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(57) ABSTRACT

A display device includes: a pixel circuit including a switch-
ing transistor connected to a data line, a storage capacitor
connected to the switching transistor, a driving transistor
connected to the storage capacitor, an organic light-emitting
diode connected to the driving transistor and a sensing
transistor connected between a sensing line and the driving
transistor; and a data-sensing circuit including a first selector
connected to the data line and the sensing line, a second
selector connected to an output terminal of an amplifier, he
first selector and a feedback capacitor, where the second
selector selectively connects the output terminal of the
amplifier to the first selector and the feedback capacitor, a
third selector connected to the sensing line, and a fourth

G09G 3/3258 (2006.01) selector connected to the output terminal of the amplifier and
G09G 3/3275 (2006.01) the third selector.
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DISPLAY DEVICE AND A METHOD OF
DRIVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2018-0082302 filed on Jul. 16, 2018,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

1. Field

[0002] Exemplary embodiments of the invention relate to
a display device and a method of driving the display device.
More particularly, exemplary embodiments of the invention
relate to a display device for sensing a degradation of a pixel
circuit and a method of driving the display device.

2. Description of the Related Art

[0003] An organic light-emitting display is a device that
displays images using an organic light-emitting diode
(“OLED”). Characteristics of both an OLED and a driving
transistor that supplies a current thereto may degrade by
being used. The organic light-emitting display may not
display images of desired luminance due to the degradation
of the OLED or the driving transistor

BRIEF SUMMARY

[0004] Methods to compensate for deterioration of the
organic light-emitting display may include a voltage-sensing
method to compensate for the threshold voltage of the
driving transistor and a current-sensing method to compen-
sate by sensing the current flowing to the organic light-
emitting diode.

[0005] In the voltage-sensing method, tens milliseconds
(ms), usually 30 ms, is used to sensing the threshold voltage.
For example, in the organic light-emitting display with
ultra-high definition (“UHD”) resolution, a sensing time of
between 5 minutes and 10 minutes is desired for the voltage-
sensing method. Therefore, the voltage-sensing method may
be performed only in power-off or display-off, but real-time
compensation may not be effectively performed.

[0006] On the other hand, the current-sensing method may
reduce the sensing time compared to the voltage-sensing
method, but the circuit size may increase as separate ampli-
fiers for sensing are desired.

[0007] Exemplary embodiments of the invention provide a
display device for performing voltage-sensing and current-
sensing of a pixel circuit.

[0008] Exemplary embodiments of the invention provide a
method of driving the display device.

[0009] According to an exemplary embodiment of the
invention, a display device includes: a pixel circuit including
a switching transistor connected to a data line, a storage
capacitor connected to the switching transistor, a driving
transistor connected to the storage capacitor, an organic
light-emitting diode connected to the driving transistor and
a sensing transistor connected between a sensing line and the
driving transistor; and a data-sensing circuit including a first
selector connected to the data line and the sensing line, a
second selector connected to an output terminal of an
amplifier, the first selector and a feedback capacitor, where
the second selector selectively connects the output terminal
of the amplifier to the first selector and the feedback capaci-

Jan. 16, 2020

tor, a third selector connected to the sensing line, and a
fourth selector connected to the output terminal of the
amplifier and the third selector.

[0010] In an exemplary embodiment, the second selector
may include a third switch connected between the output
terminal of the amplifier and the feedback capacitor, and a
fourth switch connected between the output terminal and a
first input terminal of the amplifier.

[0011] Inan exemplary embodiment, the first selector may
include a first switch connected between the data line and the
fourth switch and a second switch connected between the
sensing line and the fourth switch, and the third selector may
include a fifth switch connected between a voltage terminal
and the sensing line and a sixth switch connected between
the sensing line and the fourth selector.

[0012] In an exemplary embodiment, the fourth selector
may include a seventh switch connected between the second
selector and the sixth switch, and an eighth switch connected
between the seventh switch and a capacitor of the data-
sensing circuit.

[0013] In an exemplary embodiment, a sensing period
may include an initializing period, in which the pixel circuit
is initialized, and a signal sensing period, in which a sensing
signal formed in the pixel circuit is sensed. In such an
embodiment, in the initializing period, the switching tran-
sistor and the sensing transistor are turned on, the first, third,
fourth and fifth switches are turned on, the second, sixth,
seventh and eighth switches are turned off, the voltage
terminal receives a first reference voltage, a second input
terminal of amplifier receives a second reference voltage, the
first reference voltage is applied to an electrode of the
driving transistor, and the second reference voltage is
applied to a control electrode of the driving transistor.
[0014] In an exemplary embodiment, the signal sensing
period, in which a sensing voltage is sensed from the pixel
circuit, may be defined in a power-off period. In such an
embodiment, in the signal sensing period, the switching
transistor and the sensing transistor are turned on, the first,
third, fourth, sixth and eighth switches are turned on, the
second, fifth and seventh switches are turned off, and a
sensing signal corresponding a threshold voltage of the
driving transistor received from the sensing line is stored in
the capacitor of the data-sensing circuit.

[0015] In an exemplary embodiment, the signal sensing
period, in which a sensing current is sensed from the pixel
circuit, may be defined in a power-off period. In such an
embodiment, in the signal sensing period, the switching
transistor is turned off, the sensing transistor is turned on, the
sixth and eighth switches are turned on, the first, second,
third, fourth, fifth and seventh switches are turned off, and
a sensing signal corresponding a current flowing through the
driving transistor received from the sensing line is stored in
the capacitor of the data-sensing circuit.

[0016] In an exemplary embodiment, the signal sensing
period, in which a sensing current is sensed from the pixel
circuit, may be defined in a display period. In such an
embodiment, in the signal sensing period, the switching
transistor is turned off, the sensing transistor is turned on, the
second, third, fourth, seventh and eighth switches are turned
on, the first, fifth and sixth switches are turned off, the
second input terminal of the amplifier receives a third
reference voltage. a current flows between a driving tran-
sistor , which receives a power source voltage, the sensing
line connected to the driving transistor, the amplifier con-



US 2020/0020278 A1l

nected to the sensing line and a ground connected to the
output terminal of the amplifier, and the amplifier and the
feedback capacitor are reset.

[0017] In an exemplary embodiment, after the amplifier is
reset, the switching transistor may be turned off, the sensing
transistor may be turned on, the second, third, seventh and
eighth switches may be turned on, the first, fourth, fifth and
sixth switches may be turned off, a sensing signal corre-
sponding to a current flowing through the driving transistor
may be applied to the amplifier and the feedback capacitor,
and a voltage outputted from the output terminal of the
amplifier may be stored in the capacitor of the data-sensing
circuit.

[0018] In an exemplary embodiment, the signal sensing
period, in which a sensing voltage is sensed from the pixel
circuit, may be defined in a display period. In such an
embodiment, in the signal sensing period. the switching
transistor is turned on, the sensing transistor is turned off, the
first, third and fourth switches are turned on, the second,
fifth, sixth, seventh and eighth switches are turned off, the
second input terminal of the amplifier receives a second
reference voltage, the second reference voltage is applied to
a control electrode of the driving transistor through the data
line, and the sensing voltage corresponding to a threshold
voltage of the driving transistor is stored in the storage
capacitor.

[0019] In an exemplary embodiment, after the sensing
voltage is stored in the storage capacitor, the switching
transistor may be turned off, the sensing transistor may be
turned on, the second, third, fourth, seventh and eighth
switches may be turned on, the first, fifth and sixth switches
may be turned off, the second input terminal of the amplifier
may receive a third reference voltage, the sensing line is
connected to a first input terminal of the amplifier, the output
terminal of the amplifier is connected to the capacitor of the
data-sensing circuit, and the sensing line and the feedback
capacitor are initialized through the amplifier.

[0020] In an exemplary embodiment, after the sensing line
is initialized, the switching transistor and the sensing tran-
sistor may be turned on, the second, third, seventh and
eighth switches may be turned on, and the first, fourth, fifth
and sixth switches may be turned off. In such an embodi-
ment, when the sensing transistor is turned on, the storage
capacitor and the feedback capacitor connected to each other
through the sensing line may be charge-shared with each
other and an output voltage of the amplifier is stored in a
capacitor of the data-sensing circuit.

[0021] According to an exemplary embodiment of the
invention, a display device includes: a pixel circuit including
a switching transistor connected to a data line, a storage
capacitor connected to the switching transistor, a driving
transistor connected to the storage capacitor, an organic
light-emitting diode connected to the driving transistor and
a sensing transistor connected between the data line and the
driving transistor; and a data-sensing circuit including a first
selector connected to the data line, a second selector con-
nected to an output terminal of an amplifier, where the
second selector selectively connects the output terminal of
the amplifier to the first selector and the feedback capacitor,
the first selector and a feedback capacitor, a third selector
connected to the first selector, and a fourth selector con-
nected to the output terminal of the amplifier and the third
selector.
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[0022] 1In an exemplary embodiment, the second selector
may include a third switch connected between the output
terminal of the amplifier and the feedback capacitor, and a
fourth switch connected between the output terminal and a
first input terminal of the amplifier.

[0023] Inanexemplary embodiment, the first selector may
include a first switch connected between the data line and the
fourth switch and a second switch connected between the
data line and the third selector, and the third selector may
include a fifth switch connected between a voltage terminal
and the second switch and a sixth switch connected between
the second switch and the fourth selector.

[0024] In an exemplary embodiment, the fourth selector
may include a seventh switch connected between the second
selector and the sixth switch, and an eighth switch connected
between the seventh switch and a capacitor of the data-
sensing circuit.

[0025] In an exemplary embodiment, a sensing period
may include an initializing period, in which the pixel circuit
is initialized, and a signal sensing period, in which a sensing
signal formed in the pixel circuit is sensed. In such an
embodiment, in a first period of the initializing period, a
second reference voltage is received from a second input
terminal of the amplifier, the switching transistor is turned
on, the sensing transistor is turned off, the first, third and
fourth switches are turned on, the second, fifth, sixth,
seventh and eighth switches are turned off, and the second
reference voltage is applied to a control electrode of the
driving transistor. In such an embodiment, in a second
period of the initializing period, a voltage terminal receives
a first reference voltage, the switching transistor is turned
off, the sensing transistor is turned on, the fifth switch is
turned on, the first, second, third, fourth, sixth, seventh and
eighth switches are turned off, and an electrode of the
driving transistor receives the first reference voltage.
[0026] In an exemplary embodiment, the signal sensing
period, in which a sensing voltage is sensed from the pixel
circuit, may be defined in a power-off period. In such an
embodiment, in a first period of the signal sensing period,
the second input terminal of the amplifier receives a second
reference voltage, the switching transistor is turned on, the
sensing transistor is turned off, the first, third and fourth
switches are turned on, the second, fifth, sixth, seventh and
eighth switches are turned off, and the driving transistor
forms a threshold voltage. In such an embodiment, in a
second period of the signal sensing period, the switching
transistor is turned off, the sensing transistor is turned on, the
sixth and eighth switches are turned on, the first, second,
third, fourth, fifth and seventh switches are turned off, and
a sensing signal corresponding to the threshold voltage of
the driving transistor is stored in the capacitor of the
data-sensing circuit through the data line.

[0027] In an exemplary embodiment, the signal sensing
period, in which a sensing current is sensed from the pixel
circuit, may be defined in a power-off period. In such an
embodiment, in the signal sensing period, the switching
transistor is turned off, the sensing transistor is turned on, the
sixth and eighth switches are turned on, the first, second,
third, fourth, fifth and seventh switches are turned off, and
a sensing signal corresponding a current flowing through the
driving transistor received from the data line is stored in the
capacitor of the data-sensing circuit.

