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7 ABSTRACT

An organic light-emitting display includes: a display panel,
scan and data drivers, an ADC, a controller, and a data switch.
In a first initialization period, the data switch connects data
lines to the data driver, which applies an initialization voltage
thereto. In a first sensing period, the data switch connects the

(22) Filed: May 29, 2015 data lines to the ADC. The ADC receives analog sensing
signals corresponding to first voltages of the data lines, and
(30) Foreign Application Priority Data converts the analog sensing signals into digital sensing sig-
nals output to the controller. In a second initialization period,
Jan. 8,2015  (KR) wrvvverccerinanee 10-2015-0002789 the data switch connects the data lines to the data driver,
which applies the initialization voltage thereto. In a second
sensing period, voltages at the data lines change to second
Publication Classification voltages, the data switch connects the ADC to the data lines,
and the ADC converts analog sensing signals corresponding
(51) Imt.ClL to the second voltages into digital sensing signals output to
G09G 3/32 (2006.01) the controller.
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ORGANIC LIGHT-EMITTING DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0002789 filed on
Jan. 8, 2015 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND

[0002] 1.Field

[0003] The present invention relates to an organic light-
emitting display, and more particularly, to an organic light-
emitting display with improved display quality.

[0004] 2. Description of the Related Art

[0005] As monitors, televisions, portable displays, etc. are
becoming lighter and thinner, conventional cathode ray tubes
(CRTs) arebeing replaced by flat panel displays such asliquid
crystal displays (LCDs) and organic electroluminescent dis-
plays. Of these flat panel displays, organic light-emitting
displays are drawing attention as next-generation flat panel
displays due to their high response speed, low power con-
sumption, and wide viewing angles.

[0006] An organic light-emitting display is known to adjust
the brightness or gray level of one pixel by adjusting the
magnitude of a current provided to an organic light-emitting
diode. Here, the magnitude of the current provided to the
organic light-emitting diode may be determined by a voltage
difference between a gate and a source of a driving transistor
and a coefficient of current driving characteristics of the driv-
ing transistor. In an ideal case, driving transistors of all pixels
of the organic light-emitting display have the same charac-
teristics, and the pixels express the same gray level for the
same data voltage. In reality, however, the driving transistors
ofthe pixels may have different characteristic coefficients due
to, for example, differences in processing conditions and
differences in the degree of degradation. The different char-
acteristic coefficients can cause an imbalance in gray level
between locations on the organic light-emitting display.

SUMMARY

[0007] Aspects of embodiments according to the present
invention provide an organic light-emitting display with
improved display quality.

[0008] However, aspects of the present invention are not
limited to the one set forth herein. The above and other
aspects of embodiments of the present invention will become
more apparent to one of ordinary skill in the art to which the
present invention pertains by referencing the detailed descrip-
tion of example embodiments of the present invention given
below.

[0009] According to example embodiments of the present
invention, an organic light-emitting display is provided. The
organic light-emitting display includes: a display panel
including a plurality of pixels respectively connected to a
plurality of scan lines and a plurality of data lines; a scan
driver configured to sequentially transmit a plurality of scan
signals to the scan lines; a data driver configured to receive an
image signal and to output a plurality of data output signals;
a voltage analog-to-digital converter (ADC) configured to
receive analog sensing signals and to output digital sensing
signals; a data switch configured to connect the data lines to
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the data driver or to the voltage ADC in response to a switch-
ing signal; and a controller configured to receive original
image data and the digital sensing signals, to process the
original image data into the image signal based on the digital
sensing signals and provide the image signal to the data
driver, and to provide the switching signal to the data switch,
wherein the data switch is configured to connect the data lines
to the data driver, and the data driver is configured to apply an
initialization voltage to the connected data lines, in a first
initialization period, wherein one or more of the pixels are
configured to charge one or more of the data lines with first
voltages, the data switch is configured to connect the voltage
ADC to the data lines, and the voltage ADC is configured to
receive the first voltages from the connected data lines, to
convert analog sensing signals corresponding to the first volt-
ages into digital sensing signals, and to output the digital
sensing signals to the controller, in a first sensing period,
wherein the data switch is configured to connect the data lines
to the data driver, and the data driver is configured to apply the
initialization voltage to the connected data lines, in a second
initialization period, and wherein the display is configured to
change voltages applied to the data lines from the initializa-
tion voltage to second voltages, the data switch is configured
to connect the voltage ADC to the data lines, and the voltage
ADC is configured to receive the second voltages from the
connected data lines, to convert analog sensing signals cor-
responding to the second voltages into digital sensing signals
and to output the digital sensing signals to the controller, in a
second sensing period.

[0010] The first initialization period, the first sensing
period, the second initialization period, and the second sens-
ing period may be included in a period of time during which
an image of one frame is displayed.

[0011] The first sensing period and the second sensing
period may have substantially the same lengths.

[0012] The controller may be configured to identify volt-
ages obtained by subtracting the second voltages from the
first voltages based on the digital sensing signals correspond-
ing to the first voltages and the digital sensing signals corre-
sponding to the second voltages.

[0013] At least one of the pixels may include first, second,
third, fourth, and fifth transistors that are p-channel metal
oxide semiconductor (PMOS) transistors, a node connected
to a source terminal of the first transistor may be connected to
a drain terminal of the fourth transistor, the source terminal of
the first transistor may be connected to a first power source by
the fourth transistor, a node connected to a drain terminal of
the first transistor may be connected to an anode of an organic
light-emitting diode, a cathode of the organic light-emitting
diode may be connected to a second power source, a drain
terminal of a second transistor may be connected to a node
connected to a gate terminal of the first transistor, a source
terminal of the second transistor may be connected to at least
one of the data lines, a gate terminal of the second transistor
may be connected to at least one of the scan lines, a source
terminal of the third transistor may be connected to the node
connected to the drain terminal of the first transistor, a drain
terminal of the third transistor may be connected to at least
one of the data lines, a sensing voltage may be connected to a
gate terminal of the third transistor, the drain terminal of the
fourth transistor may be connected to the node connected to
the source terminal of the first transistor, a source terminal of
the fourth transistor may be connected to the first power
source, a gate terminal of the fourth transistor may be con-



US 2016/0203764 A1l

nected to an emission voltage, a source terminal of the fifth
transistor may be connected to a sustain voltage, a drain
terminal of the fifth transistor may be connected to the node
connected to the source terminal of the first transistor, and a
gate terminal of the fifth transistor may be connected to at
least one of the scan lines.

[0014] At least one of the pixels may further include a sixth
transistor, wherein a source terminal of the sixth transistor
may be connected to the node connected to the source termi-
nal of the first transistor, a drain terminal of the sixth transistor
may be connected to the node connected to the gate terminal
of the first transistor, and a gate terminal of the sixth transistor
may be connected to a bias voltage.

[0015] At least one of the pixels may further include a
storage capacitor connected between the node connected to
the source terminal of the first transistor and the node con-
nected to the gate terminal of the first transistor.

[0016] The data switch may be configured to connect the
data lines to the data driver, and the data driver may be
configured to apply the initialization voltage to the connected
data lines, in a third initialization period, wherein one or more
of the pixels may be configured to charge one or more of the
data lines with third voltages, the data switch may be config-
ured to connect the voltage ADC to the data lines, and the
voltage ADC may be configured to receive the third voltages
from the connected data lines, to convert analog sensing
signals corresponding to the third voltages into digital sens-
ing signals and to output the digital sensing signals to the
controller, in a third sensing period, wherein the data switch
may be configured to connect the data lines to the data driver,
and the data driver may be configured to apply the initializa-
tion voltage to the connected data lines, in a fourth initializa-
tion period, and wherein the display may be configured to
change the voltages applied to the data lines from the initial-
ization voltage to fourth voltages, the data switch may be
configured to connect the voltage ADC to the data lines, and
the voltage ADC may be configured to receive the fourth
voltages from the connected data lines, to convert analog
sensing signals corresponding to the fourth voltages into digi-
tal sensing signals and to output the digital sensing signals to
the controller, in a fourth sensing period.

[0017] The first initialization period, the first sensing
period, the second initialization period, the second sensing
period, the third initialization period, the third sensing period,
the fourth initialization period, and the fourth sensing period
may be included in a period of time during which an image of
one frame is displayed.

[0018] The first sensing period and the second sensing
period may have substantially the same lengths, and the third
sensing period and the fourth sensing period may have sub-
stantially the same lengths.

[0019] The controller may be configured to identify volt-
ages obtained by subtracting the second voltages from the
first voltages based on the digital sensing signals correspond-
ing to the first voltages and the digital sensing signals corre-
sponding to the second voltages, to identify voltages obtained
by subtracting the fourth voltages from the third voltages
based on the digital sensing signals corresponding to the third
voltages and the digital sensing signals corresponding to the
fourth voltages, and to correct the image signal for each of the
pixels based on the voltages obtained by subtracting the sec-
ond voltages from the first voltages and the voltages obtained
by subtracting the fourth voltages from the third voltages.

Jul. 14,2016

[0020] An organic light-emitting display including: a dis-
play panel comprising a plurality of pixels respectively con-
nected to a plurality of scan lines and a plurality of data lines;
ascan driver configured to sequentially transmit a plurality of
scan signals to the scan lines; a data driver configured to
receive an image signal and to output a plurality of data output
signals; a voltage ADC configured to receive analog sensing
signals and to output digital sensing signals; a data switch
configured to connect the data lines to the data driver or to the
voltage ADC in response to a switching signal; and a control-
ler configured to receive original image data and the digital
sensing signals, to process the original image data into the
image signal based on the digital sensing signals and provide
the image signal to the data driver, and to provide the switch-
ing signal to the data switch, wherein at least one of the pixels
comprises first, second, third, fourth, and fifth transistors, and
wherein a node connected to a source terminal of the first
transistor is connected to a drain terminal of the fourth tran-
sistor, the source terminal of the first transistor is connected to
a first power source by the fourth transistor, a node connected
to a drain terminal of the first transistor is connected to an
anode of an organic light-emitting diode, a cathode of the
organic light-emitting diode is connected to a second power
source, a drain terminal of a second transistor is connected to
a node connected to a gate terminal of the first transistor, a
source terminal of the second transistor is connected to at
least one of the data lines, a gate terminal of the second
transistor is connected to at least one of the scan lines, a
source terminal of the third transistor is connected to the node
connected to the drain terminal of the first transistor, a drain
terminal of the third transistor is connected to at least one of
the data lines, a sensing voltage is connected to a gate terminal
of the third transistor, the drain terminal of the fourth transis-
tor is connected to the node connected to the source terminal
of the first transistor, a source terminal of the fourth transistor
is connected to the first power source, a gate terminal of the
fourth transistor is connected to an emission voltage, a source
terminal of the fifth transistor is connected to a sustain volt-
age, a drain terminal of the fifth transistor is connected to the
node connected to the source terminal of the first transistor,
and a gate terminal of the fifth transistor is connected to at
least one of the scan lines.

[0021] Atleast one of the pixels may further include a sixth
transistor, wherein a source terminal of the sixth transistor
may be connected to the node connected to the source termi-
nal ofthe first transistor, a drain terminal of the sixth transistor
may be connected to the node connected to the gate terminal
ofthe first transistor, and a gate terminal of the sixth transistor
may be connected to a bias voltage.

[0022] At least one of the pixels may further include a
storage capacitor connected between the node connected to
the source terminal of the first transistor and the node con-
nected to the gate terminal of the first transistor.

[0023] The data switch may be configured to connect the
data lines to the data driver, and the data driver may be
configured to apply an initialization voltage to the connected
data lines, in a first initialization period, wherein one or more
of the pixels may be configured to charge one or more of the
data lines with first voltages, the data switch may be config-
ured to connect the voltage ADC to the data lines, and the
voltage ADC may be configured to receive the first voltages
from the connected data lines, to convert analog sensing
signals corresponding to the first voltages into digital sensing
signals and to output the digital sensing signals to the con-
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troller, in a first sensing period, wherein the data switch may
be configured to connect the data lines to the data driver, and
the data driver may be configured to apply the initialization
voltage to the connected data lines, in a second initialization
period, and wherein the display may be configured to change
voltages applied to the data lines from the initialization volt-
age to second voltages, the data switch may be configured to
connect the voltage ADC to the data lines, and the voltage
ADC may be configured to receive the second voltages from
the connected data lines, to convert analog sensing signals
corresponding to the second voltages into digital sensing
signals and to output the digital sensing signals to the con-
troller, in a second sensing period.

