_H). Since the first to nth
scan signals Scan[1] to Scan[n] are applied at the high level
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(e.g., Scan_H), the switching transistors TRs are turned off.
The high level indicates a voltage level for turning a transistor
off, and the low level indicates a voltage level for turning a
transistor on. However, the present inventive concept is not
limited thereto.

[0101] A voltage level of the high level ELVSS_H of the
second power source voltage ELVSS may be the same or
substantially the same as a voltage level of the high level
ELVDD_H of the first power source voltage ELVDD so that
emission of the first and second pixels P1 and P2 are off. For
example, a difference between a voltage value of the high
level ELVDD_H of the first power source voltage ELVDD
and a voltage value of the high level ELVSS_H of the second
power source voltage ELVSS may be less than threshold
voltages of the first and second light-emitting devices E1 and
E2. As aresult, when the second power source voltage ELVSS
is changed to the high level ELVSS_H, a driving current
flowing through the first and second light-emitting devices E1
and E2 is reduced (e.g., sharply reduced).

[0102] The emission-off operation Off is an operation for
black insertion or dimming after an emission operation, and a
voltage between both electrodes of the first or second light-
emitting device E1 or E2, or a voltage between respective
electrodes of the first and second light-emitting devices E1
and E2, drops to an emission-off voltage. e.g., a voltage lower
than the threshold voltage of the first or second light-emitting
device E1 or E2, within a short time, e.g., 10 us.

[0103] After the emission is off, the first to nth scan signals
Scan[1] to Scan[n] are changed from the high level Scan_H to
the low level (e.g., Scan_L), and a data switch signal SUS_
ENB is changed from the high level to the low level. Accord-
ingly, aninitialization voltage Von is applied to adataline DL.
When the data switch signal SUS_ENB is applied at the high
level, the mth or (m+1)th data signal Vdata[m] or Vdata[m+1]
or a reference voltage Vsus is applied to the data line DL.
When the data switch signal SUS_ENB is applied at the low
level, the initialization voltage Von is applied to the data line
DL.

[0104] Since the first to nth scan signals Scan[1] to Scan[n]
are applied at the low level Scan_L, the switching transistors
TRs are turned on, and the initialization voltage Von is applied
to the first and second nodes Nol and No2. The initialization
voltage Von +, which is a voltage stored in the first or second
threshold voltage storage capacitor Cvthl or Cvth2 (herein-
after, referred to as threshold storage voltage Vevth), is
applied to the gates of the first and second driving transistors
TRd1 and TRd2. The first and second driving transistors
TRd1 and TRd2 are turned on, and a screen cloud effect due
to a hysteresis phenomenon of the first and second driving
transistors TRd1 and TRd2 may be offset.

[0105] The initialization voltage Von may be set so that the
initialization voltage Von +, which is the threshold storage
voltage Vevth applied to the gates of the first and second
driving transistors TRd1 and TRd2, turn the first and second
driving transistors TRd1 and TRd2 on.

[0106] Next, after the emission off, the first and second
pixels P1 and P2 perform an initialization operation and a
threshold voltage correction. The initialization operation and
the threshold voltage correction operation are repeated as
many times as the number of pixels connected to the switch
circuit SC. For example, as shown in FIG. 4, since two pixels
(P1 and P2) are connected to each other through the switch
circuit SC, each of the initialization operation and the thresh-
old voltage correction operation is repeated two times.
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[0107] In the first initialization operation Resetl, the first
power source voltage ELVDD is changed from the high level
ELVDD_H to the low level (e.g., ELVDD_L). The second
power source voltage ELVSS is applied at the high level
ELVSS_H. the first to nth scan signals Scan[1] to Scan[n] are
applied at the low level Scan_L, the first and second control
signals GC1 and GC2 are applied at the high level GC_H, and
the initialization voltage Von is applied to the data line DL. By
the first initialization operation Resetl, potentials of the
anode electrodes of the first and second light-emitting devices
E1 and E2 are initialized to about the low level ELVDD L.

[0108] Since the first power source voltage ELVDD is
changed from the high level ELVDD_H to the low level
ELVDD_L in a state where the first and second driving tran-
sistors TRd1 and TRd2 are turned on, a voltage of the low
level ELVDD_L (for example, a voltage obtained by adding
the threshold voltage of the first or second driving transistor
TRd1 or TRA2 to the voltage of the low level ELVDD_L) is
applied to the anode electrode of the first or second light-
emitting device E1 or E2. A voltage value of the low level
ELVDD_L may be set to be less than a voltage value of the
high level ELVDD_H. Since the second power source voltage
ELVSS of the high level ELVSS_H is applied to the cathode
electrode of the first or second light-emitting device E1 or E2,
the potential of the anode electrode of the first or second
light-emitting device E1 or E2 may be lower than that of the
cathode electrode of the first or second light-emitting device
ElorE2.