[0028] In an exemplary embodiment, the signal sensing
period, in which a sensing current is sensed from the pixel
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circuit, may be defined in a display period. In such an
embodiment, in the signal sensing period. the switching
transistor is turned off, the sensing transistor is turned on, the
first, third, fourth, seventh and eighth switches are turned on,
the second, fifth and sixth switches are turned off, the second
input terminal of the amplifier receives a third reference
voltage, a current flows between a driving transistor, which
receives a power source voltage, the data line connected to
the driving transistor, the amplifier connected to the data line
and a ground connected to the output terminal of the
amplifier, and the amplifier and the feedback capacitor are
reset.

[0029] In an exemplary embodiment, after the amplifier is
reset, the switching transistor may be turned off, the sensing
transistor may be turned on, the first, third, seventh and
eighth switches may be turned on, the second, fourth, fifth
and sixth switches may be turned off; a sensing signal
corresponding to a current flowing through the driving
transistor may be applied to the amplifier and the feedback
capacitor, and a voltage outputted from the output terminal
of the amplifier may be stored in the capacitor of the
data-sensing circuit.

[0030] In an exemplary embodiment, the signal sensing
period in which a sensing voltage is sensed from the pixel
circuit is predetermined in a display period, the switching
transistor is turned on, the sensing transistor is turned off, the
first, third and fourth switches are turned on, the second,
fifth, sixth, seventh and eighth switches are turned off, the
second input terminal of the amplifier receives a third
reference voltage, the third reference voltage is applied to a
control electrode of the driving transistor through the data
line, and the sensing voltage corresponding to a threshold
voltage of the driving transistor is stored in the storage
capacitor.

[0031] In an exemplary embodiment, after the sensing
voltage corresponding to the threshold voltage is stored, the
switching transistor is turned off, the sensing transistor is
turned on, the first, third, fourth, seventh and eighth switches
are turned on, the second, fifth and sixth switches are turned
off, the second input terminal of the amplifier receives a
fourth reference voltage, the data line is connected to a first
input terminal of the amplifier, the output terminal of the
amplifier is connected to the capacitor of the data-sensing
circuit, and the data line and the feedback capacitor are
initialized through the amplifier.

[0032] In an exemplary embodiment, after the data line is
initialized, the switching transistor is turned off, the sensing
transistor is turned on, the first, third, seventh and eighth
switches are turned on and the second, fourth, fifth and sixth
switches turned off, wherein when the sensing transistor is
turned on, the storage capacitor and the feedback capacitor
connected to each other through the data line are charge-
shared with each other and an output voltage of the amplifier
is stored in the capacitor of the data-sensing circuit.
[0033] According to an exemplary embodiment of the
invention, a method of driving a display device which
includes: a pixel circuit including an organic light-emitting
diode; and a data-sensing circuit comprising a first selector
connected to a data line of the pixel circuit and a sensing
line, a second selector connected to an output terminal of an
amplifier, the first selector and a feedback capacitor, a third
selector connected to the sensing line, and a fourth selector
connected to the output terminal of the amplifier and the
third selector, the method including initializing the pixel
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circuit, where the initializing the pixel circuit includes
transferring a first reference voltage to the sensing line
through the third selector, turning on a sensing transistor of
the pixel circuit, which is connected to the sensing line in the
pixel circuit, such that the first reference voltage is applied
to the pixel circuit, transferring a second reference voltage
received from an amplifier of the data-sensing circuit to the
data line through the first selector, and turning on a switch-
ing transistor of the pixel circuit, which is connected to the
data line in the pixel circuit, such that the second reference
voltage is applied to the pixel circuit.

[0034] In an exemplary embodiment, the method may
further includes sensing a sensing voltage formed in the
pixel circuit in a power-off period, where the sensing the
sensing voltage in the power-off period may include trans-
ferring a reference voltage received from the amplifier to the
data line through the first selector and the second selector,
turning on the switching transistor connected to the data line
in the pixel circuit such that reference voltage is applied to
the pixel circuit, and storing the sensing voltage of the pixel
circuit transferred from the sensing line by the third selector
and the fourth selector in a capacitor.

[0035] In an exemplary embodiment, the method may
further includes sensing a sensing current formed in the
pixel circuit in a power-off period, where the sensing the
sensing current in the power-off period may include turning
off the switching transistor, turning on the sensing transistor,
and storing the sensing current of the pixel circuit trans-
ferred from the sensing line by the third selector and the
fourth selector in a capacitor of the data-sensing circuit.
[0036] In an exemplary embodiment, the method may
further includes initializing an amplifier in a display period,
where the initializing the amplifier in the display period may
include turning on the sensing transistor, connecting the
sensing line to an amplifier by the first selector, where an
input terminal and an output terminal of the amplifier are
connected to each other by the second selector, connecting
the output terminal of the amplifier to a capacitor of the
data-sensing circuit by the fourth selector, where the capaci-
tor is connected to a ground, and flowing a current between
the driving transistor, which receives a power source volt-
age, the sensing line connected to the driving transistor, the
amplifier connected to the sensing line and a ground con-
nected to the output terminal of the amplifier such that the
amplifier and the feedback capacitor are reset.

[0037] In an exemplary embodiment, the method may
further includes sensing a sensing current formed in the
pixel circuit in the display period, where the sensing the
sensing current in the display period may include turning on
the sensing transistor, connecting the sensing line to an
amplifier by the first selector, where an input terminal and an
output terminal of the amplifier are connected to each other
through the feedback capacitor by the second selector,
connecting the output terminal of the amplifier to a capacitor
of the data-sensing circuit by the fourth selector, and storing
the sensing current flowing through the driving transistor to
the capacitor by the amplifier and the feedback capacitor.
[0038] In an exemplary embodiment, the method may
further includes sensing a sensing voltage of the pixel circuit
in the display period, where the sensing the sensing voltage
in the display period may include turning on the sensing
transistor, connecting the sensing line to an amplifier by the
first selector, where an input terminal and an output terminal
of the amplifier are connected to each other through the
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feedback capacitor by the second selector, and connecting
the output terminal of the amplifier to a capacitor of the
data-sensing circuit by the fourth selector. In such an
embodiment, when the sensing transistor is turned on, the
storage capacitor and the feedback capacitor connected to
each other through the sensing line may be charge-shared
with each other and an output voltage of the amplifier may
be stored in the capacitor of the data-sensing circuit.
[0039] According to exemplary embodiments of the
invention, the data-sensing driver may be simplified, senses
the sensing voltage and the sensing current from the pixel
circuit in the power-off period or in the display period. In
such embodiments, in the display period, the sensing voltage
from the pixel circuit may quickly sense by charge-sharing
of the storage capacitor and the feedback capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The above and other features of the invention will
become more apparent by describing in detailed exemplary
embodiments thereof with reference to the accompanying
drawings, in which:

[0041] FIG. 1 is a block diagram illustrating an organic
light-emitting display device according to an exemplary
embodiment;

[0042] FIG. 2 is a block diagram illustrating a timing
controller according to an exemplary embodiment;

[0043] FIG. 3 is a conceptual diagram illustrating driving
periods of an organic light-emitting display device accord-
ing to an exemplary embodiment;

[0044] FIG. 4 is a circuit diagram illustrating an organic
light-emitting display device according to an exemplary
embodiment;

[0045] FIG. 5 is a conceptual diagram illustrating a
method of driving an organic light-emitting display device
in an emission period according to an exemplary embodi-
ment;

[0046] FIG. 6 is a conceptual diagram illustrating a
method of initializing an organic light-emitting display
device in a sensing period according to an exemplary
embodiment;

[0047] FIGS. 7A and 7B are conceptual diagrams illus-
trating a voltage-sensing method in a power-off period
according to an exemplary embodiment;

[0048] FIG. 8 is a conceptual diagram illustrating a cur-
rent-sensing method in a power-off period according to an
exemplary embodiment;

[0049] FIGS. 9A and 9B are conceptual diagrams illus-
trating a fast current-sensing method in a display period
according to an exemplary embodiment;

[0050] FIGS. 10A to 10D are conceptual diagrams illus-
trating a fast voltage-sensing method in a display period
according to an exemplary embodiment;

[0051] FIG. 11 is a block diagram illustrating an organic
light-emitting display device according to an alternative
exemplary embodiment;

[0052] FIG. 12 is a conceptual diagram illustrating an
emission period in a display period according to an alter-
native exemplary embodiment;

[0053] FIG. 13 is a conceptual diagram illustrating an
initialization method in a sensing period according to an
alternative exemplary embodiment;

[0054] FIGS. 14A and 14B are conceptual diagrams illus-
trating a voltage-sensing method in a power-off period
according to an alternative exemplary embodiment;
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[0055] FIG. 15 is a conceptual diagram illustrating a
current-sensing method in a power-off period according to
an alternative exemplary embodiment;

[0056] FIGS. 16A and 16B are conceptual diagrams illus-
trating a fast current-sensing method in a display period
according to an alternative exemplary embodiment; and
[0057] FIGS. 17A to 17C are conceptual diagrams illus-
trating a fast voltage-sensing method in a display period
according to an alternative exemplary embodiment.

DETAILED DESCRIPTION

[0058] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0059] It will be understood that when an element is
referred to as being “connected to” another element, it can
be directly connected to the other element or intervening
elements may be present therebetween. In contrast, when an
element is referred to as being “directly connected to”
another element, there are no intervening elements present.
[0060] It will be understood that, although the terms
“first,” “second,” “third” etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings herein

[0061] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. “At least one of A and B” means “A
or B.” It will be further understood that the terms “com-
prises” and/or “comprising,” or “includes” and/or “includ-
ing” when used in this specification, specify the presence of
stated features, regions, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, regions, integers,
steps, operations, elements, components, and/or groups
thereof

[0062] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood 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 the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.
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[0063] Hereinafter, exemplary embodiments of the inven-
tion will be described in detail with reference to the accom-
panying drawings.

[0064] FIG. 1 is a block diagram illustrating an organic
light-emitting display device according to an exemplary
embodiment. FIG. 2 is a block diagram illustrating a timing
controller according to an exemplary embodiment. FIG. 3 is
a conceptual diagram illustrating driving periods of an
organic light-emitting display device according to an exem-
plary embodiment.

[0065] Referring to FIG. 1, an exemplary embodiment of
the organic light-emitting display device 100 may include a
display panel 110, a scan driver 120, a data-sensing driver
130, a sensing controller 140, a voltage generator 150 and a
timing controller 160.

[0066] The display panel 110 may include a plurality of
scan lines SL1, SL2 to SLN, a plurality of data lines DL1,
DL2 to DLM, a plurality of sensing control lines SCL1,
SCL2 to SCLN, a plurality of sensing lines SSL1, SSL2 to
SSLM and a plurality of pixels 111. Here, ‘N’ and ‘M’ are
natural number that is equal to or more than 2.

[0067] The plurality of pixels 111 is arranged in a matrix
form which includes a plurality of pixel rows and a plurality
of pixel columns. A pixel row may extend in a row direction
RD and a pixel column may extend in a column direction
CD.