[0024] The data switch may be configured to connect the
data lines to the data driver, and the data driver may be
configured to apply the initialization voltage to the connected
data lines, in a third initialization period, wherein one or more
of the pixels may be configured to charge one or more of the
data lines with third voltages, the data switch may be config-
ured to connect the voltage ADC to the data lines, and the
voltage ADC may be configured to receive the third voltages
from the connected data lines, to convert the analog sensing
signals corresponding to the third voltages into digital sens-
ing signals and to output the digital sensing signals to the
controller, in a third sensing period, wherein the data switch
may be configured to connect the data lines to the data driver,
and the data driver may be configured to apply the initializa-
tion voltage to the connected data lines, in a fourth initializa-
tion period, and wherein the display may be configured to
change voltages applied to the data lines from the initializa-
tion voltage to fourth voltages, the data switch may be con-
figured to connect the voltage ADC to the data lines, and the
voltage ADC may be configured to receive the fourth voltages
from the connected data lines, to convert analog sensing
signals corresponding to the fourth voltages into digital sens-
ing signals and to output the digital sensing signals to the
controller.

[0025] The first initialization period, the first sensing
period, the second initialization period, the second sensing
period, the third initialization period, the third sensing period,
the fourth initialization period, and the fourth sensing period
may be included in a period of time during which an image of
one frame is displayed.

[0026] The first sensing period and the second sensing
period may have substantially the same lengths, and the third
sensing period and the fourth sensing period may have sub-
stantially the same lengths.

[0027] The controller may be configured to identify volt-
ages obtained by subtracting the second voltages from the
first voltages based on the digital sensing signals correspond-
ing to the first voltages and the digital sensing signals corre-
sponding to the second voltages, to identify voltages obtained
by subtracting the fourth voltages from the third voltages
based on the digital sensing signals corresponding to the third
voltages and the digital sensing signals corresponding to the
fourth voltages, and to correct the image signal for each of the
pixels based on the voltages obtained by subtracting the sec-
ond voltages from the first voltages and the voltages obtained
by subtracting the fourth voltages from the third voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other aspects and features of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings, in which:
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[0029] FIG. 1 is a schematic block diagram of an organic
light-emitting display according to an embodiment of the
present invention;

[0030] FIG. 2is a schematic block diagram illustrating part
ofadisplay panel of the organic light-emitting display of FIG.
1 and other elements connected to the display panel;

[0031] FIG. 3 is atiming diagram illustrating a data voltage
sensing operation of the organic light-emitting display of
FIG. 1,

[0032] FIG. 4 is a circuit diagram of a pixel of the display
panel of the organic light-emitting display of FIG. 1, a data
line and a scan line connected to the pixel, and a data switch-
ing unit (or a data switch);

[0033] FIG. 5is atiming diagram illustrating a data voltage
sensing operation of the circuit of FIG. 4 in a low gray level
area;

[0034] FIG. 6is a timing diagram illustrating a data voltage
sensing operation of the circuit of FIG. 4 in a high gray level
area;

[0035] FIG. 7 is a timing diagram illustrating a display
operation of the organic light-emitting display of FIG. 1;
[0036] FIG. 8 is a circuit diagram of a pixel of a display
panel of an organic light-emitting display according to
another embodiment of the present invention, a data line and
ascan line connected to the pixel, and a data switching unit (or
a data switch); and

[0037] FIG. 9 is a timing diagram illustrating a display

operation of the organic light-emitting display of FIG. 8.
DETAILED DESCRIPTION

[0038] Hereinafter, example embodiments will be

described in more detail with reference to the accompanying
drawings, in which like reference numbers refer to like ele-
ments throughout. The present invention, however, may be
embodied in various different forms, and should not be con-
strued as being limited to only the illustrated embodiments
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 invention
to those skilled in the art. Accordingly, processes, elements,
and techniques that are not necessary to those having ordinary
skill in the art for a complete understanding of the aspects and
features ofthe present invention may notbe described. Unless
otherwise noted, like reference numerals denote like elements
throughout the attached drawings and the written description,
and thus, descriptions thereof will not be repeated. In the
drawings, the relative sizes of elements, layers, and regions
may be exaggerated for clarity.

[0039] Itwill beunderstood that, although the terms “first,”
“second,” “third,” etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section described
below could be termed a second element, component, region,
layer or section, without departing from the spirit and scope
of the present invention.

[0040] 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 spa-
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tially relative terms are intended to encompass different ori-
entations of the device in use or in operation, in additionto 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 inter-

preted accordingly.

[0041] It will be understood that when an element or layer
1s 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 inter-
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.

[0042] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the present invention. As used herein, the sin-
gular forms “a” and “an” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes,” and “including,” when used in this
specification, specify the presence of the stated features, inte-
gers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof. 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.

[0043] 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.

[0044] 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.

[0045] Hereinafter, embodiments of the present invention
will be described in detail with reference to the attached
drawings.

[0046] FIG. 1 is a schematic block diagram of an organic
light-emitting display according to an embodiment of the
present invention.

3 4
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[0047] Referring to FIG. 1, the organic light-emitting dis-
play may include a display panel 100, a control unit (or
controller) 200, a scan driver 300, a data driver 400, a voltage
analog-to-digital converter (ADC) 500, a power supply unit
(or power supply) 600, a gray voltage generator 700, and a
data switching unit (or a data switch) 800.

[0048] 1In FIG. 1, each element is illustrated as a different
block. However, the elements illustrated in FIG. 1 are just
separated based on their functions. Each of the elements may
be a complex of algorithms physically implemented in one
element, for example, one IC chip.

[0049] For example, the control unit (or controller) 200, a
timing controller, an image data corrector, amemory, the scan
driver 300, the data driver 400, the voltage analog-to-digital
converter (ADC) 500, the power supply unit (or power sup-
ply) 600, the gray voltage generator 700, and the data switch-
ing unit (or data switch) 800 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 inte-
grated circuit), software, or a combination of software, firm-
ware, and hardware. For example, the various components of
these devices may be formed on one integrated 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 the like. Further, the various components of
these devices may be a process or thread, running on one or
more processors, in one or more computing devices, execut-
ing computer program instructions and interacting with other
system components for performing the various functional-
ities described herein. The computer program instructions
may be 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-transi-
tory 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 comput-
ing device, or the functionality of a particular computing
device may be distributed across one or more other comput-
ing devices without departing from the sprit and scope of the
exemplary embodiments of the present invention.

[0050] The display panel 100 may include a plurality of
scan lines SL1 through SLn extending in a first direction X1,
a plurality of data lines DL1 through DLm extending in a
second direction X2, and a plurality of pixels connected to the
scan lines SL.1 through SLn and the data lines DL1 through
DLm. The configuration and operation of each of the pixels
will be described in detail later with reference to FIGS. 5 and
6.

[0051] The control unit (or controller) 200 may receive
original image data IMAGE and digital sensing signals from
external sources, process the original image data IMAGE into
animage signal RGB based on the digital sensing signals, and
provide the image signal RGB to the data driver 400. In
particular, in an embodiment of the present invention, the
control unit 200 may provide a switching signal SS to the data
switching unit (or data switch) 800, and the data switching
unit 800 may connect the data lines DL1 through DLm to the
data driver 400 or the voltage ADC 500 in response to the
switching signal SS.
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[0052] To perform the above function, the control unit 200
according to an embodiment of the present invention may
include an image data corrector 220, a timing controller 210,
and a memory 230.

[0053] The timing controller 210 may receive corrected
image data IMAGE' from the image data corrector 220, pro-
cess the corrected image data IMAGE' into the image signal
RGB, and transmit the image signal RGB to the data driver
400. The timing controller 210 may also output a data control
signal DCS and a scan control signal SCS for driving the data
driver 400 and the scan driver 300, respectively, in synchro-
nization with the image signal RGB. The image signal RGB
may be a signal obtained by processing the corrected image
data IMAGE' such that the corrected image data IMAGE'
corresponds to a gray value or gray voltage of each pixel of
the display panel 100. In addition, the timing controller 210
may process the corrected image data IMAGE' into the image
signal RGB by additionally modulating or compensating the
corrected image data IMAGE' according to a user’s prefer-
ence or unique characteristics of the organic light-emitting
display.

[0054] Further, the timing controller 210 may provide a
pixel control signal PCS for controlling the driving of the
pixels of the display panel 100 to the pixels of the display
panel 100.

[0055] The timing controller 210 may provide the switch-
ing signal SS to the data switching unit 800, and the data
switching unit 800 may connect the data lines DL1 through
DLm to the data drive 400 or the voltage ADC 500 in response
to the switching signal SS.

[0056] The image data corrector 220 may read correction
reference values from the memory 230 and receive the origi-
nal image data IMAGE from an external image source, e.g.,
an external graphics processing unit (or an external graphics
processor). The image data corrector 220 may generate the
corrected image data IMAGE' by correcting the original
image data IMAGE based on the correction reference values.
[0057] Here, the correction reference values may be offset
values indicating differences in respective driving character-
istics of the pixels. The offset values may be cumulatively
updated values of the digital sensing signals recorded in the
memory 230 through the voltage ADC 500.

[0058] In addition, the image data corrector 220 may store
the received original image data IMAGE or the corrected
image data IMAGE' in the memory 230.

[0059] The memory 230 may be a nonvolatile memory that
can retain unique information about a display device, for
example, a lookup table of specifications, characteristics, and
gamma curves of the display device even when the display
device is powered off. Examples of the nonvolatile memory
may include a flash memory and an electrically erasable
programmable read-only memory (EEPROM). Alternatively,
the memory 230 may be a volatile memory that can retain
information about the correction reference values (e.g., the
cumulatively updated offset values) when the display device
is powered on. Examples of the volatile memory may include
a dynamic random access memory (DRAM) or a static ran-
dom access memory (SRAM). In other embodiments, the
memory 230 may include any suitable combination of vola-
tile and non-volatile memories.

[0060] In FIG. 1, the timing controller 210 and the image
data corrector 220 are illustrated as separate functional
blocks. However, the present invention is not limited thereto.
As a part of an image processing algorithm of the timing
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controller 210, the image data corrector 220 may be an algo-
rithm for performing an image correction function according
to an embodiment of the present invention. Alternatively, the
timing controller 210 and the image data corrector 220 may
be a single module embedded in a single IC chip.

[0061] The scan driver 300 may receive the scan control
signal SCS from the timing controller 210 and sequentially
drive the scan lines SL1 through SLn in response to the
received scan control signal SCS.

[0062] The data driver 400 may receive the image signal
RGB and the data control signal DCS from the timing con-
troller 210 and output a plurality of data output signals DO1
through DOm (or D1 through Dm) for driving the data lines
DL1 through DLm in response to the image signal RGB and
the data control signal DCS. For example, the data output
signals DO1 through DOm may be provided to the data lines
DL1 through DLm via the data switching unit 800.

[0063] By way of example, the data driver 400 may receive
a plurality of gray voltages V0 through V255 from the gray
voltage generator 700, select one or more of the received gray
voltages V0 through V255, and apply the selected gray volt-
ages to the data switching unit 800 as the data output signals
DO1 through DOm. In addition, the data driver 400 may
change the data output signals DO1 through DOm in response
to the data control signal DCS and output a voltage signal
(e.g., an initialization signal) other than the received image
signal RGB as the data output signals DO1 through DOm.
[0064] The data switching unit 800 may connect the data
lines DL1 through DLm to the data driver 400 or the voltage
ADC 500 in response to the switching signal SS received
from the timing controller 210. That is, in order to deliver a
plurality of data voltages output from the data driver 400 to
the data lines DL1 through DLm, the data switching unit 800
may connect the data lines DL1 through DLm to the data
driver 400. In order for the voltage ADC 500 to sense voltages
of the data lines DL1 through DLm, the data switching unit
800 may connect the data lines DL1 through DLm to the
voltage ADC 500. For example, the data switching unit 800
may be connected to the voltage ADC 500 by a sensing line
SENSE_L, connected to the data driver 400 by a data trans-
mission line DATA_L, and connected to the display panel 100
by the data lines DL1 through DLm.