[0109] In the first threshold voltage correction operation
Vthl, the first power source voltage ELVDD 1s changed from
the low level ELVDD_L to the high level ELVDD_H. The
second power source voltage ELVSS is applied at the high
level ELVSS_H, the first to nth scan signals Scan[1] to Scan
[n] are applied at the low level Scan_L, the first control signal
GC1 is changed from the high level GC_H to the low level
(e.g., GC_L), and the second control signal GC2 is applied at
the high level GC_H. Since the data switch signal SUS_ENB
is changed from the low level to the high level, the reference
voltage Vsus is applied to the data line DL.

[0110] Since the reference voltage Vsus is applied to the
data line DL in a state where the switching transistors TRs are
turned on, a potential of the first or second node Nol or No2,
or both the first and second nodes No1 and No2, is changed to
the reference voltage Vsus.

[0111] Since the first control signal GC1 is applied at the
low level GC_L, the first transistor TRgel is turned on,
thereby diode-connecting the first driving transistor TRd1 by
electrically connecting the gate and the second electrode of
the first driving transistor TRd1 to each other. Since the first
power source voltage ELVDD of the high level ELVDD_H is
applied in a state where the first driving transistor TRd1 is
turned on, the potential of the anode electrode of the first
light-emitting device E1 starts increasing from the low level
ELVDD_L. The potential of the anode electrode of the first
light-emitting device E1, e.g., a potential of the gate of the
first driving transistor TRd1, reaches the high level ELVDD _
H+the threshold voltage of the first driving transistor TRd1,
and the first driving transistor TRd1 is turned off. Since a
current flow through the first driving transistor TRd1 is
blocked, the potential of the gate of the first driving transistor
TRd1 becomes the high level ELVDD_H+the threshold volt-
age (hereinafter, referred to as a “first threshold voltage Vth_
1”) of the first driving transistor TRdI.
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[0112] A voltage (e.g., Vevthl) between ends of the first
threshold voltage storage capacitor Cvthl is a difference
between the potential of the gate of the first driving transistor
TRd1 and the potential of the first node No1, and becomes the
high level ELVDD_H-+the first threshold voltage Vth_1 of the
first driving transistor TRd1-the reference voltage Vsus. The
first threshold voltage storage capacitor Cvthl may store the
first threshold voltage Vth_1 of the first driving transistor
TRd1.

[0113] Along with an increase in resolution of an organic
light-emitting display apparatus, the first light-emitting
device F1 is miniaturized, and a capacitance of a parasitic
capacitor Coled of the first light-emitting device E1, which is
a capacitance from the second electrode of the first driving
transistor TRd1 to the first light-emitting device E1, may be
reduced. Due to the reduced capacitance of the parasitic
capacitor Coled, the potential of the anode electrode of the
first light-emitting device E1 increases (e.g., impulsively
increases) from the low level ELVDD_L to the high level
ELVDD_H-+the first threshold voltage Vth_1 of the first driv-
ing transistor TRd1 during the first threshold voltage correc-
tion operation Vthl, and a magnitude of a current flowing
through the first driving transistor TRd1 is less (e.g., signifi-
cantly less) than a magnitude of a current during actual driv-
ing of the first driving transistor TRd1. As a result, the first
threshold voltage Vth_1 of the first driving transistor TRdl,
which is lower than a threshold voltage Vth of the first driving
transistor TRd1 during actual driving of the first driving tran-
sistor TRd1, may be stored in the first threshold voltage
storage capacitor Cvth1. That is, a compensation point of the
threshold voltage Vth of the first driving transistor TRd1 may
be lowered.

[0114] When acompensation point of a threshold voltage is
lowered, a threshold voltage difference between driving tran-
sistors may not be accurately compensated for, and thus, a
brightness difference between light-emitting devices may
occur, which may be observed by a viewer.

[0115] According to the present embodiment, in response
to the first control signal GC1 of the low level GC_L, during
the first threshold voltage correction operation Vth1, the first
connection transistor TRc1 is turned on, and the anode elec-
trode of the first light-emitting device E1 and the anode elec-
trode of the second light-emitting device E2 are connected to
each other. Accordingly, a capacitance from the second elec-
trode of the first driving transistor TRd1 to the first and second
light-emitting devices F1 and E2 increases to a sum of capaci-
tances of parasitic capacitors Coled of the first and second
light-emitting devices E1 and E2, e.g., 2xColed. At the
moment when the potential of the anode electrode of the first
light-emitting device E1 increases from the low level
ELVDD_L to the high level ELVDD_H+the first threshold
voltage Vth_1 of the first driving transistor TRd1 during the
first threshold voltage correction operation Vth1, amagnitude
of a current flowing through the first driving transistor TRd1
also increases due to the increased capacitance 2xColed of the
parasitic capacitors Coled. The magnitude of the current
flowing through the first driving transistor TRd1 may be set so
as to be the same or substantially the same as a magnitude of
a current during actual driving of the first driving transistor
TRd1. Therefore, the first threshold voltage Vth_1 of the first
driving transistor TRd1, whichis the same or substantially the
same as the threshold voltage Vth of the first driving transistor
TRd1 during actual driving of the first driving transistor
TRd1. may be stored in the first threshold voltage storage
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capacitor Cvth1. Accordingly, a threshold voltage difference
between driving transistors may be accurately compensated
for, and thus, a brightness difference between light-emitting
devices may be reduced or removed, and a high-quality image
may be observed by a viewer.