[0068] Each pixel 111 may include a pixel circuit PC. A
pixel circuit PC may include a plurality of transistors, which
is connected to a scan line, a data line, a sensing control line
and a sensing line, and an organic light-emitting diode which
is connected to the transistors. The pixel circuit PC stores a
data voltage in response to a scan signal and emits a light of
a grayscale corresponding to the data voltage. The pixel
circuit PC will be described later in greater detail referring
to FIG. 4.

[0069] The scan driver 120 is configured to generate a
plurality of scan signals based on a first control signal
CONT1 provided from the timing controller 160. The scan
driver 120 is configured to sequentially generate a plurality
of scan signals.

[0070] The data-sensing driver 130 may include a plurality
of data-sensing circuits DSC1, DSC2 to DSCM, which is
connected to a plurality of data lines DL.1, DL.2 to DLM and
a plurality of sensing lines SSLL1, SSL.2 to SSLM.

[0071] In an exemplary embodiment, a data-sensing cir-
cuit is configured to output a data voltage to a data line in an
emission period, in which the organic light-emitting diode in
the pixel circuit emits the light to display an image, and to
readout a sensing signal through a sensing line in a sensing
period, in which a degradation of the pixel circuit is sensed.
The data-sensing circuit may include an amplifier. The
amplifier may function as an output buffer in the emission
period and is used to readout the sensing signal in the
sensing period.

[0072] The data-sensing driver 130 is configured to con-
vert compensation image data DATA2 to a data voltage
based on a second control signal CONT2 provided from the
timing controller 160, to amplify the data voltage and to
output the data voltage to the data line in the emission
period.

[0073] In such an embodiment, the data-sensing driver
130 is configured to convert the sensing signal received from
the pixel circuit PC to sensing data SD based on a second
control signal CONT?2 in the sensing period and to output the
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sensing data SD to the timing controller 160. The second
control signal CONT2 may include a plurality of switch
control signals SWC for controlling a plurality of switches
in the data-sensing circuit.

[0074] According to an exemplary embodiment, the data-
sensing circuit may be simplified by sharing the amplifier in
the emission period and the sensing period. The data-sensing
circuit will be described later in greater detail referring to
FIG. 4.

[0075] The sensing controller 140 is configured to gener-
ate a plurality of sensing control signals based on a third
control signal CONT3 provided from the timing controller
160. The sensing controller 140 may sequentially provide
the plurality of sensing control lines SCL1, SCL2 and SCLN
with the plurality of sensing control signals. Alternatively,
the sensing controller 140 may provide partial sensing
control lines among the all sensing control lines SCLI1,
SCL2 and SCLN with the sensing control signals.

[0076] In such an embodiment, the plurality of sensing
control lines SCL1, SCL2 to SCLN is connected to the scan
driver 120, and the scan driver 120 may generate a plurality
of sensing control signals (not shown) to be applied to the
plurality of sensing control lines SCL1, SCL2 to SCLN.
[0077] The voltage generator 150 is configured to generate
a plurality of driving voltages for driving the organic light-
emitting display device 100. The plurality of driving volt-
ages may include a plurality of reference voltages Vref
applied to the data-sensing driver 130.

[0078] The timing controller 160 is configured to receive
a control signal CONT and image data DATA1 from an
external device. The timing controller 160 is configured to
generate the first, second and third control signals CONT1,
CONT?2 and CONT3 using the control signal CONT.
[0079] According to an exemplary embodiment, referring
to FIG. 2, the timing controller 160 may include a calculator
310 and a compensator 320.

[0080] The calculator 310 is configured to calculate a
compensation coefficient for compensating degradations of
a driving transistor and the organic light-emitting diode in
the pixel circuit based on the sensing data SD received from
the data-sensing driver 130.

[0081] The compensator 320 is configured to calculate
compensation data of the pixel circuit based on the com-
pensation coeflicient, and to generate compensation image
data DATA? of the pixel circuit corresponding to the image
data DATA1 of the pixel circuit using the compensation
data. The compensator 320 is configured to provide the
data-sensing driver 130 with the compensation image data
DATA?2 for compensating the degradations of the driving
transistor and the organic light-emitting diode the in the
pixel circuit. The data-sensing driver 130 is configured to
convert the compensation image data DATA2 to the data
voltage and to output the data voltage to the data line
through the amplifier.

[0082] Referring to FIG. 3, driving periods of the organic
light-emitting display device may include a power-off period
POWER_OFF and a display period DISPLAY_ON. In the
display period DISPLAY_ON, the organic light-emitting
display device may display an image. The display period
DISPLAY_ON may include a plurality of frame periods.
Each of the frame periods may include a vertical blank
period VB, in which the pixel circuit does not emit the light,
and an emission period ACT_EM in which the pixel circuit
emits the light.
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[0083] Driving periods of the organic light-emitting dis-
play device may include a sensing period, in which the
threshold voltage of the driving transistor and a driving
current through the organic light-emitting diode are sensed
from the pixel circuit to compensate the degradations of the
driving transistor and the organic light-emitting diode
OLED.

[0084] According to an exemplary embodiment, the sens-
ing period may be defined in the power-off period POWER _
OFF.

[0085] In an alternative exemplary embodiment, the sens-
ing period may be defined in the vertical blank period VB of
the display period DISPLAY_ON. The display period DIS-
PLAY_ON may include a plurality of frame periods, each
frame period may include a vertical blank period VB in
which the organic light-emitting diode does not emit the
light and an active period in which the organic light-emitting
diode emit the light. When the sensing period is predeter-
mined in the vertical blank period VB, the sensing signal
corresponding to the degradations of the pixel circuit is
sensed in the real time during displaying the image.
[0086] FIG. 4 is a circuit diagram illustrating an organic
light-emitting display device according to an exemplary
embodiment.

[0087] Referring to FIGS. 1 and 4, the organic light-
emitting display device may include a pixel circuit and a
data-sensing circuit connected to the pixel circuit.

[0088] For convenience of illustration and description,
FIG. 4 shows a pixel circuit PCk of a k-th pixel and a
data-sensing circuit 130k connected to the pixel circuit PCk
of the k-th pixel. In such an embodiment, other pixel circuits
and the data-sensing circuits connected thereto may have
structures substantially the same as those shown in FIG. 4,
and any repetitive detailed description thereof will be omit-
ted.

[0089] In anexemplary embodinent, the pixel circuit PCk
may include a driving transistor T1, a storage capacitor C.,
a switching transistor T2, an organic light-emitting diode
OLED and a sensing transistor T3.

[0090] The pixel circuit PCk may be connected to an m-th
data line DL.m, an m-th sensing line SSLm, an n-th scan line
SLn and an n-th sensing control line SCLn (here, ‘n” and ‘m’
are natural numbers).

[0091] The switching transistor T2 includes a control
electrode connected to the n-th scan line SLn, a first elec-
trode connected to the m-th data line DLm and a second
electrode connected to a second node N2. The switching
transistor T2 may be turned on in response to a turn-on
voltage (hereinafter, will be referred to as “ON voltage™) of
an n-th scan signal Sn applied to the n-th scan line SLn.
[0092] The storage capacitor CST may include a first
electrode connected to the second node N2 and a second
electrode connected to the first node N1.

[0093] The driving transistor T1 includes a control elec-
trode connected to the second node N2, a first electrode to
which the first power source voltage ELVDD is applied and
a second electrode connected to the first node N1. The
driving transistor T1 is configured to provide the organic
light-emitting diode OLED with a current corresponding to
a voltage stored in the storage capacitor C .

[0094] The organic light-emitting diode OLED may
include an anode electrode connected to the first node N1
and a cathode electrode to which a second power source
voltage ELVSS is applied. The organic light-emitting diode
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OLED may emit the light corresponding to a current flowing
between the first node N1 and the second power source
voltage ELVSS.

[0095] The sensing transistor T3 includes a control elec-
trode connected to the n-th sensing control line SCLn, a first
electrode connected to the m-th sensing line SSLm and a
second electrode connected to the first node N1. The sensing
transistor T3 is connected between the m-th sensing line
SSLm and the first node N1, and the sensing transistor T3 is
turned on in response to an ON voltage of the n-th sensing
control signal SCn applied to the n-th sensing control line
SCLn.

[0096] In an exemplary embodiment, as shown in FIG. 4,
the data-sensing circuit 130k may include a first selector
131, an amplifier (AMP) A, a feedback capacitor C;, a
second selector 132, a third selector 133, a first capacitor C1,
a fourth selector 134, a fifth selector 135, a second capacitor
C2 and a converter ADC. The data-sensing circuit 130k may
further include a digital-to-analog converter DAC and a
multiplexer MUX.

[0097] The first selector 131 may selectively connect the
m-th data line DLm and the m-th sensing line SSLm to a
third node N3.

[0098] The first selector 131 may include a first switch
SW1 and a second switch SW2. The first switch SW1 is
connected between the m-th data line DL.m and the third
node N3. The second switch SW2 is connected between the
m-th sensing line SSLm and the third node N3.

[0099] The amplifier A may include a first input terminal
(=), a second input terminal (+) and an output terminal. The
first input terminal (-) is connected to the third node N3, the
second input terminal (+) is connected to the multiplexer
MUX and the output terminal is connected to the second
selector 132, e.g., a third switch SW3 therein. The multi-
plexer MUX selectively outputs the data voltage Vdata
provided from the digital-to-analog converter DAC and the
plurality of reference voltages Vref provided from the volt-
age generator 150 to the second input terminal (+) of the
amplifier A.

[0100] In one exemplary embodiment, for example, the
second input terminal (+) of the amplifier A is configured to
receive the data voltage Vdata in the emission period ACT_
EM shown in FIG. 3. In such an embodiment, the second
input terminal (+) of the amplifier A is configured to receive
a second reference voltage Vref2 in the sensing period. The
second reference voltage Vref2 may have various predeter-
mined levels for sensing.

[0101] The feedback capacitor Cp is connected between
the first input terminal (=) and the output terminal of the
amplifier A. In one exemplary embodiment, for example, the
feedback capacitor Crz may be connected to the output
terminal of the amplifier A through the second selector 132
or a fourth node N4.

[0102] The second selector 132 may include a third switch
SW3 and a fourth switch SW4.

[0103] The third switch SW3 is connected between the
output terminal of the amplifier A and the fourth node N4.
The fourth switch SW4 is connected between the fourth
node N4 and the third node N3.

[0104] The third selector 133 selectively connects the m-th
sensing line SSLm to a voltage terminal VT to which the first
reference voltage Vrefl is applied or a sixth node N6.
[0105] The third selector 133 may include a fifth switch
SW5 and a sixth switch SW6. The fifth switch SW5 is
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connected between the voltage terminal VT and a fifth node
N5 connected to the m-th sensing line SSLm. The sixth
switch SW6 is connected between the fifth node N5 and the
sixth node N6 in the fourth selector 134.

[0106] The first capacitor C1 stores a sensing signal. The
first capacitor C1 is connected between the fourth selector
134 and a ground.

[0107] The fourth selector 134 selectively connects the
second selector 132 connected to the output terminal of the
amplifier A and the third selector 133 to the first capacitor
Cl1.

[0108] The fourth selector 134 may include a seventh
switch SW7 and an eighth switch SW8.

[0109] The seventh switch SW7 is connected between the
second selector 132 and the third selector 133. The seventh
switch SW7 is connected between the fourth node N4 and
the sixth node N6. The eighth switch SW8 is connected
between the seventh switch SW7 and the first capacitor C1.
[0110] The fifth selector 135 selectively connects the first
capacitor C1 to the converter ADC. The fifth selector 135
may include a ninth switch SW9.