[0065] A plurality of data signals, as used herein, refer to
levels of voltages applied to the data lines DL1 through DLm
and are distinguished from the data output signals DO1
through DOm output from the data driver 400. For example,
when the data switching unit 800 connects the data transmis-
sion line DATA_L connected to the data driver 400 to the data
lines DL1 through DLm, the data output signals DO1 through
DOm may be substantially the same as (e.g., identical to) the
data signals. However, when the data switching unit 800
connects the sensing line SENSE_L connected to the voltage
ADC 500 to the data lines DL1 through DLm, the data output
signals DO1 through DOm may be different from the data
signals.

[0066] The voltage ADC 500 may be connected to the data
lines DL1 through DLm by the data switching unit 800. For
example, to sense the data signals corresponding to the levels
of the voltages applied to the data lines DL1 through DL,
the data switching unit 800 may connect the sensing line
SENSE_L connected to the voltage ADC 500 to the data lines
DL1 through DLm. Accordingly, the voltage ADC 500 may
receive the data signals corresponding to the voltage levels of
the data lines D1 through DLm as analog signals, convert
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the analog signals into digital sensing signals, and output the
digital sensing signals. The output digital sensing signals may
be written to the memory 230 of the control unit 200.

[0067] In FIG. 1, the data switching unit 800, the voltage
ADC 500 and the data driver 400 are illustrated as separate
functional blocks. However, the present invention is not lim-
ited thereto. The data switching unit 8§00, the data driver 400
and the voltage ADC 500 may also be integrally formed on the
same IC chip and connected accordingly to at least part of the
display panel 100. Alternatively, the data switching unit 8§00,
the data driver 400 and the voltage ADC 500 may be inte-
grally formed as a single driver IC, together with the control
unit 200 or the scan driver 300. Alternatively, the data switch-
ing unit 800, the data driver 400 and the voltage ADC 500 may
be formed as integrated circuits on at least an area of the
display panel 100.

[0068] The power supply unit 600 may be a voltage source
which applies an appropriate voltage to each element (or
component) in the display panel 100. For example, in an
embodiment of the present invention, the power supply umt
600 may provide a first power source ELVDD and a second
power source ELVSS to the pixels of the display panel 100
and provide a first reference voltage REF1 and a second
reference voltage REF2 to the gray voltage generator 700.
[0069] The gray voltage generator 700 may receive at least
the first reference voltage REF1 and the second reference
voltage REF2 from the power supply unit 600 and generate
the gray voltages V0 through V255 by dividing the first ref-
erence voltage REF1 and the second reference voltage REF2.
[0070] InFIG. 1, the gray voltage generator 700 generates
256 gray voltages V0 through V255. However, the present
invention is not limited thereto. A set of gray voltages gener-
ated by the gray voltage generator 700 may be increased or
decreased according to required display quality and panel
size of the display panel 100 and the method of driving the
display panel 100 and the data driver 400. Although not
illustrated in the drawing, the gray voltage generator 700 may
receive a gray voltage selection signal from the timing con-
troller 210 and adjust levels of the gray voltages V0 through
V255 according to the received gray voltage selection signal.
[0071] A data signal sensing operation and an image data
correction operation of the organic light-emitting display of
FIG. 1 will now be described in detail with reference to FIGS.
2 and 3.

[0072] FIG.2isa schematic block diagram illustrating part
of the display panel 100 of the organic light-emitting display
of FIG. 1 and other elements connected to the display panel
100.

[0073] FIG. 3is a timing diagram illustrating a data voltage
sensing operation of the organic light-emitting display of
FIG. 1.

[0074] InFIGS.2 and 3, onescanline SLiand a plurality of
pixels Pil through Pim connected to the data lines DL1
through DLm are illustrated as an example.

[0075] Referring to FIGS. 2 and 3, in the organic light-
emitting display of FIG. 1, a plurality of pixels may respec-
tively be connected to the scan lines SL1 through SLn and the
data lines DL1 through DLm, and data signals transmitted
from the data lines DL1 through DLm may respectively be
provided to the pixels in response to scan signals transmitted
from the scan lines SL1 through SLn. Each of the pixels
receiving the data signals may provide an organic light-emit-
ting diode with a driving current of a magnitude correspond-
ing to the voltage level of a corresponding data signal, and the
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organic light-emitting diode may emit light at a brightness
level corresponding to the magnitude of the driving current.
[0076] The magnitude of the driving current flowing
through each of the pixels may be controlled by adjusting the
voltage level of the data signal transmitted to a gate of a
driving transistor.

[0077] In a saturated state, an electric current flowing
through the driving transistor can generally be approximated
to Equation (1) below:

1w S
1= EMCOXI(VSG = Vl)®s

[0078] where p, C,, W, and L respectively are charge
mobility, gate capacitance per unit area, channel width and
channel length of a driving transistor, that is, unique charac-
teristic coefficients of each transistor, and Vth is a threshold
voltage corresponding to a minimum source-gate voltage dif-
ference for turning the driving transistor on, that is, another
unique characteristic coefficient of each transistor.

[0079] Ideally, driving transistors included in a plurality of
pixels of an organic light-emitting display have the same
characteristic coefficients. In reality, however, the pixels of
the organic light-emitting display may have minutely differ-
ent characteristic coefficients due to, for example, differences
in processing conditions and differences in the degree of
degradation of each pixel resulting from continued use of the
panel. The different characteristic coefficients of the pixels
cause the pixels to emit light of different gray levels for the
same image data, i.e., the same data signal, thereby degrading
the display quality of the organic light-emitting display.
[0080] Inanembodiment of the present invention, the volt-
age ADC 500 may sense a value of a driving current corre-
sponding to a driving threshold voltage and a driving refer-
ence voltage of a driving transistor from each of the data lines
DL1 through DLm and transmit the sensed values to the
control unit 200. The image data corrector 220 of the control
unit 200 may generate the corrected image data IMAGE' by
correcting the original image data IMAGE based on the
sensed values related to characteristic coefficients of a plu-
rality of pixels.

[0081] For example, the data switching unit 800 may con-
nect the data driver 400 or the voltage ADC 500 to the data
lines DL1 through DLm in response to the switching signal
SS. When the data driver 400 is connected to the data lines
DL1 through DLm, the data output signals DO1 through
DOm may be provided to the data lines DL1 through DL.m as
data signals, and a plurality of pixels may display images
corresponding to the data signals.

[0082] While an image of one frame is being displayed on
the display panel 100 or during a standby period after an
image of one frame is displayed and before an image of a next
frame is displayed, a data signal sensing operation according
to an embodiment of the present invention may be performed.
[0083] In afirst initialization period, a data switch SW_D
may be turned on, and a sensing switch SW_S may be turned
off. That is, in the first initialization period, the data switching
unit 800 may connect the data driver 400 to the data lines DL1
through DLm and disconnect the data lines DL1 through
DLm from the voltage ADC 500.

[0084] In the first initialization period, the data driver 400
may output an initialization voltage signal Vint as the data
output signals DO1 through DOm in response to the data
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control signal DCS from the timing controller 210, and data
signals corresponding to the initialization voltage signal Vint
may be provided to all data lines DL1 through DLm.

[0085] In a first voltage sensing period, the data switch
SW_D may be turned off, and the sensing switch SW_S may
be turned on. That is, in the first voltage sensing period, the
data switching unit 8§00 may disconnect the data lines DL.1
through DLm from the data driver 400 and connect the data
lines DL1 through DLm to the voltage ADC 500.

[0086] In the first voltage sensing period, the pixels Pil
through Pim connected to the i scan line SLi may charge the
connected data lines DL1 through DLm with first voltages
V1_D1 through V1_Dm in response to the pixel control sig-
nal PCS. Charging the data lines DL1 through DLm with the
first voltages V1_D1 through V1_Dm may be continued dur-
ing the first voltage sensing period. The voltage ADC 500
may receive voltage levels (i.e., data signals) of the data lines
DL1 through DLm as analog sensing signals, convert the
analog sensing signals into digital sensing signals, and trans-
mit the digital sensing signals to the memory 230 of the
control unit 200.

[0087] The first voltages V1_D1 through V1_Dm charged
in the data lines DL1 through DLm during the first voltage
sensing period may be values related to characteristic coeffi-
cients about driving currents flowing through the pixels Pil
through Pim connected to the data lines DL1 through DLm.
The control unit 200 can update correction reference values
used to compensate for respective characteristic coefficient
differences of the pixels Pil through Pim by sensing the first
voltages V1_D1 through V1_Dm.

[0088] As illustrated in FIG. 2, while performing the first
voltage sensing operation for the pixels Pil through Pim
connected to the i scan line SLi, leakage currents I_I may be
generated through transistors of other pixels not performing
the sensing operation. The leakage currents I_I can affect the
first voltages V1_D1 through V1_Dm charged in the data
lines DL1 through DLm.

[0089] Switching transistors that switchably connect the
other pixels not performing the sensing operation to the data
lines DL1 through DL.m may remain turned off. In the case of
unideal switching transistors, however, fine (or very small)
currents may flow even when the switching transistors are
turned off. Since scan lines not performing the sensing opera-
tion and pixels connected to the scan lines far outnumber the
i” scan line SLi and the pixels Pil through Pim connected to
the i scan line SLi, the leakage currents I_I can greatly affect
data signals sensed.

[0090] In particular, the smaller the first voltages V1_D1
through V1_Dm sensed, the greater the effect of the leakage
currents I 1.

[0091] In a second initialization period, the data switch
SW_D may be turned on, and the sensing switch SW_S may
be turned off. That is, in the second initialization period, the
data switching unit 800 may connect the data driver 400 to the
data lines DL1 through DLm and disconnect the data lines
DL1 through DLm from the voltage ADC 500.

[0092] In the second initialization period, the data driver
400 may output the initialization voltage signal Vint as the
data output signals DO1 through DOm in response to the data
control signal DCS from the timing controller 210, and data
signals corresponding to the initialization voltage signal Vint
may be provided to all data lines DL1 through DLm.

[0093] In asecond voltage sensing period, the data switch
SW_D may be turned off, and the sensing switch SW_S may
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be turned on. That is, in the second voltage sensing period, the
data switching unit 800 may disconnect the data lines DL1
through DLm from the data driver 400 and connect the data
lines DL1 through DLm to the voltage ADC 500.

[0094] In the second voltage sensing period, the switching
transistors of the pixels Pil through Pim connected to the i”
scan line SLi may remain turned off and may be disconnected
from the data lines DL1 through DLm.

[0095] In the second voltage sensing period, the leakage
currents I_I may be generated between the data lines DL1
through DLm and other pixels connected to the data lines
DL1 through DLm. The leakage currents I_I may change the
voltages of the data lines DL1 through DLm from the initial-
ization voltage Vint to second voltages V2_D1 through
V2_Dm.

[0096] In the second voltage sensing period, the voltage
ADC 500 may receive the voltage levels (i.e., data signals) of
the data lines D1 through DLm as analog sensing signals,
convert the analog sensing signals into digital sensing signals,
and transmit the digital sensing signals to the memory 230 of
the control unit 200.

[0097] In a data rewriting period, the data switch SW_D
may be turned on, and the sensing switch SW_S may be
turned off. That is, in the data rewriting period, the data
switching unit 800 may connect the data lines DL1 through
DLm to the data driver 400 and disconnect the data lines DL1
through DLm from the voltage ADC 500.

[0098] Thedatadriver 400 may outputagain the data output
signals DO1 through DOm which were transmitted to the
pixels Pil through Pim connected to the i scan line SLi
before the sensing operation, and the pixels Pil through Pim
may emit light corresponding to the original data signals. In
some embodiments, if the sensing operation is performed in
the standby period from the end of one frame to a next frame,
the data rewriting period may be omitted.

[0099] A series of sensing operations on the pixels Pil
through Pim connected to at least one scan line SLi may be
performed within one frame. This is because amounts of
current leaked to other pixels not sensed vary according to
levels of data voltages applied to the unsensed pixels and
amounts of driving current flowing in response to the data
voltages. Therefore, if the first voltage sensing period and the
second voltage sensing period exist in different frames, the
amounts of leakage current and voltage changes of the data
lines DL1 through DLm due to the leakage currents may be
different in the first voltage sensing period and the second
voltage sensing period.