[0116] In the second initialization operation Reset2, the
first power source voltage ELVDD is changed from the high
level ELVDD _H to the low level ELVDD L. The second
power source voltage ELVSS is applied at the high level
ELVSS_H. the first to nth scan signals Scan[1] to Scan[n] are
applied at the low level Scan_L, the first and second control
signals GC1 and GC2 are applied at the high level GC_H, and
the initialization voltage Von is applied to the data line DL by
the data switch signal SUS_ENB of the low level.

[0117] Since the initialization voltage Von is applied to the
dataline DL, the firstand second driving transistors TRd1 and
TRd2 are turned on, and since the first power source voltage
ELVDD is changed from the high level ELVDD_H to the low
level ELVDD_L, potentials of the second electrodes of the
first and second driving transistors TRd1 and TRd2 reach the
low level ELVDD_L +a threshold voltage value of the first or
second driving transistor TRd1 or TRd2. The potentials of the
anode electrodes of the first and second light-emitting devices
F1 and E2 connected to the second electrodes of the first and
second driving transistors TRd1 and TRd2 are lower than the
potentials of the cathode electrodes of the first and second
light-emitting devices E1 and E2, respectively.

[0118] After the first threshold voltage correction opera-
tion, the potentials of the anode electrodes of the first and
second light-emitting devices E1 and E2 increase to the high
level ELVDD_H4+the first threshold voltage Vth_1 of the first
driving transistor TRd1. By the second initialization opera-
tion Reset2, the potentials of the anode electrodes of the first
and second light-emitting devices E1 and E2 are initialized to
about the low level ELVDD_L.

[0119] Inthe second threshold voltage correction operation
Vth2, the first power source voltage ELVDD 1s changed from
the low level ELVDD_L to the high level ELVDD_H. The
second power source voltage ELVSS i1s applied at the high
level ELVSS_H, and the first to nth scan signals Scan[1] to
Scan[n] are applied at the low level Scan_L. The second
control signal GC2 is changed from the high level GC_H to
the low level GC_L, and the first control signal GC1 is applied
at the high level GC_H. The reference voltage Vsus is applied
to the data line DL by the data switch signal SUS_ENB of the
high level.

[0120] Since the reference voltage Vsus is applied to the
data line DL in a state where the switching transistors TRs are
turned on, the potential of the first or second node Nol or
No2, or both the first and second nodes Nol and No2, is
changed to the reference voltage Vsus.

[0121] Sincethe second control signal GC2 isapplied atthe
low level GC_L, the second transistor TRgc2 is turned on,
thereby diode-connecting the second driving transistor TRd2
by electrically connecting the gate and the second electrode of
the second driving transistor TRd2 to each other.

[0122] Since the first power source voltage ELVDD of the
high level ELVDD_H is applied in a state where the second
driving transistor TRd2 is turned on, the potential of the anode
electrode of the second light-emitting device E2 starts
increasing from the low level ELVDD_L. The potential of the
anode electrode of the second light-emitting device E2, e.g,,
a potential of the gate of the second driving transistor TRd2,
reaches the high level ELVDD_H+the threshold voltage of
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the second driving transistor TRd2, and the second driving
transistor TRd2 is turned off. Since a current flow through the
second driving transistor TRd2 is blocked, the potential of the
gate of the second driving transistor TRd2 becomes the high
level ELVDD_H+the threshold voltage (hereinafter, referred
to as “second threshold voltage Vth_2") of the second driving
transistor TRd2.

[0123] A voltage (e.g., Vevth2) between ends of the second
threshold voltage storage capacitor Cvth2 is a difference
between the potential of the gate of the second driving tran-
sistor TRd2 and the potential of the second node No2, and
becomes the high level ELVDD_H+the second threshold
voltage Vth_2 of the second driving transistor TRd2-the ref-
erence voltage Vsus.

[0124] The second threshold voltage storage capacitor
Cvth2 may store the second threshold voltage Vth_2 of the
second driving transistor TRd2.