[0111] The ninth switch SW9 is connected between the
first capacitor C1 and the converter ADC.

[0112] The converter ADC is connected to the fifth selec-
tor 135 and a second capacitor C2. The second capacitor C2
is connected between the converter ADC and the ground.
The converter ADC is configured to convert the sensing
signal stored in the second capacitor C2 to sensing data and
output the sensing data.

[0113] FIG. 5 is a conceptual diagram illustrating a
method of driving an organic light-emitting display device
in an emission period according to an exemplary embodi-
ment.

[0114] Referring to FIGS. 3 and 5, driving operations of
the pixel circuit PCk and the data-sensing circuit 1304 in the
emission period ACT_EM of the frame period will be
described in detail.

[0115] In the emission period ACT EM, the data-sensing
circuit 130% receives the data voltage Vdata through the
second input terminal (+) of the amplifier A.

[0116] In such an embodiment, the data-sensing circuit
130% turns on the first switch SW1 of the first selector 131,
and the third and fourth switches SW3 and SW4 of the
second selector 132 in the emission period ACT_EM. The
data-sensing circuit 130% turns off remaining switches SW2,
SW5, SW6, SW7, SW8 and SW9 in the emission period
ACT_EM. Thus, the data-sensing circuit 130k outputs the
data voltage Vdata to the m-th data line DLm.

[0117] In the pixel circuit PCk, the switching transistor T2
is turned on in response to an ON voltage of the n-th scan
signal Sn. When the switching transistor T2 is turned on, the
storage capacitor C; stores a voltage corresponding to the
data voltage Vdata applied to the m-th data line DLm.
[0118] The driving transistor T1 provides the organic
light-emitting diode OLED with a driving current corre-
sponding to the voltage stored in the storage capacitor Cgy.
The organic light-emitting diode OLED may emit the light
corresponding to the driving current. Thus, the organic
light-emitting diode OLED may display an image.

[0119] According to an exemplary embodiment, the sens-
ing period may include an initializing period and a signal
sensing period. In the initializing period, a gate/source
voltage (VGS) of the driving transistor T1 is formed in the
pixel circuit and the sensing line is initialized. In the signal
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sensing period, the sensing signal, which is a threshold
voltage of the driving transistor T1 or the driving current
through the organic light-emitting diode OLED formed by
the gate/source voltage (VGS). is sensed from the pixel
circuit.

[0120] FIG. 6 is a conceptual diagram illustrating a
method of initializing an organic light-emitting display
device in a sensing period according to an exemplary
embodiment.

[0121] Referring to FIG. 6, the data-sensing circuit 130k
forms the gate/source voltage (VGS) of the driving transistor
T1 in the pixel circuit PCk and initializes the m-th sensing
line SSLm in the sensing period.

[0122] The data-sensing circuit 130k receives the first
reference voltage Vrefl from the voltage terminal VT of the
third selector 133, and the second reference voltage Vref2
from the second input terminal (+) of the amplifier A.

[0123] In such an embodiment, the data-sensing circuit
130% turns on the first switch SW1 of the first selector 131,
the third and fourth switches SW3 and SW4 of the second
selector 132, and the fifth switch SW5 of the third selector
133 in the sensing period. The data-sensing circuit 130%
turns off remaining switches SW2, SW6, SW7, SW8 and
SW9 in the sensing period.

[0124] Thus, the second reference voltage Vref2 applied to
the second input terminal (+) of the amplifier A may be
applied to the m-th data line DLm, and the first reference
voltage Vrefl applied to the voltage terminal VT may be
applied to the m-th sensing line SSLm.

[0125] The switching transistor T2 of the pixel circuit PCk
is turned on in response to the ON voltage of the n-th scan
signal Sn, and the second node N2 receives a voltage
corresponding to the second reference voltage Vref2. The
sensing transistor T3 is turned on in response to the ON
voltage of the n-th sensing control signal SCn, and the first
node N1 receives a voltage corresponding to the first refer-
ence voltage Vrefl. The storage capacitor Cy, may store a
voltage corresponding to a potential difference (Vrefl-
Vref2) between the first reference voltage Vrefl and the
second reference voltage Vref2.

[0126] Thus, a gate/source voltage (VGS=Vrefl-Vref2)
of the driving transistor T1 may be formed, such that the
m-th sensing line SSLm may be initialized.

[0127] Hereinafter, an exemplary embodiment, where the
sensing period is defined in the power-off period will be
described in detail.

[0128] FIGS. 7A and 7B are conceptual diagrams illus-
trating a voltage-sensing method in a power-off period
according to an exemplary embodiment.

[0129] Referring to FIG. 7A, a voltage-sensing operation
for sensing a sensing voltage by the data-sensing circuit
130% and the pixel circuit PCk will be described in detail.
After forming the gate/source voltage (VGS) and initializing
the sensing line as the described above referring to FIG. 6,
the voltage-sensing operation may be performed.

[0130] The data-sensing circuit 1304 receives the second
reference voltage Vref2 through the second input terminal
(+) of the amplifier A.

[0131] The data-sensing circuit 130k turns on the first
switch SW1 of the first selector 131, the third and fourth
switches SW3 and SW4 of the second selector 132, the sixth
switch SW6 of the third selector 133 and the eighth switch



US 2020/0020278 A1l

SW8 of the fourth selector 134. The data-sensing circuit
130% turns off remaining switches SW2, SW5, SW7 and
SWo.

[0132] Thus, the second reference voltage Vref2 is applied
to the m-th data line DLm.

[0133] The switching transistor T2 in the pixel circuit PCk
is turned on in response to the ON voltage of the n-th scan
signal Sn, and the second reference voltage Vref2 applied to
the m-th data line DLm is applied to the control electrode of
the driving transistor T1. The driving transistor T1 is turned
on in response to the second reference voltage Vref2. The
first node N1 connected to the second electrode of the
driving transistor T1 receives a sensing voltage correspond-
ing to the threshold voltage (VTH) of the driving transistor
T1.

[0134] The sensing transistor T3 in the pixel circuit PCk is
turned on in response to the ON voltage of the n-th sensing
control signal SCn. When the sensing transistor T3 is turned
on, the sensing voltage corresponding to the threshold
voltage (VTH) applied to the first node N1 is applied to the
m-th sensing line SSLm.

[0135] The sensing voltage is stored in the first capacitor
C1 through the m-th sensing line SSLm and the fourth
selector 134.

[0136] Referring to FIG. 7B, when the sensing voltage is
stored in the first capacitor C1, the data-sensing circuit 130%
turns on the ninth switch SW9 of the fifth selector 135 and
turns off remaining switches SW1, SW2, SW3, SW4, SW5,
SW6, SW7 and SWS.

[0137] Thus, the sensing voltage stored in the first capaci-
tor C1 1s stored in the second capacitor C2 and is applied to
the converter ADC. The sensing voltage applied to the
converter ADC may correspond to a difference between the
second reference voltage Vref2 and the threshold voltage
(VTH).

[0138] The converter ADC converts the sensing voltage to
sensing data and outputs the sensing data.

[0139] FIG. 8 is a conceptual diagram illustrating a cur-
rent-sensing method in a power-off period according to an
exemplary embodiment.

[0140] Referring to FIG. 8, a current-sensing operation for
sensing a sensing current by the data-sensing circuit 130%
and the pixel circuit PCk will be described in detail. After
forming the gate/source voltage (VGS) and initializing the
sensing line as described above referring to FIG. 6, the
current-sensing operation may be performed by the data-
sensing circuit 130% and the pixel circuit PCk.

[0141] After forming the gate/source voltage (VGS) and
initializing the sensing line, the data-sensing circuit 130%
turns on the sixth switch SWé of the third selector 133 and
the eighth switch SW8 of the fourth selector 134, and the
data-sensing circuit 130% turns off remaining switches SW1,
SW2, SW3, SW4, SW5, SW7 and SW9.

[0142] In the pixel circuit PCk, the driving transistor T1 is
turned on based on a voltage (Vref2) stored in the storage
capacitor Cq such that a driving current flows into the first
node N1 connected to the anode electrode of the organic
light-emitting diode OLED.

[0143] The sensing transistor T3 is turned on in response
to the ON voltage of the n-th sensing control signal SCn.
When the sensing transistor T3 is turned on, the driving
current applied to the first node N1 is stored in the first
capacitor C1 through the m-th sensing line SSLm and the
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fourth selector 134. The first capacitor C1 stores a sensing
voltage corresponding to the driving current.

[0144] Then, referring to FIG. 7B, the data-sensing circuit
130% turns on the ninth switch SW9 of the fifth selector 135
and turns off remaining switches SW1, SW2, SW3, SW4,
SW5, SW6, SW7 and SWS.

[0145] Thus, the sensing voltage stored in the first capaci-
tor C1 is stored in the second capacitor C2 and is applied to
the converter ADC.

[0146] The converter ADC converts the sensing voltage to
sensing data and outputs the sensing data.

[0147] In an exemplary embodiment, the sensing period
may be defined in the display period. The display period
includes a vertical blank period and the vertical blank period
includes the sensing period. The sensing period includes the
initializing period as the described above referring to FIG. 6
and a signal sensing period in which the sensing signal is
sensed. The sensing signal may correspond to the threshold
voltage and the driving current of the organic light-emitting
diode OLED. The signal sensing period may correspond to
a voltage-sensing period in which the threshold voltage is
sensed and a current-sensing period in which the driving
current is sensed.

[0148] FIGS. 9A and 9B are conceptual diagrams illus-
trating a fast current-sensing method in a display period
according to an exemplary embodiment.

[0149] According to an exemplary embodiment, a fast
current-sensing operation in the display period may include
resetting the amplifier A and sensing the driving current.
After forming the gate/source voltage (VGS) and initializing
the sensing line as described above referring to FIG. 6, the
fast current-sensing operation may be performed.

[0150] Referring to FIG. 9A, the data-sensing circuit 130k
resets the amplifier A and the feedback capacitor C.
[0151] In one exemplary embodiment, for example, the
data-sensing circuit 1304 receives a second reference volt-
age Vref2 having a voltage level (V) through the second

sense

input terminal (+) of the amplifier A.

[0152] In such an embodiment, the data-sensing circuit
130% turns on the second switch SW2 of the first selector
131, the third and fourth switches SW3 and SW4 of the
second selector 132 and the seventh and eighth switches
SW7 and SW8 of the fourth selector 134, and the data-
sensing circuit 1304 turns off remaining switches SW1,
SW5, SW6 and SW9.

[0153] Inthe pixel circuit PCKk, the switching transistor T2
is turned off in response to a turn-off voltage (hereinafter,
will be referred to as “OFF voltage™) of the n-th scan signal
Sn, and the sensing transistor T3 is turned on in response to
the ON voltage of the n-th sensing control signal SCn. The
driving transistor T1 is turned on based on a voltage stored
in the storage capacitor Cg, by the initializing period
described referring to FIG. 6.

[0154] Thus, a current may flow between the driving
transistor T1 receiving a first power source voltage ELVDD,
the m-th sensing line SSLm, the amplifier A, the first
capacitor C1 and the ground, as shown in FIG. 9A.

[0155] Thus, the amplifier A may be reset. In such an
embodiment, both terminals of the feedback capacitor C,5
which is connected between the input terminal and the
output terminal of the amplifier A receive a same voltage as
each other and thus, the feedback capacitor C,; may be
reset.
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[0156] Then, referring to FIG. 9B, the data-sensing circuit
130k may sense the driving current flowing into the organic
light-emitting diode OLED in the pixel circuit PCk.