[0100] In addition, the first voltage sensing period and the
second voltage sensing period may have substantially the
same (e.g., equal) lengths or durations. The generation of
leakage currents and the voltage variations of the data lines
DL1 through DLm due to the leakage currents may be con-
tinued during the first voltage sensing period and the second
voltage sensing period. Therefore, if the lengths or durations
of the first voltage sensing period and the second voltage
sensing period are substantially the same (e.g., equal), the
amounts of leakage current and the voltage variations of the
data lines DL1 through DLm due to the leakage currents may
be substantially the same (e.g., equal) in the first voltage
sensing period and the second voltage sensing period.
[0101] The image data corrector 220 may read from the
memory 230 the digital sensing signals corresponding to the
firstvoltages V1_D1 through V1_Dm received during the first
voltage sensing period and the digital sensing signals corre-



US 2016/0203764 A1l

sponding to the second voltages V2_D1 through V2_Dm
received during the second voltage sensing period. Then, the
image data corrector 220 may identify voltages having volt-
age variations due to leakage currents removed from the first
voltages V1_D1 through V1_Dm based on the digital sensing
signals corresponding to the second voltages V2_D1 through
V2_Dm.

[0102] For example, in some embodiments, the initializa-
tion voltage Vint may be a predetermined voltage and may be
applied equally to the pixels Pil through Pim connected to the
i scan line SLi. Differences between the initialization volt-
age Vint and the sensed second voltages V2_D1 through
V2_Dm may correspond to leakage voltages AV, ... D1
through AV, ;... Dm corresponding to currents leaked from
the data lines DL1 through DLm, respectively. Therefore, by
subtracting the second voltages V2_D1 through V2_Dm from
the first voltages V1_D1 through V1_Dm sensed from the
data lines DL1 through DLm and then adding the initializa-
tion voltage (e.g., a predetermined initialization voltage) Vint
to the subtraction results, it is possible to identify voltages
having the leakage voltages AV, , ... D1through AV, , -
Dm (corresponding to the leakage currents) removed from the
first voltages V1_D1 through V1_Dm sensed from the data
lines DL1 through DLm.

[0103] The first voltages V1_D1 through V1_Dm that a
plurality of pixels provide to the data lines DL1 through DLm
may be voltage signals that reflect respective characteristic
differences of the pixels. The control unit 200 may identify
voltages having leakage voltage components removed from
the first voltages V1_D1 through V1_Dm based on the sensed
first voltages V1_D1 through V1_Dm and the sensed second
voltages V2_D1 through V2_Dm and output the corrected
image data IMAGE' by compensating the original image data
IMAGE for the respective characteristic differences of the
pixels using the identified voltages.

[0104] For example, in the first voltage sensing period, the
pixels Pil through Pim connected to the i” scan line SLi may
apply voltages containing threshold voltage (Vth) compo-
nents of the driving transistors to the data lines DL1 through
DLm, and the voltage levels (i.e., data signals) of the data
lines DL1 through DL.m may be charged as the first voltages
V1_D1 through V1_Dm. When the pixels Pil through Pim
operate in a low (e.g., relatively low) gray level area, that is,
when the voltage levels of the data signals transmitted to the
driving transistors are low (e.g., relatively low), the threshold
voltages Vth of the driving transistors will have a relatively
large effect on the gray levels or characteristics of the pixels
Pil through Pim.

[0105] In addition, in the first voltage sensing period, the
pixels Pil through Pim connected to the i” scan line SLi may
provide the data lines DL1 through DLm with currents cor-
responding to data signals which correspond to a specific gray
level, for example, a maximum gray level of light emitted by
an organic light-emitting diode. Accordingly, the data lines
DL1 through DLm may be charged with the first voltages
V1_D1 through V1_Dm. When the pixels Pil through Pim
operate in a high (e.g., relatively high) gray level area, that is,
when the voltage levels of the data signals transmitted to the
driving transistors are high (e.g., relatively high), the thresh-
old voltages Vth of the driving transistors will have a rela-
tively small effect on the gray levels or characteristics of the
pixels Pil through Pim. On the other hand, coefficients of
other characteristics (e.g., charge mobility, gate capacitance,
channel widths and channel lengths, etc.) of the driving tran-
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sistors will have a relatively large effect on the gray levels or
characteristics of the pixels Pil through Pim.

[0106] Insome embodiments of the present invention, the
control unit 200 may identify characteristic differences of a
plurality of pixels in the low gray level area and characteristic
differences of the pixels in the high gray level area and gen-
erate correction reference values by combining the identified
characteristic differences in the low gray level area and the
high gray level area.

[0107] That is, in order to identify the characteristic differ-
ences of the pixels in the low gray level area, the first initial-
ization period, the first voltage sensing period, the second
initialization period and the second voltage sensing period
may be performed within one frame as described above.
Then, a third initialization period, a third voltage sensing
period, a fourth initialization period, and a fourth voltage
sensing period may be performed in order to identify the
characteristic differences of the pixels in the high gray level
area.

[0108] An implementation example of the above-men-
tioned pixels and a data voltage sensing method will now be
described in detail with reference to FIGS. 4 through 6.
[0109] FIG. 4 is a circuit diagram of a pixel of the display
panel 100 of the organic light-emitting display of FIG. 1, a
data line and a scan line connected to the pixel, and the data
switching unit 800.

[0110] FIG.5is atiming diagram illustrating a data voltage
sensing operation of the circuit diagram of FIG. 4 in a low
gray level area.

[0111] FIG. 6is a timing diagram illustrating a data voltage
sensing operation of the circuit diagram of FIG. 4 in a high
gray level area.

[0112] In FIG. 4, one Pij of a plurality of pixels of the
display panel 100, a scan line SLi and a data line DL con-
nected to the pixel Pij, and other signal lines are illustrated.
[0113] Referring to the circuit diagram of FIG. 4, the pixel
Pij of the display panel 100 may include first through sixth
transistors T1 through T6, and the first through sixth transis-
tors T1 through T6 may be p-channel metal oxide semicon-
ductor (PMOS) transistors.

[0114] The first transistor T1 may be a transistor that
adjusts the amount of current supplied to an organic light-
emitting diode and may correspond to a driving transistor
mentioned above with reference to FIGS. 1 through 3. A node
S connected to a source terminal of the first transistor T1 may
be connected to a drain terminal of the fourth transistor T4,
and the source terminal of the first transistor T1 may be
connected to the first power source ELVDD via the fourth
transistor T4. A node D connected to a drain terminal of the
first transistor T1 may be connected to an anode ofthe organic
light-emitting diode, and the drain terminal of the first tran-
sistor T1 may be connected to the second power source
ELVSS via the organic light-emitting diode.

[0115] During the light emission of the organic light-emit-
ting diode, the second power source ELVSS may have a lower
voltage level than the first power source ELVDD, a driving
current flowing through the first transistor T1 may be gener-
ated by a voltage difference between the first power source
ELVDD and the second power source ELVSS, and the first
transistor T1 may operate in a saturated area.

[0116] The second transistor T2 may be a transistor that
switches to control whether or not a node G connected to a
gate terminal of the first transistor T1 is connected (e.g.,
electrically connected) to the data line DLj. The second tran-
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sistor T2 may correspond to a switching transistor mentioned
above withreferenceto FIGS. 1 through 3. A drain terminal of
the second transistor T2 may be connected to the node G
connected to the gate terminal of the first transistor T1, and a
source terminal of the second transistor T2 may be connected
to the data line DLj. A gate terminal of the second transistor
T2 may be connected to the scan line SLi and may receive a
scan signal SCAN from the scan line SLi.

[0117] The third transistor T3 may be a transistor that
switches to control whether or not the drain terminal of the
first transistor T1 and the node D connected to the anode of the
organic light-emitting diode is connected (e.g., electrically
connected) to the data line DLj. A source terminal of the third
transistor T3 may be connected to the node D connected to the
drain terminal of the first transistor T1, and a drain terminal of
the third transistor T3 may be connected to the data line DL;j.
A sensing voltage SENSE may be applied to a gate terminal
of the third transistor T3, and the third transistor T3 may
switch to control whether or not the node D connected to the
drain terminal of the first transistor T1 is connected (e.g.,
electrically connected) to the data line DL;j in response to the
sensing voltage SENSE.

[0118] The fourth transistor T4 is a transistor that switches
to control whether or not the node S connected to the source
terminal of the first transistor T1 is connected (e.g., electri-
cally connected) to the first power source ELVDD. That is, the
fourth transistor T4 may allow or block the supply of a voltage
or current to the first transistor T1 and serve as a switch that
rapidly turns the organic light-emitting diode on or off.
[0119] Thedrainterminal of the fourth transistor T4 may be
connected to the node S connected to the source terminal of
the first transistor T1, and a source terminal of the fourth
transistor T4 may be connected to the first power source
ELVDD. A gate terminal of the fourth transistor T4 may be
connected to an emission voltage EM, and the fourth transis-
tor T4 may switch to control whether or not the first power
source ELVDD is connected (e.g., electrically connected) to
the node S connected to the source terminal of the first tran-
sistor T1 in response to the emission voltage EM.

[0120] The fifth transistor T5 is a transistor that switches to
control whether or not a sustain voltage Vsus is applied to the
node S connected to the source terminal of the first transistor
T1. The sustain voltage Vsus may be applied to a source
terminal of the fifth transistor T5, and a drain terminal of the
fifth transistor T5 may be connected to the node S connected
to the source terminal of the first transistor T1. A gate terminal
of the fifth transistor T5 may be connected to the scan line
SLi. The gate terminal of the fifth transistor T5 may receive
the scan signal SCAN from the scan line SLi and switch to
control whether to turn on or off the fifth transistor T5 based
on the scan signal SCAN.

[0121] The sixthtransistor T6 is a transistor that switches to
control whether or not the node G connected to the gate
terminal of the first transistor T1 is connected (e.g., electri-
cally connected) to the node S connected to the source termi-
nal of the first transistor T1. A source terminal of the fifth
transistor T6é may be connected to the node S connected to the
source terminal of the first transistor T1, and a drain terminal
of the sixth transistor T6 may be connected to the node G
connected to the gate terminal of the first transistor T1. A bias
voltage BIAS may be applied to a gate terminal of the sixth
transistor T6, and the sixth transistor T6é may connect or
disconnect the node S connected to the source terminal of the
first transistor T1 and the node G connected to the gate ter-
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minal of the first transistor T1 to or from each other in
response to the bias voltage BIAS.

[0122] A storage capacitor Cg; may be connected in par-
allel to the sixth transistor T6. Respective terminals of the
storage capacitor C;; may be connected to the node S con-
nected to the source terminal of the first transistor T1 and the
node G connected to the gate terminal of the first transistor
T1.

[0123] With reference to FIG. 5, a description will now be
given of a low gray level sensing operation for sensing a
voltage related to the threshold voltage Vth of the first tran-
sistor T1 when the pixel Pij operates in the low gray level area,
that is, when the voltage level of a data signal Dj transmitted
to the gate terminal of the first transistor T1 is low (e.g.,
relatively low).

[0124] Referring to FIG. 5, the low gray level sensing
operation may include a first initialization period, a threshold
voltage sensing period, a second initialization period, a leak-
age current sensing period, and a data rewriting period. In
some embodiments, the data rewriting period may be omitted.
[0125] In all periods of the low gray level sensing opera-
tion, the second power source ELVSS and the bias voltage
BIAS may maintain a high voltage (e.g., a turn-off voltage).
Accordingly, in all periods of the low gray level sensing
operation, a current may be blocked from flowing through the
organic light-emitting diode, and the sixth transistor T6 may
be turned off.

[0126] In the first initialization period, the data switch
SW_D may be turned on, and the sensing switch SW_S may
be turned off. That is, in the first initialization period, the data
switching unit 800 may connect the data lines DL1 through
DLm to the data driver 400 and disconnect the data lines DL1
through DLm from the voltage ADC 500.

[0127] In the first initialization period, the data driver 400
may output the initialization voltage Vint as the data output
signals DO1 through DOm in response to the data control
signal DCS from the timing controller 210, and data signals
corresponding to the initialization voltage Vint may be pro-
vided to all data lines DL1 through DLm.

[0128] In the first initialization period, the scan voltage
(signal) SCAN may maintain a low voltage (e.g., a turn-on
voltage), the emission voltage EM may maintain a high volt-
age (e.g., aturn-off voltage), and the sensing voltage SENSE
may maintain a high voltage (e.g., a turn-off voltage).
[0129] Accordingly, the second transistor T2 and the fifth
transistor T5 may be turned on, the fourth transistor T4 may
be turned off, and the third transistor T3 may be turned off.
[0130] Therefore, in the first initialization period, the ini-
tialization voltage Vint may be applied to the data line DL
and the node G connected to the gate terminal of the first
transistor T1, and the sustain voltage Vsus may be applied to
the node S connected to the source terminal of the first tran-
sistor T1.