[0125] Indetail, a voltage value stored in the first or second
threshold voltage storage capacitor Cvthl or Cvth2 of the first
or second pixel P1 or P2 through the first and second thresh-
old voltage correction operations Vthl and Vth2 may be
Vevth1=ELVDD _H+Vth_1-Vsus or Vevth2=ELVDD_H+
Vth_2-Vsus. Values of ELVDD_H and Vsus may be applied
from the first power source line ELVDDL and the data line
DL, respectively, and a value of Vth_1 or Vth_2 is derived
from the first or second driving transistor TRd1 or TRd2, and
thus, a meaningful term in Vevth1=ELVDD_H+Vth_1-Vsus
or Vevth2=ELVDD_H+Vth_2-Vsus, for threshold voltage
correction between the first and second pixels P1 and P2 may
correspond to Vth_1 or Vth_2. That is, since the first or
second threshold voltage storage capacitor Cvthl or Cvth2
stores the value of the first or second threshold voltage Vth_1
or Vth_2 of the first or second driving transistor TRd1 or
TRd2 for the threshold voltage correction, it may be consid-
ered that the first or second threshold voltage storage capaci-
tor Cvthl or Cvth2 substantially stores the threshold voltage
of the first or second driving transistor TRd1 or TRd2.
[0126] Hereinafter, although only “threshold voltage Vth”
is expressed, it is to be understood that the threshold voltage
Vth indicates the first or second threshold voltage Vth_1 or
Vth_2 to which a variation substantially existing between the
first and second driving transistors TRd1 and TRd2 is
reflected.

[0127] Along with an increase in resolution of an organic
light-emitting display apparatus, the second light-emitting
device E2 1s miniaturized, and a capacitance of the parasitic
capacitor Coled of the second light-emitting device E2, which
is a capacitance from the second electrode of the second
driving transistor TRd2 to the second light-emitting device
E2,is reduced. Due to the reduced capacitance of the parasitic
capacitor Coled, the potential of the anode electrode of the
second light-emitting device E2 increases (e.g., impulsively
increases) from the low level ELVDD_L to the high level
ELVDD_H+the second threshold voltage Vth_2 of the sec-
ond driving transistor TRd2 during the second threshold volt-
age correction operation Vth2, and a magnitude of a current
flowing through the second driving transistor TRd2 is less
(e.g., significantly less) than a magnitude of a current during
actual driving of the second driving transistor TRd2. As a
result, the second threshold voltage Vth_2 of the second driv-
ing transistor TRd2, which is lower than a threshold voltage
Vth of the second driving transistor TRd2 during actual driv-
ing of the second driving transistor TRd2, may be stored in the
second threshold voltage storage capacitor Cvth2. That is, a
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compensation point of the threshold voltage Vth of the second
driving transistor TRd2 may be lowered.

[0128] When acompensation point ofa threshold voltage is
lowered, a threshold voltage difference between driving tran-
sistors may not be accurately compensated for, and thus, a
brightness difference between light-emitting devices may
occur, which may be observed by a viewer.

[0129] According to the present embodiment, in response
to the second control signal GC2 of the low level GC_L,
during the second threshold voltage correction operation
Vth2, the second connection transistor TR¢2 is turned on, and
the anode electrode of the first light-emitting device E1 and
the anode electrode of the second light-emitting device E2 are
connected to each other. Accordingly, a capacitance from the
second electrode of the second driving transistor TRd2 to the
first and second light-emitting devices E1 and E2 increases to
a sum of the capacitances of the parasitic capacitors Coled of
the first and second light-emitting devices E1 and E2, e.g.,
2xColed. At the moment when the potential of the anode
electrode of the second light-emitting device E2 increases
from the low level ELVDD_L to the high level ELVDD_H+
the second threshold voltage Vth_2 of the second driving
transistor TRd2 during the second threshold voltage correc-
tion operation Vth2, a magnitude of a current flowing through
the second driving transistor TRd2 also increases due to the
increased capacitance 2xColed of the parasitic capacitors
Coled. The magnitude of the current flowing through the
second driving transistor TRA2 may be set so as to be the same
or substantially the same as a magnitude of a current during
actual driving of the second driving transistor TRd2. There-
fore, the second threshold voltage Vth_2 ofthe second driving
transistor TRd2, which is the same or substantially the same
as the threshold voltage Vth of the second driving transistor
TRd2 during actual driving of the second driving transistor
TRd2, may be stored in the second threshold voltage storage
capacitor Cvth2. Accordingly, a threshold voltage difference
between driving transistors may be accurately compensated
for, and thus, a brightness difference between light-emitting
devices may be removed, and a high-quality image may be
observed by a viewer.

[0130] Next, after the initialization operation and the
threshold voltage correction operation, the first and second
pixels P1 and P2 perform the scan operation Scan.