[0157] In one exemplary embodiment, for example, the
data-sensing circuit 130% receives a second reference volt-
age Vref2 having a voltage level (Vsense) through the
second input terminal (+) of the amplifier A.

[0158] In such an embodiment, the data-sensing circuit
130% turns on the second switch SW2 of the first selector
131, the third switch SW3 of the second selector 132 and the
seventh and eighth switches SW7 and SW8 of the fourth
selector 134, and the data-sensing circuit 1304 turns off
remaining switches SW1, SW4, SW5, SW6 and SW9.
[0159] The switching transistor T2 in the pixel circuit PCk
is turned off in response to the OFF voltage of the n-th scan
signal Sn, and the sensing transistor T3 is turned on in
response to the ON voltage of the n-th sensing control signal
SCn. When the sensing transistor T3 is turned on, a sensing
current (ITFT) corresponding to the driving current which
flows into the organic light-emitting diode OLED is applied
to the amplifier A and the feedback capacitor C.

[0160] The sensing current (ITFT) may be defined by the
following Equation 1.

ITFT=Cppx(Vsense- VOUT)/TINT

[0161] In Equation 1, ITFT denotes the sensing current,
Vsense denotes an input voltage of the amplifier A, VOUT
denotes an output voltage of the amplifier A, and TINT
denotes an integration time.

[0162] The sensing current (ITFT) is integrated by the
amplifier A and feedback capacitor C., and an output
voltage (VOUT) corresponding to the sensing current
(ITFT) is outputted through the output terminal of the
amplifier A.

[Equation 1]

[0163] The output voltage (VOUT) is stored in the first
capacitor C1.
[0164] Then, referring to FIG. 7B, the data-sensing circuit

130% turns on the ninth switch SW9 of the fifth selector 135
and turns off remaining switches SW1, SW2, SW3, SW4,
SW5, SW6, SW7 and SWS.

[0165] Thus, the output voltage (VOUT) stored in the first
capacitor C1 is stored in the second capacitor C2 and is
applied to the converter ADC.

[0166] The converter ADC converts the output voltage
(VOUT) to sensing data and outputs the sensing data.
[0167] FIGS. 10A to 10D are conceptual diagrams illus-
trating a fast voltage-sensing method in a display period
according to an exemplary embodiment.

[0168] According to an exemplary embodiment, a fast
voltage-sensing operation in the display period may include
forming the threshold voltage, forming a swing voltage,
initializing the sensing line by using the amplifier and
sensing the threshold voltage. After forming the gate/source
voltage (VGS) and initializing the sensing line as described
above referring to FIG. 6, the fast voltage-sensing operation
may be performed.

[0169] Referring to FIG. 10A, in a first period, the data-
sensing circuit 130% forms the threshold voltage (VTH) of
the driving transistor T1 in the pixel circuit PCk.

[0170] In one exemplary embodiment, for example, the
data-sensing circuit 130% receives a second reference volt-
age Vref2 having a high voltage level (Vhigh) through the
second input terminal (+) of the amplifier A to form the
threshold voltage (VTH).
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[0171] The data-sensing circuit 130k turns on the first
switch SW1 of the first selector 131 and the third and fourth
switches SW3 and SW4 of the second selector 132, and the
data-sensing circuit 130% turns off remaining switches SW2,
SW5, SWe6, SW7, SW8 and SW9.

[0172] Thus, the high voltage (Vhigh) is applied to the
m-th data line DLm through the amplifier A.

[0173] In the pixel circuit PCk, the switching transistor T2
is turned on in response to the ON voltage of the n-th scan
signal Sn, and the sensing transistor T3 is turned off in
response to the OFF voltage of the n-th sensing control
signal SCr.

[0174] When the switching transistor T2 is turned on, a
voltage corresponding to the high voltage (Vhigh) is applied
to the control electrode of the driving transistor T1. The
driving transistor T1 is turned on in response to the high
voltage (Vhigh). The first node N1 which is connected to the
second electrode of the driving transistor T1 and the anode
electrode of the organic light-emitting diode OLED receive
a voltage corresponding to a potential difference (Vhigh-
VTH) between the high voltage (Vhigh) and the threshold
voltage (VTH). The gate/source voltage (VGS) of the driv-
ing transistor T1 may correspond to the threshold voltage
(VTH).

[0175] Referring to FIG. 10B, in a second period, the
data-sensing circuit 130% applies the swing voltage (V0) to
a line-capacitor CD_Line of the m-th data line DLm to
adjust a dynamic range of the converter ADC.

[0176] The data-sensing circuit 130% receives the swing
voltage (V0) as the second reference voltage Vref2 to apply
the swing voltage (V0) to the m-th data line DLm through
the second input terminal (+) of the amplifier A. The swing
voltage (V0) may have a low level lower than the high
voltage (Vhigh) described above referring to FIG. 10A.

[0177] The data-sensing circuit 130k turns on the first
switch SW1 of the first selector 131, and the third and fourth
switches SW3 and SW4 of the second selector 132, and the
data-sensing circuit 130% turns off remaining switches SW2,
SW5, SW6, SW7, SW8 and SW9.

[0178] In the pixel circuit PCk, the switching transistor T2
is turned off in response to the OFF voltage of the n-th scan
signal Sn and the sensing transistor T3 is turned off in
response to the OFF voltage of the n-th sensing control
signal SCn. The gate/source voltage (VGS) of the driving
transistor T1 may correspond to the threshold voltage
(VTH).

[0179] Thus, the swing voltage (V0) is stored in the
line-capacitor CD_Line of the m-th data line DLm.

[0180] In an alternative exemplary embodiment, the form-
ing the swing voltage (V0) may be omitted.

[0181] Referring to FIG. 10C, in a third period, the data-
sensing circuit 130% initializes the m-th sensing line SSLm
by using the amplifier A.

[0182] In one exemplary embodiment, for example, the
data-sensing circuit 130k receives the second reference
voltage Vref2 having an initial voltage level (V1) through
the second input terminal (+) of the amplifier A to initial the
m-th sensing line SSLm.

[0183] In such an embodiment, the data-sensing circuit
130% turns on the second switch SW2 of the first selector
131, the third and fourth switches SW3 and SW4 of the
second selector 132, the seventh and eighth switches SW7
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and SW8 of the fourth selector 134, and the data-sensing
circuit 130% turns off remaining switches SW1, SW5, SW6
and SW9.

[0184] In the pixel circuit PCKk, the switching transistor T2
is turned off in response to the OFF voltage of the n-th scan
signal Sn and the sensing transistor T3 is turned on in
response to the ON voltage of the n-th sensing control signal
SChn.

[0185] Thus, the second node N2 connected to the control
electrode of the driving transistor T1 receives a voltage
corresponding to the potential addition (V1+VTH) of the
threshold voltage (VTH) and an initial voltage (V1). The
first node N1 connected to the second electrode of the
driving transistor T1 receives the initial voltage (V1). Thus,
the gate/source voltage (VGS) of the driving transistor T1
may correspond to the threshold voltage (VIH). The storage
capacitor Cy, may store the threshold voltage (VTH).
[0186] Both terminals of the feedback capacitor C; con-
nected between the output terminal and the first input
terminal (=) of the amplifier A receive a same voltage as
each other, such as the initial voltage (V1), and thus the
feedback capacitor Crz may be initialized.

[0187] In such an embodiment, the m-th sensing line
SSLm connected to the amplifier A may be initialized by the
initial voltage (V1).

[0188] Referring to FIG. 10D, in a fourth period, the
data-sensing circuit 130k senses the threshold voltage
(VTH).

[0189] In one exemplary embodiment, for example, the
data-sensing circuit 130% turns on the second switch SW2 of
the first selector 131, the third switch SW3 of the second
selector 132, the seventh and eighth switches SW7 and SW8
of the fourth selector 134, and the data-sensing circuit 1304
turns off remaining switches SW1, SW4, SW5, SW6 and
SW9.

[0190] In the pixel circuit PCk, the sensing transistor T3 is
turned on in response to the ON voltage of the n-th sensing
control signal SCn. When the sensing transistor T3 is turned
on, the storage capacitor Cg, is connected to the feedback
capacitor Cpp through the m-th sensing line SSLm. The
threshold voltage (VTH) stored in the storage capacitor Cgp
is applied to the feedback capacitor C,.

[0191] Then, the switching transistor T2 is turned on in
response to the ON voltage of the n-th scan signal Sn. When
the switching transistor T2 is turned on, the storage capacitor
C,y and the feedback capacitor C; which are connected to
each other through the m-th sensing line SSLm, are charge-
shared with each other.

[0192] The storage capacitor Cg receives the swing volt-
age (V0) from the line-capacitor CD_Line, and stores a
voltage (V0-V1) between the swing voltage (V0) and the
initial voltage V1. The feedback capacitor Cpy stores a
voltage corresponding to a potential difference between the
threshold voltage (VTH) previously stored in the storage
capacitor Cqp and the voltage (V0-V1) currently stored in
the storage capacitor Cg,.

[0193] The output voltage (VOUT) of the amplifier A may
be defined by the following Equation 2.

dQCST=dQCFB
AQCST=CSTxVTH-CSTx(V0-V1)
dVQCFB=V1-F0+VTH
dQCFB=CFBx(V1-VOLT)

VOUT=V1+(V1-P0+VTH)=2V1-V0+VTH [Equation 2]
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[0194] In Equation 2, dQCST denotes amount of charge
change of the storage capacitor Cg,, dQCFB denotes amount
of charge change of the feedback capacitor Cpy CST
denotes a capacity of the storage capacitor Cy, and CFB
denotes a capacity of a feedback capacitor Cy.

[0195] The first capacitor C1 stores the output voltage
(VOUT) of the amplifier A.

[0196] Then, referring to FIG. 7B, the data-sensing circuit
130% turns on the ninth switch SW9 of the fifth selector 135
and turns off remaining switches SW1, SW2, SW3, SW4,
SW5, SW6, SW7 and SW8.

[0197] Thus, the output voltage (VOUT) stored in the first
capacitor C1 is stored in the second capacitor C2 and is
applied to the converter ADC.

[0198] The converter ADC converts the output voltage
(VOUT) to sensing data and outputs the sensing data.

[0199] Hereinafter, alternative exemplary embodiments of
the invention will be described. The same reference numer-
als are used to refer to the same or like parts as those in the
exemplary embodiments described above, and any repetitive
detailed description thereof will be simplified or omitted.

[0200] FIG. 11 is a block diagram illustrating an organic
light-emitting display device according to an alternative
exemplary embodiment.

[0201] Referring to FIG. 11, the organic light-emitting
display device 100A may be substantially the same as the
organic light-emitting display device 100 shown in FIG. 1
except for a display panel 110A and a data-sensing driver
130A.

[0202] In an exemplary embodiment, the display panel
110A may include a plurality of scan lines SL1, S[.2 and
SLN, a plurality of data lines DL1, DL2 and DLM, a
plurality of sensing control lines SCLL1, SCL2 and SCLN
and a plurality of pixels 111 (here, ‘N’ and ‘M’ are natural
number that is equal to or more than 2).

[0203] In an exemplary embodiment, the plurality of data
lines DL1, DL2 and DLM drives or functions as the plurality
of sensing lines in a sensing period. Thus, the display panel
110A may omits the plurality of sensing lines SSL1, SSL.2
and SSLm of an exemplary embodiment of the organic
light-emitting display device 100 described above referring
to FIG. 1.