[0131] In the threshold voltage sensing period, the data
switch SW_D may be turned off, and the sensing switch
SW_S may be turned on. That is, in the threshold voltage
sensing period, the data switching unit 800 may disconnect
the data lines DL1 through DLm from the data driver 400 and
connect the data lines DL1 through DLm to the voltage ADC
500.

[0132] In the threshold voltage sensing period, the scan
voltage SCAN may maintain a low voltage (e.g., a turn-on
voltage), the emission voltage EM may maintain a high volt-
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age (e.g., aturn-off voltage), and the sensing voltage SENSE
may maintain a low voltage (e.g., a turn-on voltage).

[0133] Accordingly, the second transistor T2 and the fifth
transistor T5 may be turned on, the fourth transistor T4 may
be turned off, and the third transistor T3 may be turned on.
[0134] That is, the node G connected to the gate terminal of
the first transistor T1 and the node D connected to the drain
terminal of the first transistor T1 may be electrically con-
ducted to each other via the third transistor T3, the data line
DL}, and the second transistor T2. Accordingly, a diode con-
nection in which the drain terminal and the gate terminal of
the first transistor T1 are connected may be formed in the first
transistor T1. Since the first transistor T1 forms the diode
connection and the sustain voltage Vsus is applied to the
source terminal of the first transistor T1, a voltage applied to
the gate terminal or the drain terminal of the first transistor T1
corresponds to Vsus—|Vthl. Therefore, the voltage level of the
data line DLj increases to Vsus—|Vthl. Here, [Vih| represents
an absolute value of the threshold voltage Vth of the first
transistor T1, and Vsus represents the sustain voltage Vsus
provided by the fifth transistor T5.

[0135] Insome embodiments, the sustain voltage Vsus has
a predetermined value and is applied equally to a plurality of
pixels. The voltage ADC 500 may identify the voltage level of
the first transistor T1 by sensing the level (Vsus-IVthl) of the
voltage charged in the data line DLj during the threshold
voltage sensing period. However, as described above with
reference to FIGS. 1 through 3, a current may leak to other
pixels P1;j through Pnj connected to the data line DIj and not
sensed. Therefore, the level of the voltage charged in the data
line DILj should reflect a leakage voltage difference compo-
nent AV, .00 p; corresponding to an error due to the leak-
age current. Accordingly, the voltage level of the data line DI
sensed by the voltage ADC 500 may be Vsus—[Vth/+AV.
age_py-

[0136] The voltage ADC 500 may receive the voltage level
(Vsus=IVIhI+AVy, 4. ;) OF the data line DLj as an analog
signal, convert the analog signal into a digital sensing signal,
and transmit the digital sensing signal to the memory 230 of
the control unit 200.

[0137] In the second initialization period, the data switch
SW_D may be turned on, and the sensing switch SW_S may
be turned off. That is, in the second initialization period, the
data switching unit 800 may connect the data lines DL1
through DLm to the data driver 400 and disconnect the data
lines DL1 through DLm from the voltage ADC 500.

[0138] In the second initialization period, the data driver
400 may output the initialization voltage Vint as the data
output signals DO1 through DOm in response to the data
control signal DCS from the timing controller 210, and data
signals corresponding to the initialization voltage Vint may
be provided to all data lines DL.1 through DLm.

[0139] In the second initialization period, the scan voltage
SCAN may maintain a high voltage (e.g., a turn-off voltage),
the emission voltage EM may maintain a low voltage (e.g., a
turn-on voltage), and the sensing voltage SENSE may main-
tain a high voltage (e.g., a turn-off voltage).

[0140] Accordingly, the second transistor T2, the third tran-
sistor T3 and the fifth transistor T5 may be turned off, and the
fourth transistor T4 may be turned on.

[0141] Therefore, in the second initialization period, the
initialization voltage Vint may be applied to the data line DL,
and the data line DLj may be disconnected from the pixel Pij.

leack™
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[0142] 1In the leakage current sensing period, the data
switch SW_D may be turned off. and the sensing switch
SW_S may be turned on. That is, in the leakage current
sensing period, the data switching unit 800 may disconnect
the data lines DL1 through DLm from the data driver 400 and
connect the data lines DL1 through DLm to the voltage ADC
500.

[0143] Inthe leakage current sensing period, the scan volt-
age SCAN may maintain a high voltage (e.g., a turn-off
voltage), the emission voltage EM may maintain a low volt-
age (e.g., a turn-on voltage), and the sensing voltage SENSE
may maintain a high voltage (e.g., a turn-off voltage).
[0144] Accordingly, the second transistor T2, the third tran-
sistor T3 and the fifth transistor T5 may be turned off, and the
fourth transistor T4 may be turned on.

[0145] That is, the data line DLj and the pixel Pij may be
disconnected from each other, and the initialization voltage
Vint charged in the data line DILj during the second initial-
ization period may leak to the pixels P1j through Pnj con-
nected to the data line DL during the leakage current sensing
period. Accordingly, the voltage level of the data line DL
may be Vint-AV;, ;... n, obtained by subtracting the leak-
age voltage difference AV, ... p,; due to the leakage cur-
rent from the initialization voltage Vint.

[0146] In the leakage current sensing period, the voltage
ADC 500 may receive the voltage level (Vint-AV,, ... r)
of the data line DL as an analog signal, convert the analog
signal into a digital sensing signal, and transmit the digital
sensing signal to the memory 230 of the control unit 200.
[0147] In some embodiments, the initialization voltage
Vint has a predetermined value and is applied equally to a
plurality of pixels. Accordingly, in the leakage current sens-
ing period, the control unit 200 can accurately sense the
leakage voltage difference AV, ... p, due to the leakage
current from the voltage level (Vint-AV,,, ... ;) of the
sensed data line DL}j.

[0148] Forexample, in some embodiments, the control unit
200 can identify a voltage containing the threshold voltage
component of the first transistor T1 by subtracting the voltage
level (Vint=-AV,, ... r;) of the data line DLj sensed during
the leakage current sensing period from the voltage level
(Vsus=IVthI+AVy, 4. 1;) OF the data line DLj sensed dur-
ing the threshold voltage sensing period and then adding the
predetermined value of the initialization voltage Vint to the
subtraction result ((Vsus-IVthl+AV )-Vint-AV-
ZeackageiDj)'

[0149] That is, the controlunit 200 can produce an equation
of  (Vsus=IVthI+AV,, 1o p)=VII=AV, | oo+ ViDE
(Vsus—I1Vthl). In some embodiments, because the sustain
voltage Vsus also has a predetermined value, the control unit
200 can identify the threshold voltage Vth of the first transis-
tor T1 that reflects the leakage current.

[0150] The control unit 200 may identify a Vsus-IVthl
value corresponding to each pixel and store the identified
Vsus—-IVthlvalue in the memory 230. The Vsus—IVthl value
of each pixel stored in the memory 230 will hereinafter be
referred to as a memorized voltage V, ., .

[0151] A series of low gray level sensing operations on at
least one pixel Pij may be performed within one frame. This
is because amounts of current leaked to other pixels not
sensed vary according to levels of data voltages applied to the
unsensed pixels and amounts of driving current flowing in
response to the data voltages. Therefore, if the threshold
voltage sensing period and the leakage current sensing period
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exist in different frames, the amounts of leakage current and
voltage changes of the data lines DL1 through DLm dueto the
leakage currents may be different in the threshold voltage
sensing period and the leakage current sensing period.
[0152] Inaddition, the threshold voltage sensing period and
the leakage current sensing period may have substantially the
same (e.g., equal) lengths or durations. The generation of
leakage currents and the voltage variations of the data lines
DL1 through DLm due to the leakage currents may be con-
tinued during the threshold voltage sensing period and the
leakage current sensing period. Therefore, if the lengths or
durations of the threshold voltage sensing period and the
leakage current sensing period are substantially the same
(e.g., equal), the amounts of leakage current and the voltage
variations of the data lines DL1 through DLm due to the
leakage currents may be substantially the same (e.g., equal)in
the threshold voltage sensing period and the leakage current
sensing period.

[0153] In the data rewriting period, the data switch SW_D
may be turned on, and the sensing switch SW_S may be
turned off. That is, in the data rewriting period, the data
switching unit 800 may connect the data lines DL1 through
DLm to the data driver 400 and disconnect the data lines DL.1
through DLm from the voltage ADC 500.

[0154] Thedatadriver 400 may output again the data output
signals DO1 through DOm which were transmitted to the
pixels Pil through Pim connected to the i scan line SLi
before the sensing operation, and the pixels Pil through Pim
may emit light corresponding to the original data signals. In
some embodiments, if the sensing operation is performed in
the standby period from the end of one frame to a next frame,
the data rewriting period may be omitted.

[0155] With reference to FIG. 6, a description will now be
given of a high gray level sensing operation for identifying a
characteristic difference of the first transistor T1 when the
pixel Pij operates in the high gray level area, that is, when a
relatively large current flows through the first transistor T1.
[0156] Referring to FIG. 6, the high gray level sensing
operation may include a reference voltage (Vref) writing
period, a first initialization period, a reference charged volt-
age difference (AV,,) sensing period, a second initialization
period, a leakage current sensing period, and a data rewriting
period. In some embodiments, the data rewriting period may
be omitted.

[0157] In all periods of the high gray level sensing opera-
tion, the second power source ELVSS and the bias voltage
BIAS may maintain a high voltage (e.g., a turn-off voltage).
Accordingly, in all periods of the high gray level sensing
operation, a current may be blocked from flowing through the
organic light-emitting diode, and the sixth transistor T6 may
be turned off.

[0158] In the reference voltage writing period, the data
switch SW_D may be turned on, and the sensing switch
SW_S may be turned off. That is, in the reference voltage
writing period, the data switching unit 800 may connect the
data lines DL1 through DLm to the data driver 400 and
disconnect the data lines D1 through DLm from the voltage
ADC 500.

[0159] In the reference voltage writing period, the data
driver 400 may output a voltage signal obtained by subtract-
ing a reference voltage Vref from the memorized voltage
Ve recorded in the memory 230 during the low gray level
sensing operation as a data output signal in response to the
data control signal DCS from the timing controller 210. A
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data signal corresponding to the voltage signal obtained by
subtracting the reference voltage Vref from the memorized
voltage V., may be transmitted to each data line.

[0160] In the reference voltage writing period, the scan
voltage SCAN may maintain a low voltage (e.g., a turn-on
voltage), the emission voltage EM may maintain a high volt-
age (e.g., aturn-off voltage), and the sensing voltage SENSE
may maintain a high voltage (e.g., a turn-off voltage).
[0161] Accordingly, the second transistor T2 and the fifth
transistor T5 may be turned on, the fourth transistor T4 may
be turned off, and the third transistor T3 may be turned off.
[0162] Therefore, in the reference voltage writing period,
the voltage (V,z,,~ Vref) obtained by subtracting the refer-
ence voltage Vref from the memorized voltage V-, ,may be
applied to the data line DLj and the node G connected to the
gate terminal of the first transistor T1, and the sustain voltage
Vsus may be applied to the node S connected to the source
terminal of the first transistor T1.

[0163] In the first initialization period, the data switch
SW_D may be turned on, and the sensing switch SW_S may
be turned off. That is, in the first initialization period, the data
switching unit 800 may connect the data lines DL1 through
DLm to the data driver 400 and disconnect the data lines DL1
through DLm from the voltage ADC 500.

[0164] In the first initialization period, the data driver 400
may output the initialization voltage Vint as the data output
signals DO1 through DOm in response to the data control
signal DCS from the timing controller 210, and data signals
corresponding to theinitialization voltage Vint may be pro-
vided to all data lines D1 through DLm.

[0165] In the first initialization period, the scan voltage
SCAN may maintain a high voltage (e.g., a turn-off voltage),
the emission voltage EM may maintain a low voltage (e.g., a
turn-on voltage), and the sensing voltage SENSE may main-
tain a high voltage (e.g., a turn-off voltage).

[0166] Accordingly, the second transistor T2, the third tran-
sistor T3 and the fifth transistor T5 may be turned on, and the
fourth transistor T4 may be turned off.