[0131] Inthe scan operation Scan, for each pixel connected
to each scan line CL, the first to nth scan signals Scan[1] to
Scan[n] are sequentially applied at the low level Scan_L, and
the mth or (m+1)th data signal Vdatalm] or Vdata[m+1] is
provided through each data line DL by being synchronized
with the first to nth scan signals Scan[1] to Scan[n]. In this
case, the data switch signal SUS_ENB s at the high level. The
first power source voltage ELVDD is applied at the high level
ELVDD_H, the second power source voltage ELVSS is
applied at the high level ELVSS_H, and the first and second
control signals GC1 and GC2 are applied at the high level
GC_H.

[0132] Since the nth scan signal Scan[n] is applied at the
low level Scan_L, the switching transistor TRs is turned on,
and the mth or (m+1)th data signal Vdata[m] or Vdata[m+1]
having a voltage (e.g., a predetermined voltage) is applied to
the first or second node Nol or No2 through the first and
second electrodes of the switching transistor TRs.

[0133] Inthis case,adatavoltage Vdatais applied in arange
of a first voltage value to a second voltage value, wherein, for
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example, the first voltage value indicates white, and the sec-
ond voltage value indicates black.

[0134] Since the mth or (m+1)th data signal Vdatam] or
Vdata[m+1] is applied, the potential of the first or second
node Nol or No2 is changed from the reference voltage Vsus
to the data voltage Vdata, and the potential of the gate of the
firstor second driving transistor TRd1 or TRd2 is the potential
ofthe first or second node No1 or No2+the voltage (Vevthl or
Vcevth2) between ends of the first or second threshold voltage
storage capacitor Cvthl or Cvth2, and is thus, the high level
ELVDD_H+the threshold voltage Vth of the first or second
driving transistor TRd1 or TRd2+the data voltage Vdata-the
reference voltage Vsus.

[0135] The first power source voltage ELVDD is applied at
the high level ELVDD_H, and the second power source volt-
age ELVSS is applied at the high level ELVSS_H, and thus,
no driving current flows from the first power source line
ELVDDL to the first and second light-emitting devices E1
and E2.

[0136] Next, after the scan operation Scan, the first and
second pixels P1 and P2 perform the emission operation
Emission.

[0137] Inthe emission operation Emission, light is emitted
since a driving current corresponding to the data voltage
Vdata stored in the first or second pixel P1 or P2 is provided
to the first or second light-emitting device E1 or E2 included
in the first or second pixel P1 or P2. In this case, the first power
source voltage ELVDD is applied at the high level ELVDD_
H, the second power source voltage ELVSS is changed from
the high level ELVSS_H to the low level ELVSS_L, the nth
scan signal Scan[n] is applied at the high level Scan_H, and
the first and second control signals GC1 and GC2 are applied
at the high level GC_H.

[0138] Since the nth scan signal Scan[n] is applied at the
high level Scan_H, the switching transistor TRs that is a
P-type MOS transistor is turned off.

[0139] Since the second power source voltage ELVSS is
applied at thelow level ELVSS_L, acurrent path from the first
power source line ELVDDL to the cathode electrodes of the
first and second light-emitting devices E1 and E2 is formed,
and a driving current corresponding to a gate-source voltage
Vgs of the first or second driving transistor TRd1 or TRd2,
e.g., a difference between the potential of the gate of the first
or second driving transistor TRd1 or TRd2 and the potential
of the first electrode of the first or second driving transistor
TRd1 or TRd2, is applied to the first and second light-emit-
ting devices E1 and E2. Accordingly the first and second
light-emitting devices E1 and E2 emit light of brightnesses
corresponding to the applied driving current.

[0140] The current flowing through the first and second
light-emitting devices E1 and E2 becomes Toled=/2(Vgs-
Vth)*=p/2(Vdata-Vsus)*. According to one or more embodi-
ments, the driving current flowing through the first and sec-
ond light-emitting devices E1 and E2 may improve a problem
occurring due to the difference between the first and second
threshold voltages Vthl and Vth2 of the first and second
driving transistors TRd1 and TRd2.

[0141] One frame is implemented through the emission-off
operation Off, the first initialization operation Reset1, the first
threshold voltage correction operation Vthl, the second ini-
tialization operation Reset2, the second threshold voltage
correction operation Vth2, the scan operation Scan, and the
emission operation Emission, and the operations may be
cycled (e.g., continuously cycled) to implement a next frame
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(e.g., subsequent frames). That is, after the emission opera-
tion Emission shownin FIG. 4, the emission-off operation Off
starts again for the next frame.

[0142] Although not shown in FIG. 4, it will be understood
by those of ordinary skill in the art that even when three or
more pixels are connected to one switch circuit SC, the timing
diagram of FIG. 4 may be applied by adding one or more
additional initialization operations and threshold voltage cor-
rection operations. For example, when three pixels are con-
nected to one switch circuit SC, each of the initialization
operation and the threshold voltage correction operation is
repeated three times, and accordingly, one frame may be
implemented through the emission-off operation Off, the first
initialization operation Resetl, the first threshold voltage cor-
rection operation Vthl, the second initialization operation
Reset2, the second threshold voltage correction operation
Vth2, a third initialization operation Reset3, a third threshold
voltage correction operation Vth3, the scan operation Scan,
and the emission operation Emission.