[0204] The data-sensing driver 130A may include a plu-
rality of data-sensing circuits DSC1, DSC2 and DSCM
which is connected to the plurality of data lines DL1, DL2
and DLM.

[0205] A data-sensing circuit is connected to the data line,
and the data sensing circuit is configured to output a data
voltage to the data line in an emission period in which the
organic light-emitting diode in the pixel circuit emits light to
display an image, and configured to readout a sensing signal
from the data line in a sensing period in which a degradation
of the pixel circuit is sensed. The data-sensing circuit may
include an amplifier. The amplifier may operate or be used
in the emission period and the sensing period.

[0206] FIG. 12 is a conceptual diagram illustrating an
emission period in a display period according to an alter-
native exemplary embodiment.

[0207] Referring to FIGS. 11 and 12, an exemplary
embodiment of the organic light-emitting display device
may include a pixel circuit PCk_A and a data-sensing circuit
130%_A connected to the pixel circuit PCk_A.
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[0208] The pixel circuit PCk_A may include a driving
transistor T1, a storage capacitor Cg;, a switching transistor
T2, an organic light-emitting diode OLED and a sensing
transistor T3.

[0209] The switching transistor T2 includes a control
electrode connected to the n-th scan line SLn, a first elec-
trode connected to the m-th data line DLm and a second
electrode connected to a second node N2. The switching
transistor T2 may be turned on in response to an ON voltage
of an n-th scan signal Sn applied to the n-th scan line SLn.
[0210] The storage capacitor C, may include a first elec-
trode connected to the second node N2 and a second
electrode connected to a first node N1. The storage capacitor
C, may store a voltage corresponding to the data voltage
Vdata applied to the m-th data line DLm.

[0211] The driving transistor T1 includes a control elec-
trode connected to the second node N2, a first electrode to
which the first power source voltage ELVDD is applied and
a second electrode connected to the first node N1. The
driving transistor T1 is configured to provide the organic
light-emitting diode OLED with a current corresponding to
a voltage stored in the storage capacitor Cgy.

[0212] The organic light-emitting diode OLED may
include an anode electrode connected to the first node N1
and a cathode electrode to which a second power source
voltage ELVSS is applied. The organic light-emitting diode
OLED may emit the light corresponding to a current flowing
between the first node N1 and the second power source
voltage ELVSS.

[0213] The sensing transistor T3 includes a control elec-
trode connected to the n-th sensing control line SCLn, a first
electrode connected to the m-th data line DL.m and a second
electrode connected to the first node N1. The sensing
transistor T3 is connected between the m-th data line DLm
and the first node N1, and is turned on in response to an ON
voltage of the n-th sensing control signal SCn applied to the
n-th sensing control line SCLn.

[0214] In an exemplary embodiment, the data-sensing
circuit 130k_A may include a first selector 131, an amplifier
A, feedback capacitor C,, a second selector 132, a third
selector 133, a first capacitor C1, a fourth selector 134, a fifth
selector 135, a second capacitor C2 and a converter ADC.
The data-sensing circuit 130k_A may further include a
digital-to-analog converter DAC and a multiplexer MUX.
[0215] The first selector 131 may selectively connect the
m-th data line DLm to a third node N3.

[0216] The first selector 131 may include a first switch
SW1 and a second switch SW2. The first switch SW1 is
connected between the m-th data line DLm and the third
node N3. The second switch SW2 is connected between the
m-th data line DLm and the third node N3.

[0217] The amplifier A may include a first input terminal
(=), a second input terminal (+) and an output terminal. The
first input terminal (-) is connected to the third node N3, the
second input terminal (+) is connected to the multiplexer
MUX and the output terminal is connected to the second
selector 132, e.g., a third switch SW3 therein. The multi-
plexer MUX selectively outputs the data voltage Vdata
provided from the digital-to-analog converter DAC and the
plurality of reference voltages Vref provided from the volt-
age generator 150 to the second input terminal (+) of the
amplifier A.

[0218] In one exemplary embodiment, for example, the
second input terminal (+) of the amplifier A is configured to
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receive the data voltage Vdata in the emission period. In
such an embodiment, the second input terminal (+) of the
amplifier A is configured to receive a second reference
voltage Vref2 in the sensing period.

[0219] The feedback capacitor Cp is connected between
the first input terminal (=) and the output terminal of the
amplifier A.

[0220] The second selector 132 may include the third
switch SW3 and a fourth switch SW4.

[0221] The third switch SW3 is connected between the
output terminal of the amplifier A and a fourth node N4. The
fourth switch SW4 is connected between the fourth node N4
and the third node N3.

[0222] The third selector 133 selectively connects the first
selector 131 to the fourth selector 134, e.g., a sixth node N6
therein, or a first reference voltage Vrefl.

[0223] The third selector 133 may include a fifth switch
SW5 and a sixth switch SW6. The fifth switch SW5 is
connected between a voltage terminal VT to which the first
reference voltage Vrefl is applied and the fifth node N5. The
sixth switch SW6 is connected between the fifth node N5
and the sixth node N6 in the fourth selector 134.

[0224] The first capacitor C1 stores a sensing signal. The
first capacitor C1 is connected between the fourth selector
134 and a ground.

[0225] The fourth selector 134 selectively connects the
output terminal of the amplifier A (e.g., via the second
selector 132) and the third selector 133 to the first capacitor
Cl1.

[0226] The fourth selector 134 may include a seventh
switch SW7 and an eighth switch SW8.

[0227] The seventh switch SW7 is connected between the
second selector 132 and the third selector 133. The seventh
switch SW7 is connected between the fourth node N4 and
the sixth node N6. The eighth switch SW8 is connected
between the seventh switch SW7 and the first capacitor C1.

[0228] The fifth selector 135 selectively connects the first
capacitor C1 to the converter ADC. The fifth selector 135
may include a ninth switch SW9.

[0229] The ninth switch SW9 is connected between the
first capacitor C1 and the converter ADC.

[0230] The converter ADC is connected to the fifth selec-
tor 135 and a second capacitor C2. The second capacitor C2
is connected between the converter ADC and the ground.
The converter ADC is configured to convert the sensing
signal stored in the second capacitor C2 to sensing data and
output the sensing data.

[0231] Hereinafter, operations of driving the pixel circuit
PCk_A and the data-sensing circuit 130%4_A in the emission
period ACT_EM of the frame period will be described in
detail.

[0232] The data-sensing circuit 130%_A receives the data
voltage Vdata through the second input terminal (+) of the
amplifier A.

[0233] In the emission period ACT_EM of the frame
period, the data-sensing circuit 130%_A turns on the first
switch SW1 of the first selector 131, and the third and fourth
switches SW3 and SW4 of the second selector 132, and the
data-sensing circuit 130k_A turns off remaining switches
SW2, SW5, SW6, SW7, SW8 and SW9. Thus, the data-
sensing circuit 130%_A outputs the data voltage Vdata to the
m-th data line DLm.
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[0234] The pixel circuit PCk_A receives the data voltage
Vdata through the m-th data line DLm and the n-th scan
signal Sn through the n-th scan line SLn.

[0235] In the pixel circuit PCk_A, the switching transistor
T2 is turned on in response to an ON voltage of the n-th scan
signal Sn. When the switching transistor T2 is turned on, the
storage capacitor Cg;- stores a voltage corresponding to the
data voltage Vdata applied to the m-th data line DLm.
[0236] The driving transistor T1 provides the organic
light-emitting diode OLED with a driving current corre-
sponding to the voltage stored in the storage capacitor Cgy.
The organic light-emitting diode OLED may emit the light
corresponding to the driving current. Thus, the organic
light-emitting diode OLED may display an image.

[0237] According to an exemplary embodiment, the sens-
ing period may include an initializing period and a signal
sensing period. In the initializing period, a gate/source
voltage (VGS) of the driving transistor T1 is formed in the
pixel circuit and the data line is initialized. In the signal
sensing period, the sensing signal which is the threshold
voltage of the driving transistor or the driving current of the
organic light-emitting diode OLED is sensed from the pixel
circuit.

[0238] FIG. 13 is a conceptual diagram illustrating an
initialization method in a sensing period according to an
alternative exemplary embodiment.

[0239] Referring to FIG. 13, the data-sensing circuit
130%_A forms the gate/source voltage (VGS) of the driving
transistor T1 in the pixel circuit PCk_A and initializes the
m-th data line DLm.

[0240] In a first period of the sensing period, the data-
sensing circuit 130k_A receives the second reference voltage
Vref2 from the second input terminal (+) of the amplifier A.
[0241] In such an embodiment, the data-sensing circuit
130%_A turns on the first switch SW1 of the first selector 131
and the third and fourth switches SW3 and SW4 of the
second selector 132, and the data-sensing circuit 130%_A
turns off remaining switches SW2, SW5, SW6, SW7, SW8
and SW9. Thus, the second reference voltage Vref2 applied
to the second input terminal (+) of the amplifier A is applied
to the m-th data line DLm.

[0242] In the pixel circuit PCk_A, the switching transistor
T2 is turned on in response to the ON voltage of the n-th
scan signal Sn, and the sensing transistor T3 is turned off in
response to the OFF voltage of the n-th sensing control
signal SCn. The second reference voltage Vref2 applied to
the m-th data line DLm is applied to the control electrode of
the driving transistor T1. The driving transistor T1 is turned
on based on the second reference voltage Vref2.

[0243] Then, in a second period of the sensing period, the
data-sensing circuit 130k_A receives the first reference
voltage Vrefl through the voltage terminal VT of the third
selector 133.

[0244] In such an embodiment, the data-sensing circuit
130%_A turns on the fifth switch SW5 of the third selector
133, and the data-sensing circuit 130%_A turns off remaining
switches SW1, SW2, SW3, SW4, SW6, SW7, SW8 and
SW9. Thus, the first reference voltage Vrefl received from
the voltage terminal VT is applied to the m-th data line
DLm.

[0245] In the pixel circuit PCk_A, the sensing transistor
T3 is turned on in response to the ON voltage of the n-th
sensing control signal SCn and the switching transistor T2 is
turned off in response to the OFF voltage of the n-th scan
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signal Sn. The first node N1 receives a voltage correspond-
ing to the first reference voltage Vrefl.

[0246] The storage capacitor Cg, may store a voltage
corresponding to a potential difference (Vrefl-Vref2)
between the first reference voltage Vrefl and the second
reference voltage Vref2.

[0247] Thus, a gate/source voltage (VGS=Vrefl-Vref2)
of the driving transistor T1 may be formed, such that the
m-th data line DLm may be initialized.

[0248] Hereinafter, an exemplary embodiment where the
sensing period is defined in the power-off period will be
described in detail.

[0249] FIGS. 14A and 14B are conceptual diagrams illus-
trating a voltage-sensing method in a power-off period
according to an alternative exemplary embodiment.

[0250] Referring to FIG. 14A, a voltage-sensing operation
for sensing a sensing voltage by the data-sensing circuit
130%_A and the pixel circuit PCk_A will hereinafier be
described. After forming the gate/source voltage (VGS) and
initializing the data line as described above referring to FIG.
13, the voltage-sensing operation may be performed.

[0251] In a first period of the sensing period, the data-
sensing circuit 130%_A receives the second reference voltage
Vref2 through the second input terminal (+) of the amplifier
A

[0252] In such an embodiment, the data-sensing circuit
130%_A turns on the first switch SW1 of the first selector 131
and the third and fourth switches SW3 and SW4 of the
second selector 132, and the data-sensing circuit 130k_A
turns off remaining switches SW2, SW5, SW6, SW7, SW8
and SW9. Thus, the second reference voltage Vref2 applied
to the second input terminal (+) of the amplifier A is applied
to the m-th data line DLm.