[0167] Therefore, in the first initialization period, the data
line DLj may be electrically disconnected from the pixel Pjj
by the turned-off second and third transistors T2 and T3, and
the data line DLj may be maintained at the level of the ini-
tialization voltage Vint. In addition, the node S connected to
the source terminal of the first transistor T1 may be connected
to the first power source ELVDD by the fourth transistor T4,
and the voltage level of the node S connected to the source
terminal of the first transistor T1 may be substantially the
same as (e.g., equal to) the voltage level of the first power
source ELVDD. In addition, since the storage capacitor Cgyq
is charged with a voltage difference of (V, -, ,~ Vref)-Vsus in
the reference voltage writing period, the node S connected to
the source terminal of the first transistor T1 may have a
voltage level of (Vyz~Vref)-Vsus+ELVDD=(Vsus—
[VthI-Vref)-Vsus+ELVDD=ELVDD-Vref-|Vthl.

[0168] In the reference charged voltage difference sensing
period, the data switch SW_D may be turned off, and the
sensing switch SW_S may be turned on. That is, in the refer-
ence charged voltage difference sensing period, the data
switching unit 800 may disconnect the data lines DL1
through DLm from the data driver 400 and connect the data
lines DL1 through DLm to the voltage ADC 500.

[0169] In the reference charged voltage difference sensing
period, the scan voltage SCAN may maintain a high voltage
(e.g., aturn-off voltage), the emission voltage EM may main-
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tain a low voltage (e.g., a turn-on voltage), and the sensing
voltage SENSE may maintain a low voltage (e.g., a turn-on
voltage).

[0170] Accordingly, the second transistor T2 and the fifth
transistor T5 may be turned off, and the third transistor T3 and
the fourth transistor T4 may be turned on.

[0171] That is, the node D connected to the drain terminal
of the first transistor T1 and the data line DILj may be electri-
cally connected with each other, and a driving current I,
flowing through the first transistor T1 may charge the data line
DLj. In the reference charged voltage difference sensing
period, the degree of variation in the voltage level of the data
line DLj may be represented by a reference charged voltage
difference AV,

[0172] Here, the reference charged voltage difference
AV, ,may be given by Equation (2):

i+ Iy ()

[0173] where t, is the duration of the reference charged
voltage difference sensing period, and C,,,, is capacitance
of the data line DL;j. In an embodiment of the present inven-
tion, the reference charged voltage difference sensing period
and the leakage current sensing period may have substantially
the same (e.g., equal) lengths or durations. Therefore, t, may
also represent the duration of the leakage current sensing
period. In some embodiments, the initialization voltage Vint
has a predetermined value and is applied equally to a plurality
of pixels. Therefore, the voltage ADC 500 can identify the
reference charged voltage difference AV, . by sensing the
level (Vint+AV,,, ) of the voltage charged in the data line DL
during the reference charged voltage difference sensing
period. However, as described above with reference to FIGS.
1through 3, a current may leak to other pixels P1j through Pnj
connected to the data line DLj and not sensed. Therefore, the
level of the voltage charged in the data line DLj should reflect
the leakage voltage difference component AV, ;... n; €Ot
responding to an error due to the leakage current. Accord-
ingly, the voltage level of the data line DL sensed by the
voltage ADC 500 may be VInt+AV,,, 4AV 1, hvee 1y

[0174] The voltage ADC 500 may receive the voltage level
(VInt+AV AV, oo 1) Of the data line DLj as an analog
signal, convert the analog signal into a digital sensing signal,
and transmit the digital sensing signal to the memory 230 of
the control unit 200.

[0175] In the second initialization period, the data switch
SW_D may be turned on, and the sensing switch SW_S may
be turned off. That is, in the second initialization period, the
data switching unit 800 may connect the data lines DL1
through DLm to the data driver 400 and disconnect the data
lines DL1 through DLm from the voltage ADC 500.

[0176] In the second initialization period, the data driver
400 may output the initialization voltage Vint as the data
output signals DO1 through DOm in response to the data
control signal DCS from the timing controller 210, and data
signals corresponding to the initialization voltage Vint may
be provided to all data lines DL.1 through DLm.

[0177] In the second initialization period, the scan voltage
SCAN may maintain a high voltage (e.g., a turn-off voltage),
the emission voltage EM may maintain a low voltage (e.g., a
turn-on voltage), and the sensing voltage SENSE may main-
tain a high voltage (e.g., a turn-off voltage).
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[0178] Accordingly, the second transistor T2, the third tran-
sistor T3 and the fifth transistor T5 may remain turned off, and
the fourth transistor T4 may remain turned on.

[0179] Therefore, in the second initialization period, the
initialization voltage Vint may be applied to the data line DL,
and the data line DIj may be disconnected from the pixel Pjj.
[0180] In the leakage current sensing period, the data
switch SW_D may be turned off, and the sensing switch
SW_8S may be turned on. That is, in the leakage current
sensing period, the data switching unit 800 may disconnect
the data lines DL1 through DLm from the data driver 400 and
connect the data lines DL1 through DLm to the voltage ADC
500.

[0181] Inthe leakage current sensing period, the scan volt-
age SCAN may maintain a high voltage (e.g., a turn-off
voltage), the emission voltage EM may maintain a low volt-
age (e.g., a turn-on voltage), and the sensing voltage SENSE
may maintain a high voltage (e.g., a turn-off voltage).
[0182] Accordingly, the second transistor T2, the third tran-
sistor T3 and the fifth transistor T5 may remain turned off, and
the fourth transistor T4 may remain turned on.

[0183] That is, the data line DLj and the pixel Pij may be
disconnected from each other, and the initialization voltage
Vint charged in the data line DLj during the second initial-
ization period may leak to the pixels P1j through Pnj con-
nected to the data line DIj during the leakage current sensing
period. Accordingly, the voltage level of the data line DL
may be Vint-AV,,_ ;... n, obtained by subtracting the leak-
age voltage difference AV, ... p; due to the leakage cur-
rent from the initialization voltage Vint.

[0184] In the leakage current sensing period, the voltage
ADC 500 may receive the voltage level (Vint=AV,, . 4. 1)
of the data line DL as an analog signal, convert the analog
signal into a digital sensing signal, and transmit the digital
sensing signal to the memory 230 of the control unit 200.
[0185] In some embodiments, the initialization voltage
Vint has a predetermined value and is applied equally to a
plurality of pixels. Accordingly, in the leakage current sens-
ing period, the control unit 200 can accurately sense the
leakage voltage difference AV, 4. p; due to the leakage
current from the voltage level (Vint-AV,,, ... ;) of the
sensed data line DL}j.

[0186] For example, the control unit 200 can identify the
reference charged voltage difference AV, without the leak-
age current component by subtracting the voltage level (Vint-
AV ackage_ny) Of the data line DLj sensed during the leakage
current sensing period from the voltage level (Vint+AV,
AV, porage_py) 0Tthe data line DLj sensed during the reference
charged voltage difference sensing period.

[0187] The control unit 200 can identify the reference
charged voltage difference AV, -of each pixel and store the
identified reference charged voltage difference AV, in the
memory 230.

[0188] However, in an embodiment of the present inven-
tion, the reference charged voltage difference AV, -of each
pixel may not be recorded in the memory 230. Instead, the
reference charged voltage difference AV, of each pixel may
be compared with a target charged voltage difference AV;
rarger L1€D, the reference voltage Vref of each pixel may be
increased or decreased according to the comparison result,
and the increased or decreased reference voltage Vref of each
pixel may be stored in the memory 230. In another embodi-
ment of the present invention, the reference voltage Vref of
each pixel may be a fixed value, and an offset value for the
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reference voltage Vref may be stored in the memory 230
according to the comparison result between the sensed refer-
ence charged voltage difference AV, -and the target charged
voltage difference AV, ..
[0189] For example, the target charged voltage difference
AV 74ree, May be given by Equation (3):

I+ Irgf (3)
Cpara’

AVlrarger =

[0190] wheret, corresponds to the duration of the reference
charged voltage difference sensing period and the duration of
the leakage current sensing period, and C,,,, is capacitance
of the data line DL;j. Iref is a reference current value, for
example, a current value corresponding to a reference data
signal generated when a plurality of pixels of the display
panel 100 operate ideally without characteristic differences.
For example, Iref may be a driving current value for a data
signal corresponding to a maximum gray value.

[0191] The control unit 200 compares the reference
charged voltage difference AV, of each pixel with the target
charged voltage difference AV, ... Then, the control unit
200 reduces the driving current I, flowing through each pixel
whose reference charged voltage difference AV, is smaller
than the target charged voltage difference AV, .., by
decreasing the reference voltage Vref of the pixel. In addition,
the control unit 200 increases the driving current I, flowing
through each pixel whose reference charged voltage differ-
ence AV, is greater than the target charged voltage differ-
ence AV, ... by increasing the reference voltage Vref of the
pixel. The increased or decreased reference voltage Vref of
each pixel may be recorded and updated in the memory 230.
[0192] The above high gray level sensing operation may be
performed repeatedly, and the reference voltage Vref of each
pixel may be cumulatively updated such that the reference
charged voltage difference AV, . of each pixel gradually
reaches the target charged voltage difference AV, ;..
[0193] That is, the repeated update of the reference voltage
Vref of each pixel may cause the reference current Iref to be
the same or substantially the same as the driving current I,
flowing through the first transistor T1.

[0194] The current flowing through the first transistor T1 of
the pixel Pij may be given by Equation (4):

Lep = l/JC K(VSG = [Val? “
ref = HCor T
1 w 2
= E/Jcoxz(vref + ‘Vrhl - |Vrh|)

1 w o,
= E/-‘Cox T Vrzfﬂ

[0195] where p, C_, W, and L respectively are charge
mobility, gate capacitance per unit area, channel width and
channel length of the first transistor T1, that is, unique char-
acteristic coefficients of each transistor. It can be noted that
Equation (4) has the threshold voltage component removed
from Equation (1) which defines a driving current flowing
through a driving transistor of a pixel.

[0196] Assuming that the threshold voltages Vth of the first
transistors T1 of a plurality of pixels are not different or not
significantly different, the threshold voltages Vth of the first
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transistors T1 of all pixels may have a voltage of, e.g., 03V
in the high gray level sensing operation, and the reference
voltage Vref shown in Equation (4) may be identified through
the high gray level sensing operation.

[0197] Alternatively, considering the differences between
the threshold voltages Vth of the first transistors T1 of the
pixels, the threshold voltage Vth of the first driving transistor
T1 of each pixel may be sensed through the above-described
low gray level sensing operation and then removed from the
reference current Iref identified through the high gray level
sensing operation.

[0198] When the driving current 1, flowing through the
sensed first transistor T1 becomes the same or substantially
the same as the reference driving current Iref by the repeated
update of the reference voltage Vref of each pixel, the value of
the updated reference voltage Vref, rearranged from Equation
(4), may be given by Equation (5):

Q)

Uy

Viep =

c w
#oxz

[0199] Values finally stored in the memory 230 may be
values of the memorized voltage (V,,,~Vsus-IVthl) and
reference voltage Vref of each pixel. These values may be
continuously updated to compensate for changes in the char-
acteristic difference of the first driving transistor T1 of each
pixel over time.

[0200] A display operation of the organic light-emitting
display performing the low gray level sensing operation and
the high gray level sensing operation will now be described
with reference to FIG. 7.

[0201] FIG. 7 is a timing diagram illustrating a display
operation of the organic light-emitting display of FIG. 1.
[0202] In FIG. 7, the display operation of the pixels Pil
through Pim connected to the i,,, scan line SLi is illustrated as
an example.

[0203] Referring to FIGS. 4 and 7, during the display
operation of the organic light-emitting display according to
the embodiment of FIG. 1, the data switch SW_D may be
turned on, and the sensing switch SW_S may be turned off.
The third transistor T3 may be turned off by the sensing
voltage SENSE applied as a high voltage (e.g., a turn-off
voltage), and the voltage of the second power source ELVSS
may be sufficiently lower than that of the first power source
ELVDD.

[0204] The display operation of the i* scan line SLi illus-
trated in FIG. 7 may include an off-bias period, a data writing
period, and an emission period.

[0205] In the off-bias period, the bias voltage BIAS may
maintain a turn-on voltage, the scan voltage SCAN of the i
scan line SLi may maintain a turn-off voltage, and the emis-
sion voltage EM may maintain a turn-on voltage.

[0206] That is, during the off-bias period, the sixth transis-
tor T6 and the fourth transistor T4 may be turned on, and the
second transistor T2 and the fifth transistor T5 may be turned
off.