[0143] FIG. Sillustrates a circuit diagram of pixels (P1 and
P2) in the organic light-emitting display apparatus 100,
according to another exemplary embodiment of the inventive
concept.

[0144] The pixels (P1 and P2) shown in FIG. 5 are the first
pixel P1 located in the nth row and the mth column and the
second pixel P2 located in the nth row and (m+1)th column in
correspondence with the first pixel P1.

[0145] The first and second pixels P1 and P2 receive the
first power source voltage ELVDD through the first power
source line ELVDDL, receive the second power source volt-
age ELVSS from the outside, and are connected to a scan line
corresponding to the nth row to receive the nth scan signal
Scan[n]. The first pixel P1 is connected to a data line corre-
sponding to the mth column, and receives the mth data signal
Vdata[m] synchronized with the nth scan signal Scan[n]. The
second pixel P2 is connected to a data line corresponding to
the (m+1)th column, and receives the (m+1)th data signal
Vdata[m+1] synchronized with the nth scan signal Scan[n].
The first pixel P1 receives the first control signal GC1 through
the first control line GCL1, and the second pixel P2 receives
the second control signal GC2 through the second control line
GCL2.

[0146] Each of the first and second pixels P1 and P2
includes the first or second pixel circuit PC1 or PC2 and the
first or second light-emitting device E1 or E2 for emitting
light by receiving a driving current from the first or second
pixel circuit PC1 or PC2.

[0147] Thefirst or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes
the first or second transistor TRgc1 or TRge2 for transferring
the first power source voltage ELVDD to the first or second
node Nol or No2 in response to the first or second control
signal GC1 or GC2.

[0148] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes
the first or second driving transistor TRd1 or TRd2 connected
between the first or second node Nol or No2 and the anode
electrode of the first or second light-emitting device E1 or E2
to output a driving current to the first or second light-emitting
device E1 or E2 according to a voltage level of the gate of the
first or second driving transistor TRd1 or TRd2.

[0149] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes
the switching transistor TRs for transferring the mth or (m+1)
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th data signal Vdata[m] or Vdatajm+1] to the gate of the first
or second driving transistor TRd1 or TRd2 in response to the
nth scan signal Scan[n].
[0150] The first or second pixel circuit PC1 or PC2, or each
of the first and second pixel circuits PC1 and PC2, includes
the data storage capacitor Cst connected between the gate of
the first or second driving transistor TRd1 or TRd2 and the
anode electrode of the first or second light-emitting device E1
or E2.
[0151] The data storage capacitor Cst stores a value includ-
ing the data voltage Vdata.
[0152] The switch circuit SC is connected between the
anode electrodes of the first and second light-emitting devices
El and E2.
[0153] The switch circuit SC includes the first and second
connection transistors Rel and Re2 for connecting the anode
electrodes of the first and second light-emitting devices E1
and E2 to each other in response to the first or second control
signal GC1 or GC2.
[0154] The first and second connection transistors Rel and
Re2 are connected in parallel to each other.
[0155] The first transistor TRgc1 and the first connection
transistor Rel are controlled by the first control signal GC1,
and the second transistor TRgc2 and the second connection
transistor Rc2 are controlled by the second control signal
GC2.
[0156] Each ofthe firstand second driving transistors TRd1
and TRd2, the switching transistors TRs, the first and second
transistors TRgel and TRge2, and the first and second con-
nection transistors Rc1 and Re2, according to an exemplary
embodiment as shown in FIG. 5, may be an N-type MOS
transistor.
[0157] As described above, according to the one or more of
the above exemplary embodiments, a brightness difference
between light-emitting devices, which may occur since a
threshold voltage difference between driving transistors is not
accurately compensated for, may be reduced by improving a
problem that a threshold voltage is not accurately corrected
due to the miniaturization of light-emitting devices along
with an increase in resolution of the organic light-emitting
display apparatus, thereby providing an organic light-emit-
ting display apparatus having improved screen display qual-
ity.
[0158] It should be understood that exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.
[0159] While one or more exemplary embodiments have
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein, without departing
from the spirit and scope as defined by the following claims,
and their equivalents.
What is claimed is:
1. An organic light-emitting display apparatus comprising:
a first pixel comprising a first pixel circuit and a first light-
emitting device configured to emit light in response to a
first driving current received from the first pixel circuit;
a second pixel comprising a second pixel circuit and a
second light-emitting device configured to emit light in
response to a second driving current received from the
second pixel circuit; and
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a switch circuit connected between an anode electrode of
the first light-emitting device and an anode electrode of
the second light-emitting device.