[0253] Inthe pixel circuit PCk_A, the switching transistor
T2 is turned on in response to the ON voltage of the n-th
scan signal Sn and the sensing transistor T3 is turned off in
response to the OFF voltage of the n-th sensing control
signal SCrn. The second reference voltage Vref2 applied to
the m-th data line DLm is applied to the control electrode of
the driving transistor T1. The driving transistor T1 is turned
on based on the second reference voltage Vref2. The first
node N1 connected to the second electrode of the driving
transistor T1 receives a sensing voltage corresponding to the
threshold voltage (VTH) of the driving transistor T1.

[0254] Then, in a second period of the sensing period, the
data-sensing circuit 130%_A turns on the sixth switch SW6
of the third selector 133 and the eighth switch SW8 of the
fourth selector 134, and the data-sensing circuit 1304 A
turns off remaining switches SW1, SW2, SW3, SW4, SW5,
SW7 and SW9.

[0255] The switching transistor T2 is turned off in
response to the OFF voltage of the n-th scan signal Sn, and
the sensing transistor T3 is turned on in response to the ON
voltage of the n-th sensing control signal SCn. When the
sensing transistor T3 is turned on, the m-th data line DLm
receives a voltage corresponding to the threshold voltage
(VTH) applied to the first node N1.

[0256] The sensing voltage is stored in the first capacitor
C1 through the m-th data line DLm and the fourth selector
134.

[0257] Referring to FIG. 14B, the data-sensing circuit
130%_A turns on the ninth switch SW9 of the fifth selector
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135, and the data-sensing circuit 130%_A turns off remaining
switches SW1, SW2, SW3, SW4, SW5, SW6, SW7 and
SW8.

[0258] Thus, the output voltage (VOUT) stored in the first
capacitor C1 is stored in the second capacitor C2 and is
applied to the converter ADC.

[0259] The converter ADC converts the output voltage
(VOUT) to sensing data and outputs the sensing data.
[0260] FIG. 15 is a conceptual diagram illustrating a
current-sensing method in a power-off period according to
an alternative exemplary embodiment.

[0261] Referring to FIG. 15, a current-sensing operation
for sensing a sensing current by the data-sensing circuit
130%_A and the pixel circuit PCk_A will hereinafter be
described. After forming the gate/source voltage (VGS) and
initializing the data line as described above referring to FIG.
13, the current-sensing operation may be performed.
[0262] In such an embodiment, the data-sensing circuit
130%_A turns on the sixth switch SW6 of the third selector
133 and the eighth switch SW8 of the fourth selector 134,
and the data-sensing circuit 130%_A turns off' remaining
switches SW1, SW2, SW3, SW4, SW5, SW7 and SW9.
[0263] Inthe pixel circuit PCk_A, the driving transistor T1
is turned on based on a voltage (Vref2) stored in the storage
capacitor C, and a driving current flows into the first node
N1 connected to the anode electrode of the organic light-
emitting diode OLED.

[0264] The sensing transistor T3 is turned on in response
to the ON voltage of the n-th sensing control signal SCn.
When the sensing transistor T3 is turned on, the driving
current applied to the first node N1 is stored in the first
capacitor C1 through the m-th data line DLm and the fourth
selector 134. The first capacitor C1 stores a sensing voltage
corresponding to the driving current.

[0265] Then, referring to FIG. 14B, the data-sensing cir-
cuit 130%_A turns on the ninth switch SW9 of the fifth
selector 135, and the data-sensing circuit 130%k_A turns off
remaining switches SW1, SW2, SW3, SW4, SW5, SW6,
SW7 and SWS.

[0266] Thus, the sensing voltage stored in the first capaci-
tor C1 is stored in the second capacitor C2 and is applied to
the converter ADC.

[0267] The converter ADC converts the sensing voltage to
sensing data and outputs the sensing data.

[0268] Hereinafter, in an exemplary embodiment, the
sensing period may be defined in the display period. The
display period includes a vertical blank period, and the
vertical blank period includes the sensing period. The sens-
ing period includes the initializing period and the signal
sensing period as described above referring to FIG. 13. The
sensing signal may correspond to the threshold voltage and
the driving current of the organic light-emitting diode
OLED. The signal sensing period may include a voltage-
sensing period, in which the threshold voltage is sensed, and
a current-sensing period, in which the driving current is
sensed.

[0269] FIGS. 16A and 16B are conceptual diagrams illus-
trating a fast current-sensing method in a display period
according to an alternative exemplary embodiment.

[0270] According to an exemplary embodiment, a fast
current-sensing operation in the display period may include
resetting the amplifier and sensing the driving current. After
forming the gate/source voltage (VGS) and initializing the
data line as described above referring to FIG. 13, the
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data-sensing circuit 130k_A and the pixel circuit PCk_A
perform the fast current-sensing operation.

[0271] Referring to FIG. 16A, the data-sensing circuit
130% A resets the amplifier A and the feedback capacitor
Crz

[0272] In one exemplary embodiment, for example, the
data-sensing circuit 1304_A receives a second reference
voltage Vref2 having a voltage level (Vsense) through the
second input terminal (+) of the amplifier A.

[0273] In such an embodiment, the data-sensing circuit
130%_A turns on the first switch SW1 of the first selector
131, the third and fourth switches SW3 and SW4 of the
second selector 132 and the seventh and eighth switches
SW7 and SW8 of the fourth selector 134, and the data-
sensing circuit 1304_A turns off remaining switches SW2,
SW5, SW6 and SW9.

[0274] Inthe pixel circuit PCk_A, the switching transistor
T2 is turned off in response to the OFF voltage of the n-th
scan signal Sn, and the sensing transistor T3 is turned on in
response to the ON voltage of the n-th sensing control signal
SCn. The driving transistor T1 is turned on based on a
voltage stored in the storage capacitor CST in the initializing
period described above referring to FIG. 13.

[0275] Thus, a current may flow between the driving
transistor T1, the m-th data line DLm, the amplifier A, the
first capacitor C1 and the ground.

[0276] Thus, the amplifier A may be reset. In such an
embodiment, both terminals of the feedback capacitor C,
which is connected between the input terminal and the
output terminal of the amplifier A, receive a same voltage as
each other and thus, the feedback capacitor C.; may be
reset.

[0277] Then, referring to FIG. 16B, the data-sensing cir-
cuit 130%_A may sense the driving current flowing into the
organic light-emitting diode OLED in the pixel circut
PCk_A.

[0278] In one exemplary embodiment, for example, the
data-sensing circuit 130%_A receives a second reference
voltage Vref2 having a voltage level (Vsense) through the
second input terminal (+) of the amplifier A.

[0279] In such an embodiment, the data-sensing circuit
130%_A turns on the first switch SW1 of the first selector
131, the third switch SW3 of the second selector 132 and the
seventh and eighth switches SW7 and SW8 of the fourth
selector 134, and the data-sensing circuit 130%_A turns off
remaining switches SW2, SW4, SW5, SW6 and SW9.
[0280] In the pixel circuit PCk_A, the switching transistor
T2 is turned off in response to the OFF voltage of the n-th
scan signal Sn, and the sensing transistor T3 is turned on in
response to the ON voltage of the n-th sensing control signal
SCn. When the sensing transistor T3 is turned on, a sensing
current corresponding to the driving current, which flows
into the organic light-emitting diode OLED, is applied to the
amplifier A and the feedback capacitor Cp.

[0281] The sensing current is integrated by the amplifier A
and feedback capacitor C5, and an output voltage (VOUT)
corresponding to the sensing current is outputted through the
output terminal of the amplifier A.

[0282] The output voltage (VOUT) is stored in the first
capacitor C1 through the fourth selector 134.

[0283] Then, referring to FIG. 14B, the data-sensing cir-
cuit 13045 A turns on the ninth switch SW9 of the fifth
selector 135 and turns off remaining switches SW1, SW2,
SW3, SW4, SW5, SW6, SW7 and SWS.
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[0284] Thus, the output voltage (VOUT) stored in the first
capacitor C1 is stored in the second capacitor C2 and is
applied to the converter ADC.

[0285] The converter ADC converts the output voltage
(VOUT) to sensing data and outputs the sensing data.

[0286] FIGS. 17A to 17C are conceptual diagrams illus-
trating a fast voltage-sensing method in a display period
according to an alternative exemplary embodiment.

[0287] According to an exemplary embodiment, a fast
voltage-sensing operation in the display period may include
forming the threshold voltage, forming a swing voltage,
initializing the data line by using the amplifier and sensing
the threshold voltage. After forming the gate/source voltage
(VGS) and initializing the data line as described above
referring to FIG. 13, the data-sensing circuit 130%k_A and the
pixel circuit PCk_A perform the fast voltage-sensing opera-
tion.

[0288] Referring to FIG. 17A, in a first period in the
display period, the data-sensing circuit 1305_A forms the
threshold voltage (VIH) of the driving transistor T1 in the
pixel circuit PCk_A.

[0289] In one exemplary embodiment, for example, the
data-sensing circuit 1304_A receives a second reference
voltage Vref2 having a high voltage level (Vhigh) through
the second input terminal (+) of the amplifier A to form the
threshold voltage (VTH).

[0290] In such an embodiment, the data-sensing circuit
130%_A turns on the first switch SW1 of the first selector 131
and the third and fourth switches SW3 and SW4 of the
second selector 132, and the data-sensing circuit 130%_A
turns off remaining switches SW2, SW5, SW6, SW7, SW8
and SW9. Thus, the high voltage (Vhigh) is applied to the
m-th data line DLm through the amplifier A.

[0291] In the pixel circuit PCk_A, the switching transistor
T2 is turned on in response to the ON voltage of the n-th
scan signal Sn, and the sensing transistor T3 is turned off in
response to the OFF voltage of the n-th sensing control
signal SCr.

[0292] When the switching transistor T2 is turned on, a
voltage corresponding to the high voltage (Vhigh) is applied
to the control electrode of the driving transistor T1. The
driving transistor T1 is turned on in response to the high
voltage (Vhigh). The first node N1, which is connected to
the second electrode of the driving transistor T1 and the
anode electrode of the organic light-emitting diode OLED,
receives a voltage corresponding to a potential difference
(Vhigh-VTH) between the high voltage (Vhigh) and the
threshold voltage (VTH). The gate/source voltage (VGS) of
the driving transistor T1 may correspond to the threshold
voltage (VTH).

[0293] Referring to FIG. 17B, in a second period in the
display period, the data-sensing circuit 130%_A initializes
the m-th data line DL.m by using the amplifier A.

[0294] In one exemplary embodiment, for example, the
data-sensing circuit 130%_A receives the second reference
voltage Vref2 having an initial voltage level (V1) through
the second input terminal (+) of the amplifier A to initial the
m-th data line DLm.

[0295] In such an embodiment, the data-sensing circuit
130%_A turns on the first switch SW1 of the first selector
131, the third and fourth switches SW3 and SW4 of the
second selector 132, the seventh and eighth switches SW7

Jan. 16, 2020

and SW8 of the fourth selector 134, and the data-sensing
circuit 130k_A turns off remaining switches SW2, SW5,
SW6 and SW9.