[0207] The sensing voltage SENSE may maintain a high
voltage (e.g., a turn-off voltage) during the entire period of the
display operation, and the third transistor T3 may remain
turned off during the entire period of the display operation.
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[0208] 1Inthe off-bias period, since the sixth transistor T6 is
turned on, the first transistor T1 may remain in an off-biased
state. That s, the voltage of the node S connected to the source
terminal of the first transistor T1 may be the same or substan-
tially the same as the voltage of the node G connected to the
gate terminal of the first transistor T1. In addition, since a
source-gate voltage Vgs of the first transistor T1 is zero, the
first transistor T1 may remain turned off. In the off-bias
period, since the fourth transistor T4 is turned on, the voltage
of the node S connected to the source terminal of the first
transistor T1 and the voltage of the node G connected to the
gate terminal of the first transistor T1 may be at the same or
substantially the same level as the voltage of the first power
source ELVDD.

[0209] In the data writing period, the bias voltage BIAS
may be a high voltage (e.g., a turn-off voltage), the scan
voltage SCAN of the i” scan line SLi may be a low voltage
(e.g., aturn-on voltage), and the emission voltage EM may be
a high voltage (e.g., turn-off voltage).

[0210] That is, in the data writing period, the second tran-
sistor T2 and the fifth transistor T5 may be turned on, and the
sixth transistor T6 and the fourth transistor T4 may be turned
off. As described above, the third transistor T3 may remain
turned off during the entire period of the display operation.
[0211] In the data writing period, the data driver 400 may
output to the data lines DL1 through DLm the data output
signals DO1 through DOm corresponding to data signals of
the pixels Pil through Pim connected to the i” scan line SLi,
and a data voltage Vdata may be applied to the node G
connected to the gate terminal of the first transistor T1 of each
of the pixels Pil through Pim connected to the i” scan line
SLi.

[0212] Inaddition, in the data writing period, since the fifth
transistor T5 is turned on, the sustain voltage Vsus may be
applied to the node S connected to the source terminal of the
first transistor T1.

[0213] In addition, since the sixth transistor T6 remains
turned off, the storage capacitor C;; may be charged with a
voltage corresponding to a difference between the data volt-
age Vdata and the sustain voltage Vsus.

[0214] Here, the data voltage Vdata applied to each of the
pixels Pil through Pim may be determined using the memo-
rized voltage V, 4, stored in the memory 230 for each of the
pixels Pil through Pim and the reference voltage Vref and
may be given by Equation (6):

3 O]
D_datay2
Vaaw = Vuem - Vref(w]

[0215] where n is a bit number determining the number of
gray levels that a pixel can express, D_data is a gray level
expressed by each pixel in image data, and y is a gamma
correction constant of, e.g., 2.2. In addition, when a pixel has
256 gray levels, n=8 (8 bits), and D_data may have a value of
0to 255 according to a gray level expressed by the pixel.
[0216] In the emission period, the bias voltage BIAS may
be a high voltage (e.g., a turn-off voltage), the scan voltage
SCAN of the i” scan line SLi may be a high voltage (e.g., a
turn-off voltage), and the emission voltage EM may be a low
voltage (e.g., a turn-on voltage).

[0217] That is, in the data writing period, the second tran-
sistor T2, the sixth transistor T6 and the fifth transistor T5
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may be turned off, and the fourth transistor T4 may be turned
on. As described above, the third transistor T3 may remain
turned off during the entire period of the display operation.
The first transistor T1 may be turned on according to the level
of the data voltage Vdata applied thereto, thereby providing a
driving current to the organic light-emitting diode.

[0218] Inthe data writing period, since the fourth transistor
T4 is turned on, the node S connected to the source terminal
of the first transistor T1 may be connected to the first power
source ELVDD, and the voltage of the node S connected to the
source terminal of the first transistor T1 may be the same or
substantially the same as the voltage of the first power source
ELVDD. In addition, the node G connected to the gate termi-
nal of the first transistor T1 may have a voltage level obtained
by adding the voltage (ELVDD) applied to the node S con-
nected to the source terminal of the first transistor T1 to the
voltage (Vdata-Vsus) charged in the storage capacitor Cgz s
during the data writing period.

[0219] That is, the voltage of the node G connected to the
gate terminal of the first transistor T1 may be given by Equa-
tion (7):

Ve = Viage — Vsus + ELVDD @)

D_data %
] — Vgys + ELVDD

Vsus = Vil = Vref(z,l—,l

Y
2

D_data
=ELVDD —|Vy| - V,Ef( ]
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[0220] In the emission period, the organic light-emitting
diode may emit light in response to the driving current flow-
ing through the first transistor T1, and the driving current
flowing through the first transistor T1 when the organic light-
emitting diode emits light may be given by Equation (8):

e o
emission = 2# ox G th
w 2
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[0221] Here, the reference current Iref may correspond to a
driving current generated when the first transistors T1 of a
plurality of pixels operate ideally without characteristic dif-
ferences, for example, a driving current generated during
light emission at a maximum gray level. Therefore, a driving
current I, ... of the first transistor T1 during light emission
may generate a current irrelevant to other characteristic coef-
ficients such as threshold voltage Vth and charge mobility.
Accordingly, this may improve the luminance uniformity of
the pixels of the display panel 100 of the organic light-emit-
ting display device.
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[0222] An organic light-emitting display according to
another embodiment of the present invention will now be
described with reference to FIGS. 8 and 9.

[0223] FIG. 8 is a circuit diagram of a pixel of a display
panel 100 of an organic light-emitting display according to
another embodiment of the present invention, a data line and
ascan line connected to the pixel, and a data switching unit (or
a data switch) 800.

[0224] FIG. 9 is a timing diagram illustrating a display
operation of the organic light-emitting display of FIG. 8.
[0225] Referring to FIG. 8, the circuit diagram of the pixel
of the display panel 100 of the organic light-emitting display
according to the current embodiment is the same or substan-
tially the same as the circuit diagram ofthe pixel of the display
panel 100 of the organic light-emitting display according to
the embodiment of FIG. 4 except that it does not include a
sixth transistor T6 and a bias voltage terminal connected to
the sixth transistor T6.

[0226] In the organic light-emitting display according to
the embodiment of FIGS. 4 through 6, the bias voltage BIAS
maintains a high level (e.g., a turn-off voltage) during the
entire period of the low gray level sensing operation and the
high gray level sensing operation to keep the sixth transistor
T6 turned off. Therefore, a low gray level sensing operation
and a high gray level sensing operation of the organic light-
emitting display according to the embodiment of FIG. 8 may
be the same or substantially the same as the low gray level
sensing operation and the high gray level sensing operation
illustrated in FIGS. 4 through 6, and thus repetitive drawings
and descriptions thereof may be omitted.

[0227] Since the display panel 100 of the organic light-
emitting display according to the current embodiment does
not include the sixth transistor T6 switched by the bias volt-
age BIAS, the display operation of the organic light-emitting
display according to the current embodiment may be different
from that of the organic light-emitting display according to
the embodiment of FIG. 7.

[0228] Referring to FIG. 9, during the display operation of
the organic light-emitting display according to the current
embodiment, a data switch SW_D may be turned on, and a
sensing switch SW_S may be turned off. A third transistor T3
may be turned off by a sensing voltage SENSE applied as a
high voltage (e.g., a turn-off voltage), and a voltage of a
second power source ELVSS may be sufficiently lower than
that of a first power source ELVDD.

[0229] The display operation of an i” scan line SLi illus-
trated in FIG. 9 may include an off-bias period, a data writing
period, and an emission period.

[0230] Intheoff-bias period,ascan voltage SCAN ofthe i”"
scan line SLi may maintain a turn-on voltage, and an emission
voltage EM may maintain a turn-on voltage. In addition, a
data driver 400 may output an off voltage Voff that can turn off
a first transistor T1 as data output signals DO1 through DOm.
[0231] That is, during the off-bias period, a second transis-
tor T2 and a fifth transistor T5 may be turned on, a fourth
transistor T4 may be turned off, and the first transistor T1 may
be turned off.

[0232] Inaddition, a sustain voltage Vsus may be applied to
anode S connected to a source terminal of the first transistor
T1.

[0233] Inthe data writing period, the scan voltage SCAN of
the i” scan line SLi may be a low voltage (e.g., a turn-on
voltage), and the emission voltage EM may be a high voltage
(e.g., a turn-off voltage).
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[0234] That is, in the data writing period, the second tran-
sistor T2 and the fifth transistor T5 may be turned on, and the
fourth transistor T4 may be turned off. As described above,
the third transistor T3 may remain turned off during the entire
period of the display operation.

[0235] In the data writing period, the data driver 400 may
output to a plurality of data lines DL1 through DLm the data
output signals DO1 through DOm corresponding to data sig-
nals of pixels Pil through Pim connected to the i” scan line
SLi, and a data voltage Vdata may be applied to a node G
connected to a gate terminal of the first transistor T1 of each
of the pixels Pil through Pim connected to the i” scan line
SLi.

[0236] Inaddition, inthe data writing period, since the fifth
transistor T5 is turned on and the fourth transistor T4 is turned
off, the sustain voltage Vsus may be applied to the node S
connected to the source terminal of the first transistor T1.
[0237] In addition, a storage capacitor Cqps may be
charged with a voltage corresponding to a difference between
the data voltage Vdata and the sustain voltage Vsus.

[0238] Here, the data voltage Vdata applied to each of the
pixels Pil through Pim may be determined using a memo-
rized voltage V, .z, stored in a memory 230 for each of the
pixels Pil through Pim and a reference voltage Vref and may
be given by Equation (6) described above:

D data 3 ©
Vdow = VMEML = Vref(w]

[0239] where n is a bit number determining the number of
gray levels that a pixel can express, D_data is a gray level
expressed by each pixel in image data, and y is a gamma
correction constant of, e.g., 2.2. In addition, when a pixel has
256 gray levels, n=8 (8 bits), and D_data may have a value of
0 to 255 according to a gray level expressed by the pixel.
[0240] 1In the emission period, the scan voltage SCAN of
the i” scan line SLi may be a high voltage (e.g., a turn-off
voltage), and the emission voltage EM may be a low voltage
(e.g., a turn-on voltage).

[0241] That is, in the data writing period, the second tran-
sistor T2, the sixth transistor T6 and the fifth transistor T5
may be turned off, and the fourth transistor T4 may be turned
on. As described above, the third transistor T3 may remain
turned off during the entire period of the display operation.
The first transistor T1 may be turned on according to the level
of the data voltage Vdata applied thereto, thereby providing a
driving current to an organic light-emitting diode.

[0242] Inthe data writing period, since the fourth transistor
T4 is turned on, the node S connected to the source terminal
of the first transistor T1 may be connected to the first power
source ELVDD, and the voltage of the node S connected to the
source terminal of the first transistor T1 may be the same or
substantially the same as the voltage of the first power source
ELVDD. In addition, the node G connected to the gate termi-
nal of the first transistor T1 may have a voltage level obtained
by adding the voltage (ELVDD) applied to the node S con-
nected to the source terminal of the first transistor T1 to the
voltage (Vdata-Vsus) charged in the storage capacitor Cqp
during the data writing period.

[0243] That is, the voltage of the node G connected to the
gate terminal of the first transistor T1 may be given by Equa-
tion (7):
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[0244] In the emission period, the organic light-emitting
diode may emit light in response to the driving current flow-
ing through the first transistor T1, and the driving current
flowing through the first transistor T1 when the organic light-
emitting diode emits light may be given by Equation (8):
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[0245] Here, a reference current Iref may correspond to a
driving current generated when the first transistors T1 of a
plurality of pixels operate ideally without characteristic dif-
ferences, for example, a driving current generated during
light emission at a maximum gray level. Therefore, a driving
current, . . ofthe first transistor T1 during light emission
may generate a current irrelevant to other characteristic coef-
ficients such as threshold voltage Vth and charge mobility.
Accordingly, this may improve the luminance uniformity of
the pixels of the display panel 100 of the organic light-emit-
ting display device.
[0246] Embodiments of the present invention provide at
least one of the following features.
[0247] A characteristic difference of each pixel, in particu-
lar, a characteristic difference of a driving transistor of each
pixel may be compensated for using an external IC, thereby
improving display quality.
[0248] In addition, a sensing error due to a leakage current
may be removed in the compensation operation by the exter-
nal IC.
[0249] However, the effects of the present invention are not
limited to the one set forth herein. The above and other effects
of the present invention will become more apparent to one of
ordinary skill in the art to which the present invention pertains
by referencing the claims, and their equivalents.