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

wherein:

the first pixel circuit comprises a first transistor configured
to be controlled by a first control signal,

the second pixel circuit comprises a second transistor con-
figured to be controlled by a second control signal; and

the switch circuit is configured to be controlled by the first
control signal and the second control signal.

3. The organic light-emitting display apparatus of claim 2,

wherein the switch circuit comprises:

a first connection transistor configured to connect the
anode electrode of the first light-emitting device to the
anode electrode of the second light-emitting device in
response to the first control signal; and

a second connection transistor configured to be controlled
by the second control signal and connected in parallel to
the first connection transistor.

4. The organic light-emitting display apparatus of claim 3,
wherein the first and second transistors and the first and
second connection transistors are P-type metal oxide semi-
conductor (MOS) transistors.

5. The organic light-emitting display apparatus of claim 3,
wherein the first and second transistors and the first and
second connection transistors are N-type MOS transistors.

6. The organic light-emitting display apparatus of claim 3,
further comprising:

a first control line configured to transfer the first control

signal to the first pixel,

a second control line configured to transfer the second
control signal to the second pixel;

a scan line configured to transfer a scan signal to the first
pixel and the second pixel;

a first data line configured to transfer a first data signal to
the first pixel in synchronization with the scan signal;

a second data line configured to transfer a second data
signal to the second pixel in synchronization with the
scan signal; and

a power supply configured to apply a first power source
voltage to the firstand second pixel circuits, and to apply
a second power source voltage to cathode electrodes of
the first and second light-emitting devices.

7. The organic light-emitting display apparatus of claim 6,

wherein:

the first pixel circuit comprises:

a first switching transistor configured to transfer the first
data signal in response to the scan signal;

afirst data storage capacitor configured to store a voltage
corresponding to the first data signal; and

a first driving transistor configured to generate the first
driving current based on the voltage stored in the first
data storage capacitor; and

the second pixel circuit comprises:

a second switching transistor configured to transfer the
second data signal in response to the scan signal;

a second data storage capacitor configured to store a
voltage corresponding to the second data signal; and

a second driving transistor configured to generate the
second driving current based on the voltage stored in
the second data storage capacitor.

8. The organic light-emitting display apparatus of claim 7,
wherein:
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the first pixel circuit further comprises:

a first threshold voltage storage capacitor configured to
store a first threshold voltage of the first driving tran-
sistor; and

the first transistor configured to diode-connect the first
driving transistor in response to the first control sig-
nal; and

the second pixel circuit further comprises:

a second threshold voltage storage capacitor configured
to store a second threshold voltage of the second
driving transistor; and

the second transistor configured to diode-connect the
second driving transistor in response to the second
control signal.

9. The organic light-emitting display apparatus of claim 8,

wherein:

each of the first and second driving transistors comprises a
first electrode to which the first power source voltage is
applied and asecond electrode respectively connected to
the anode electrode of the first and second light-emitting
device;

the first switching transistor is configured to transfer the
first data signal to a first node in response to the scan
signal,

the second switching transistor is configured to transfer the
second data signal to a second node in response to the
scan signal;

the first data storage capacitor is connected between the
first node and the first electrode of the first driving tran-
sistor;

the second data storage capacitor is connected between the
second node and the first electrode of the second driving
transistor;

the first threshold voltage storage capacitor is connected
between the first node and a gate of the first driving
transistor;

the second threshold voltage storage capacitor is connected
between the second node and a gate of the second driv-
ing transistor;

the first transistor is configured to connect the gate of the
first driving transistor and the second electrode of the
first driving transistor in response to the first control
signal; and

the second transistoris configured to connect the gate of the
second driving transistor and the second electrode of the
second driving transistor in response to the second con-
trol signal.

10. The organic light-emitting display apparatus of claim 8,

wherein:

when the first driving transistor of the first pixel circuit is
diode-connected by the first transistor turned on in
response to the first control signal, the anode electrode of
the first light-emitting device and the anode electrode of
the second light-emitting device are connected to each
other via the first connection transistor turned on in
response to the first control signal; and

when the second driving transistor of the second pixel
circuit is diode-connected by the second transistor
turned on in response to the second control signal, the
anode electrode of the first light-emitting device and the
anode electrode of the second light-emitting device are
connected to each other via the second connection tran-
sistor turned on in response to the second control signal.

Sep. 1,2016

11. The organic light-emitting display apparatus ofclaim 8,
further comprising:

a control line driver configured to output the first and
second control signals through the first and second con-
trol lines, respectively;

a scan driver configured to output the scan signal through
the scan line;

a data driver configured to output the first and second data
signals through the first and second data lines, respec-
tively; and

a driving controller configured to control the control line
driver, the scan driver, the data driver, and the power
supply.