What is claimed is:

1. An organic light-emitting display comprising:

a display panel comprising a plurality of pixels respec-

tively connected to a plurality of scan lines and a plural-
ity of data lines;

ascan driver configured to sequentially transmit a plurality
of scan signals to the scan lines;

16

Jul. 14,2016

a data driver configured to receive an image signal and to
output a plurality of data output signals;

a voltage analog-to-digital converter (ADC) configured to
receive analog sensing signals and to output digital sens-
ing signals;

adata switch configured to connect the data lines to the data
driver or to the voltage ADC in response to a switching
signal; and

a controller configured to receive original image data and
the digital sensing signals, to process the original image
data into the image signal based on the digital sensing
signals and provide the image signal to the data driver,
and to provide the switching signal to the data switch,

wherein the data switch is configured to connect the data
lines to the data driver, and the data driver is configured
to apply an initialization voltage to the connected data
lines, in a first initialization period,

wherein one or more of the pixels are configured to charge
one or more of the data lines with first voltages, the data
switch is configured to connect the voltage ADC to the
data lines, and the voltage ADC is configured to receive
the first voltages from the connected data lines, to con-
vert analog sensing signals corresponding to the first
voltages into digital sensing signals, and to output the
digital sensing signals to the controller, in a first sensing
period,

wherein the data switch is configured to connect the data
lines to the data driver, and the data driver is configured
to apply the initialization voltage to the connected data
lines, in a second initialization period, and

wherein the display is configured to change voltages
applied to the data lines from the initialization voltage to
second voltages, the data switch is configured to connect
the voltage ADC to the data lines, and the voltage ADC
is configured to receive the second voltages from the
connected data lines, to convert analog sensing signals
corresponding to the second voltages into digital sensing
signals and to output the digital sensing signals to the
controller, in a second sensing period.

2. The organic light-emitting display of claim 1, wherein
the first initialization period, the first sensing period, the
second initialization period, and the second sensing period
are included in a period of time during which an image of one
frame is displayed.

3. The organic light-emitting display of claim 1, wherein
the first sensing period and the second sensing period have
substantially the same lengths.

4. The organic light-emitting display of claim 1, wherein
the controller is configured to identify voltages obtained by
subtracting the second voltages from the first voltages based
on the digital sensing signals corresponding to the first volt-
ages and the digital sensing signals corresponding to the
second voltages.

5. The organic light-emitting display of claim 1, wherein at
least one of the pixels comprises first, second, third, fourth,
and fifth transistors that are p-channel metal oxide semicon-
ductor (PMOS) transistors, a node connected to a source
terminal of the first transistor is connected to a drain terminal
of the fourth transistor, the source terminal of the first tran-
sistor is connected to a first power source by the fourth tran-
sistor, a node connected to a drain terminal of the first tran-
sistor 1s connected to an anode of an organic light-emitting
diode, a cathode of the organic light-emitting diode is con-
nected to a second power source, a drain terminal of a second
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transistor is connected to a node connected to a gate terminal
ofthe first transistor, a source terminal ofthe second transistor
is connected to at least one of the data lines, a gate terminal of
the second transistor is connected to at least one of the scan
lines, a source terminal of the third transistor is connected to
the node connected to the drain terminal of the first transistor,
a drain terminal of the third transistor is connected to at least
one of the data lines, a sensing voltage is connected to a gate
terminal of the third transistor, the drain terminal of the fourth
transistor is connected to the node connected to the source
terminal of the first transistor, a source terminal of the fourth
transistor is connected to the first power source, a gate termi-
nal of the fourth transistor is connected to an emission volt-
age, a source terminal of the fifth transistor is connected to a
sustain voltage, a drain terminal of the fifth transistor is con-
nected to the node connected to the source terminal of the first
transistor, and a gate terminal of the fifth transistor is con-
nected to at least one of the scan lines.

6. The organic light-emitting display of claim 5, wherein at
least one of the pixels further comprises a sixth transistor,
wherein a source terminal of the sixth transistor is connected
to the node connected to the source terminal of the first
transistor, a drain terminal of the sixth transistor is connected
to the node connected to the gate terminal of the first transis-
tor, and a gate terminal of the sixth transistor is connected to
a bias voltage.

7. The organic light-emitting display of claim 5, wherein at
least one of the pixels further comprises a storage capacitor
connected between the node connected to the source terminal
of the first transistor and the node connected to the gate
terminal of the first transistor.

8. The organic light-emitting display of claim 1, wherein
the data switch is configured to connect the data lines to the
data driver, and the data driver is configured to apply the
initialization voltage to the connected data lines, in a third
initialization period,

wherein one or more of the pixels are configured to charge

one or more of the data lines with third voltages, the data
switch is configured to connect the voltage ADC to the
data lines, and the voltage ADC is configured to receive
the third voltages from the connected data lines, to con-
vert analog sensing signals corresponding to the third
voltages into digital sensing signals and to output the
digital sensing signals to the controller, in a third sensing
period,

wherein the data switch is configured to connect the data
lines to the data driver, and the data driver is configured
to apply the initialization voltage to the connected data
lines, in a fourth initialization period, and

wherein the display is configured to change the voltages
applied to the data lines from the initialization voltage to
fourth voltages, the data switch is configured to connect
the voltage ADC to the data lines, and the voltage ADC
is configured to receive the fourth voltages from the
connected data lines, to convert analog sensing signals
corresponding to the fourth voltages into digital sensing
signals and to output the digital sensing signals to the
controller, in a fourth sensing period.

9. The organic light-emitting display of claim 8, wherein
the first initialization period, the first sensing period, the
second initialization period, the second sensing period, the
third initialization period, the third sensing period, the fourth
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initialization period, and the fourth sensing period are
included in a period of time during which an image of one
frame is displayed.

10. The organic light-emitting display of claim 8, wherein
the first sensing period and the second sensing period have
substantially the same lengths, and the third sensing period
and the fourth sensing period have substantially the same
lengths.

11. The organic light-emitting display of claim 8, wherein
the controller is configured to identify voltages obtained by
subtracting the second voltages from the first voltages based
on the digital sensing signals corresponding to the first volt-
ages and the digital sensing signals corresponding to the
second voltages, to identify voltages obtained by subtracting
the fourth voltages from the third voltages based on the digital
sensing signals corresponding to the third voltages and the
digital sensing signals corresponding to the fourth voltages,
and to correct the image signal for each of the pixels based on
the voltages obtained by subtracting the second voltages from
the first voltages and the voltages obtained by subtracting the
fourth voltages from the third voltages.

12. An organic light-emitting display comprising:

a display panel comprising a plurality of pixels respec-
tively connected to a plurality of scan lines and a plural-
ity of data lines;

a scan driver configured to sequentially transmit a plurality
of scan signals to the scan lines;

a data driver configured to receive an image signal and to
output a plurality of data output signals;

avoltage ADC configured to receive analog sensing signals
and to output digital sensing signals;

adata switch configured to connect the data lines to the data
driver or to the voltage ADC in response to a switching
signal; and

a controller configured to receive original image data and
the digital sensing signals, to process the original image
data into the image signal based on the digital sensing
signals and provide the image signal to the data driver,
and to provide the switching signal to the data switch,

wherein at least one of the pixels comprises first, second,
third, fourth, and fifth transistors, and

wherein a node connected to a source terminal of the first
transistor is connected to a drain terminal of the fourth
transistor, the source terminal of the first transistor is
connected to a first power source by the fourth transistor,
anode connected to a drain terminal of the first transistor
is connected to an anode of an organic light-emitting
diode, a cathode of the organic light-emitting diode is
connected to a second power source, a drain terminal of
asecond transistor is connected to a node connected to a
gate terminal of the first transistor, a source terminal of
the second transistor is connected to at least one of the
data lines, a gate terminal of the second transistor is
connected to at least one of the scan lines, a source
terminal of the third transistor is connected to the node
connected to the drain terminal of the first transistor, a
drain terminal of the third transistor is connected to at
least one of the data lines, a sensing voltage is connected
to a gate terminal of the third transistor, the drain termi-
nal of the fourth transistor is connected to the node
connected to the source terminal of the first transistor, a
source terminal of the fourth transistor is connected to
the first power source, a gate terminal of the fourth
transistor is connected to an emission voltage, a source
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terminal of the fifth transistor is connected to a sustain
voltage, a drain terminal of the fifth transistor is con-
nected to the node connected to the source terminal of
the first transistor, and a gate terminal of the fifth tran-
sistor is connected to at least one of the scan lines.

13. The organic light-emitting display of claim 12, wherein
at least one of the pixels further comprises a sixth transistor,
wherein a source terminal of the sixth transistor is connected
to the node connected to the source terminal of the first
transistor, a drain terminal of the sixth transistor is connected
to the node connected to the gate terminal of the first transis-
tor, and a gate terminal of the sixth transistor is connected to
a bias voltage.

14. The organic light-emitting display of claim 12, wherein
at least one of the pixels further comprises a storage capacitor
connected between the node connected to the source terminal
of the first transistor and the node connected to the gate
terminal of the first transistor.

15. The organic light-emitting display of claim 12, wherein
the data switch is configured to connect the data lines to the
data driver, and the data driver is configured to apply an
initialization voltage to the connected data lines, in a first
initialization period,

wherein one or more of the pixels are configured to charge

one or more of the data lines with first voltages, the data
switch is configured to connect the voltage ADC to the
data lines, and the voltage ADC is configured to receive
the first voltages from the connected data lines, to con-
vert analog sensing signals corresponding to the first
voltages into digital sensing signals and to output the
digital sensing signals to the controller, in a first sensing
period,

wherein the data switch is configured to connect the data

lines to the data driver, and the data driver is configured
to apply the initialization voltage to the connected data
lines, in a second initialization period, and

wherein the display is configured to change voltages

applied to the data lines from the initialization voltage to
second voltages, the data switch is configured to connect
the voltage ADC to the data lines, and the voltage ADC
is configured to receive the second voltages from the
connected data lines, to convert analog sensing signals
corresponding to the second voltages into digital sensing
signals and to output the digital sensing signals to the
controller, in a second sensing period.

16. The organic light-emitting display of claim 15, wherein
the data switch is configured to connect the data lines to the
data driver, and the data driver is configured to apply the
initialization voltage to the connected data lines, in a third
initialization period,
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wherein one or more of the pixels are configured to charge
one or more of the data lines with third voltages, the data
switch is configured to connect the voltage ADC to the
data lines, and the voltage ADC is configured to receive
the third voltages from the connected data lines, to con-
vert the analog sensing signals corresponding to the
third voltages into digital sensing signals and to output
the digital sensing signals to the controller, in a third
sensing period,

wherein the data switch is configured to connect the data
lines to the data driver, and the data driver is configured
to apply the initialization voltage to the connected data
lines, in a fourth initialization period. and

wherein the display is configured to change voltages
applied to the data lines from the initialization voltage to
fourth voltages, the data switch is configured to connect
the voltage ADC to the data lines, and the voltage ADC
is configured to receive the fourth voltages from the
connected data lines, to convert analog sensing signals
corresponding to the fourth voltages into digital sensing
signals and to output the digital sensing signals to the
controller.

17. The organic light-emitting display of claim 16, wherein
the first initialization period, the first sensing period, the
second initialization period, the second sensing period, the
third initialization period, the third sensing period, the fourth
initialization period, and the fourth sensing period are
included in a period of time during which an image of one
frame is displayed.

18. The organic light-emitting display of claim 16, wherein
the first sensing period and the second sensing period have
substantially the same lengths, and the third sensing period
and the fourth sensing period have substantially the same
lengths.

19. The organic light-emitting display of claim 16, wherein
the controller is configured to identify voltages obtained by
subtracting the second voltages from the first voltages based
on the digital sensing signals corresponding to the first volt-
ages and the digital sensing signals corresponding to the
second voltages, to identify voltages obtained by subtracting
the fourth voltages from the third voltages based on the digital
sensing signals corresponding to the third voltages and the
digital sensing signals corresponding to the fourth voltages,
and to correct the image signal for each of the pixels based on
the voltages obtained by subtracting the second voltages from
the first voltages and the voltages obtained by subtracting the
fourth voltages from the third voltages.
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