12. The organic light-emitting display apparatus of claim
11, wherein the driving controller is configured to perform a
method of driving the organic light-emitting display appara-
tus, the method comprising:

first dropping voltages of the anode electrodes of the first
and second light-emitting devices to voltages less than
or equal to that of the cathode electrodes of the first and
second light-emitting devices, respectively;

first outputting the first control signal to store the first
threshold voltage of the first driving transistor of the first
pixel circuit in the first driving transistor storage capaci-
tor of the first pixel circuit in a state where the anode
electrode of the first light-emitting device and the anode
electrode of the second light-emitting device are con-
nected to each other;

second dropping voltages of the anode electrodes of the
first and second light-emitting devices to voltages less
than or equal to that of the cathode electrodes of the first
and second light-emitting devices, respectively; and

second outputting the second control signal to store the
second threshold voltage ofthe second driving transistor
of the second pixel circuit in the second driving transis-
tor storage capacitor of the second pixel circuit in a state
where the anode electrode of the first light-emitting
device and the anode electrode of the second light-emit-
ting device are connected to each other.

13. The organic light-emitting display apparatus of claim
12, wherein the first dropping voltages, the first outputting the
first control signal, the second dropping voltages, and the
second outputting the second control signal are sequentially
performed within one frame of light-emitting.

14. The organic light-emitting display apparatus of claim 7,
wherein each of the first and second pixel circuits further
comprises the first or second transistor in order to transfer the
first power source voltage to the first or second driving tran-
sistor in response to the first or second control signal.

15. The organic light-emitting display apparatus of claim
14, wherein the first or second transistor is configured to
transfer the first power source voltage to the first or second
node in response to the first or second control signal,

the first or second driving transistor is connected between
the first or second node and the anode electrode of the
first or second light-emitting device and is configured to
output the first or second driving current to the first or
second light-emitting device according to a voltage level
of a gate of the first or second driving transistor,

the first or second switching transistor is configured to
transfer the first or second data signal to the gate of the
first or second driving transistor in response to the scan
signal, and
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the first or second data storage capacitor is connected
between the gate of the first or second driving transistor
and the anode electrode of the first or second light-
emitting device.

16. The organic light-emitting display apparatus of claim 1,
further comprising a third pixel comprising a third pixel cit-
cuit and a third light-emitting device configured to emit light
in response to a third driving current received from the third
pixel circuit,

wherein the switch circuit is connected between anode

electrodes of the first, second, and third light-emitting
devices.

17. A method of driving an organic light-emitting display
apparatus comprising a first pixel comprising a first light-
emitting device and a first driving transistor configured to
output a first driving current to the first light-emitting device,
and a second pixel comprising a second light-emitting device
and a second driving transistor configured to output a second
driving current to the second light-emitting device, the
method comprising:

first dropping voltages of anode electrodes of the first and

second light-emitting devices to voltages less than or
equal to that of cathode electrodes of the first and second
light-emitting devices, respectively;
first storing a first threshold voltage of the first driving
transistor in a state where the anode electrode of the first
light-emitting device and the anode electrode of the
second light-emitting device are connected to each
other;
second dropping voltages of the anode electrodes of the
first and second light-emitting devices to voltages less
than or equal to that of the cathode electrodes of the first
and second light-emitting devices, respectively; and

second storing a second threshold voltage of the second
driving transistor in a state where the anode electrode of
the first light-emitting device and the anode electrode of
the second light-emitting device are connected to each
other.
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18. The method of claim 17, wherein the first dropping
voltages, the first storing the first threshold voltage, the sec-
ond dropping voltages, and the second storing the second
threshold voltage are sequentially performed within one
frame of light-emitting.

19. The method of claim 17, further comprising:

turning the first and second driving transistors on, before
the first dropping voltages;

applying first and second data signals to the first and second
pixels, respectively, after the second storing the second
threshold voltage; and

controlling the first and second light-emitting devices to
concurrently emit lights having brightnesses corre-
sponding to the first and second data signals, respec-
tively.

20. The method of claim 17, wherein the organic light-
emitting display apparatus further comprises a third pixel
comprising a third light-emitting device and a third driving
transistor configured to output a third driving current to the
third light-emitting device, and the method further comprises:

third dropping voltages of anode electrodes of the first,
second, and third light-emitting devices to voltages less
than or equal to that of cathode electrodes of the first,
second, and third light-emitting devices, respectively;
and

a third storing a third threshold voltage of the third driving
transistor in a state where the anode electrodes of the
first, second, and third light-emitting devices are con-
nected to each other,

wherein in the first and second dropping voltages, the volt-
ages of the anode electrodes of the first, second, and third
light-emitting devices are respectively dropped to the
voltages less than or equal to that of the cathode elec-
trodes of the first, second, and third light-emitting
devices.
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