[0296] Inthe pixel circuit PCk_A, the switching transistor
T2 is turned off in response to the OFF voltage of the n-th
scan signal Sn and the sensing transistor T3 is turned on in
response to the ON voltage of the n-th sensing control signal
SCn.

[0297] Thus, the second node N2 connected to the control
electrode of the driving transistor T1 receives a voltage
corresponding to a potential addition (V1+4VTH) of the
threshold voltage (VTH) and an initial voltage (V1), and the
first node N1 connected to the second electrode of the
driving transistor T1 receives the initial voltage (V1). Thus,
the gate/source voltage (VGS) of the driving transistor T1
may correspond to the threshold voltage (VTH). The storage
capacitor Cy, may store the threshold voltage (VTH).
[0298] Both terminals of the feedback capacitor C,5 con-
nected between the output terminal and the first input
terminal (<) of the amplifier A receive a same voltage as
each other, such as the initial voltage (V1), and thus, the
feedback capacitor Crz may be initialized.

[0299] In such an embodiment, the m-th data line DLm
connected to the amplifier A may be initialized by the initial
voltage (V1).

[0300] Referring to FIG. 17C, in a third period in the
display period, the data-sensing circuit 130%_A senses the
threshold voltage (VTH).

[0301] Inthe pixel circuit PCk_A, the switching transistor
T2 is turned off in response to the OFF voltage of the n-th
scan signal Sn, and the sensing transistor T3 is turned on in
response to the ON voltage of the n-th sensing control signal
SCn.

[0302] In such an embodiment, the data-sensing circuit
130%_A turns on the first switch SW1 of the first selector
131, the third switch SW3 of the second selector 132, the
seventh and eighth switches SW7 and SW8 of the fourth
selector 134, and the data-sensing circuit 130%_A turns off
remaining switches SW2, SW4, SW5, SW6 and SW9.
[0303] When the sensing transistor T3 is turned on, the
storage capacitor C¢yis connected to the feedback capacitor
Cp through the m-th data line DLm. The threshold voltage
(VTH) stored in the storage capacitor Cg- is applied to the
feedback capacitor C. The storage capacitor Cg;, and the
feedback capacitor Cp5, which are connected to each other
through the m-th data line DLm, are charge-shared with each
other.

[0304] The first capacitor C1 stores the output voltage
(VOUT) of the amplifier A through the fourth selector 134.
[0305] Then, referring to FIG. 14B, the data-sensing cir-
cuit 130% A turns on the ninth switch SW9 of the fifth
selector 135, and the data-sensing circuit 130%_A turns off
remaining switches SW1, SW2, SW3, SW4, SW5, SW6,
SW7 and SWS.

[0306] Thus, the output voltage (VOUT) stored in the first
capacitor C1 is stored in the second capacitor C2 and is
applied to the converter ADC.

[0307] The converter ADC converts the output voltage
(VOUT) to sensing data and outputs the sensing data.
[0308] According to exemplary embodiments, the data-
sensing driver may be simplified, and senses the sensing
voltage and the sensing current from the pixel circuit in the
power-off period or in the display period. In such embodi-
ments, in the display period, the sensing voltage from the
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pixel circuit may quickly sense by charge-sharing of the
storage capacitor and the feedback capacitor.
[0309] The invention should not be construed as being
limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the invention to those skilled in the
art.
[0310] While the invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit or scope of the
invention as defined by the following claims.

What is claimed is:

1. A display device comprising:

a pixel circuit comprising:

a switching transistor connected to a data line;

a storage capacitor connected to the switching transis-
tor;

a driving transistor connected to the storage capacitor;

an organic light-emitting diode connected to the driving
transistor; and

a sensing transistor connected between a sensing line
and the driving transistor; and

a data-sensing circuit comprising;

a first selector connected to the data line and the sensing
line;

a second selector connected to an output terminal of an
amplifier, the first selector and a feedback capacitor,
wherein the second selector selectively connects the
output terminal of the amplifier to the first selector
and the feedback capacitor;

a third selector connected to the sensing line; and

a fourth selector connected to the output terminal of the
amplifier and the third selector.

2. The display device of claim 1, wherein the second

selector comprises:

a third switch connected between the output terminal of
the amplifier and the feedback capacitor; and

a fourth switch connected between the output terminal
and a first input terminal of the amplifier.

3. The display device of claim 2, wherein

the first selector comprises:

a first switch connected between the data line and the
fourth switch; and

a second switch connected between the sensing line and
the fourth switch, and

the third selector comprises:

a fifth switch connected between a voltage terminal and
the sensing line; and

a sixth switch connected between the sensing line and
the fourth selector.

4. The display device of claim 3, wherein the fourth

selector comprises:

a seventh switch connected between the second selector
and the sixth switch; and

an eighth switch connected between the seventh switch
and a capacitor of the data-sensing circuit.

5. The display device of claim 4, wherein

a sensing period comprises an initializing period, in which
the pixel circuit is initialized, and a signal sensing
period, in which a sensing signal formed in the pixel
circuit is sensed,
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wherein,

the switching transistor and the sensing transistor are
turned on in the initializing period,

the first, third, fourth and fifth switches are turned on in
the initializing period,

the second, sixth, seventh and eighth switches are turned
off in the initializing period,

the voltage terminal receives a first reference voltage in
the initializing period,

a second input terminal of the amplifier receives a second
reference voltage in the initializing period,

the first reference voltage is applied to an electrode of the
driving transistor, in the initializing period and

the second reference voltage is applied to a control
electrode of the driving transistor in the initializing
period.

6. The display device of claim 5, wherein

the signal sensing period, in which a sensing voltage is
sensed from the pixel circuit, is defined in a power-off
period,

the switching transistor and the sensing transistor are
turned on in the signal sensing period,

the first, third, fourth, sixth and eighth switches are turned
on in the signal sensing period,

the second, fifth and seventh switches are turned off in the
signal sensing period, and

a sensing signal corresponding a threshold voltage of the
driving transistor received from the sensing line is
stored in the capacitor of the data-sensing circuit in the
signal sensing period.

7. The display device of claim 5, wherein

the signal sensing period, in which a sensing current is
sensed from the pixel circuit, is defined in a power-off
period,

the switching transistor is turned off in the signal sensing
period,

the sensing transistor is turned on in the signal sensing
period,

the sixth and eighth switches are turned on in the signal
sensing period,

the first, second, third, fourth, fifth and seventh switches
are turned off in the signal sensing period, and

a sensing signal corresponding a current flowing through
the driving transistor received from the sensing line is
stored in the capacitor of the data-sensing circuit in the
signal sensing period.

8. The display device of claim 5, wherein

the signal sensing period, in which a sensing current is
sensed from the pixel circuit, is defined in a display
period,

the switching transistor is turned off in the signal sensing
period,

the sensing transistor is turned on in the signal sensing
period,

the second, third, fourth, seventh and eighth switches are
turned on in the signal sensing period,

the first, fifth and sixth switches are turned off in the signal
sensing period,

the second input terminal of the amplifier receives a third
reference voltage in the signal sensing period,

a current flows between the driving transistor, which
receives a power source voltage, the sensing line con-
nected to the driving transistor, the amplifier connected
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to the sensing line and a ground connected to the output
terminal of the amplifier in the signal sensing period,
and

the amplifier and the feedback capacitor are reset in the
signal sensing period.

9. The display device of claim 8, wherein

the switching transistor is turned off after the amplifier is
reset,

the sensing transistor is turned on after the amplifier is
reset,

the second, third, seventh and eighth switches are turned
on after the amplifier is reset,

the first, fourth, fifth and sixth switches are turned off after

the amplifier is reset,

sensing signal corresponding to a current flowing

through the driving transistor is applied to the amplifier

and the feedback capacitor after the amplifier is reset,

and

voltage outputted from the output terminal of the

amplifier is stored in the capacitor of the data-sensing

circuit after the amplifier is reset.

10. The display device of claim 5, wherein

the signal sensing period, in which a sensing voltage is
sensed from the pixel circuit, is defined in a display
period,

the switching transistor is turned on in the signal sensing
period,

the sensing transistor is turned off in the signal sensing
period,

the first, third and fourth switches are turned on in the
signal sensing period,

the second, fifth, sixth, seventh and eighth switches are
turned off in the sensing period,

the second input terminal of the amplifier receives a third
reference voltage in the signal sensing period,

the third reference voltage is applied to the control
electrode of the driving transistor through the data line
in the signal sensing period, and

the sensing voltage corresponding to a threshold voltage
of the driving transistor is stored in the storage capaci-
tor in the signal sensing period.

11. The display device of claim 10, wherein

the switching transistor is turned off after the sensing
voltage is stored in the storage capacitor,

the sensing transistor is turned on after the sensing voltage
is stored in the storage capacitor,

the second, third, fourth, seventh and eighth switches are
turned on after the sensing voltage is stored in the
storage capacitor,

the first, fifth and sixth switches are turned off after the
sensing voltage is stored in the storage capacitor,

the second input terminal of the amplifier receives a
fourth reference voltage after the sensing voltage is
stored in the storage capacitor,

the sensing line is connected to the first input terminal of
the amplifier after the sensing voltage is stored in the
storage capacitor,

the output terminal of the amplifier is connected to the
capacitor of the data-sensing circuit after the sensing
voltage is stored in the storage capacitor, and

the sensing line and the feedback capacitor are initialized
through the amplifier after the sensing voltage is stored
in the storage capacitor.
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12. The display device of claim 11, wherein

the switching transistor and the sensing transistor are
turned on after the sensing line is initialized,

the second, third, seventh and eighth switches are turned
on after the sensing line is initialized, and

the first, fourth, fifth and sixth switches are turned off after
the sensing line is initialized,

wherein when the sensing transistor is turned on, the
storage capacitor and the feedback capacitor connected
to each other through the sensing line are charge-shared
with each other and an output voltage of the amplifier
is stored in the capacitor of the data-sensing circuit.

13. A display device comprising:

a pixel circuit comprising:

a switching transistor connected to a data line;

a storage capacitor connected to the switching transis-
tor;

a driving transistor connected to the storage capacitor;

an organic light-emitting diode connected to the driving
transistor; and

a sensing transistor connected between the data line and
the driving transistor; and

a data-sensing circuit comprising:

a first selector connected to the data line;

a second selector connected to an output terminal of an
amplifier, the first selector and a feedback capacitor,
wherein the second selector selectively connects the
output terminal of the amplifier to the first selector
and the feedback capacitor;

a third selector connected to the first selector; and

a fourth selector connected to the output terminal of the
amplifier and the third selector.

14. The display device of claim 13, wherein the second

selector comprises:

a third switch connected between the output terminal of
the amplifier and the feedback capacitor; and

a fourth switch connected between the output terminal
and a first input terminal of the amplifier.

15. The display device of claim 14, wherein

the first selector comprises:

a first switch connected between the data line and the
fourth switch; and

a second switch connected between the data line and
the third selector, and the third selector comprises:

a fifth switch connected between a voltage terminal and
the second switch; and

a sixth switch connected between the second switch
and the fourth selector.

16. The display device of claim 15, wherein the fourth

selector comprises:

a seventh switch connected between the second selector
and the sixth switch; and

an eighth switch connected between the seventh switch
and a capacitor of the data-sensing circuit.

17. The display device of claim 16, wherein

a sensing period comprises an initializing period, in which
the pixel circuit is initialized, and a signal sensing
period, in which a sensing signal formed in the pixel
circuit is sensed,

wherein

in a first period of the initializing period, a second
reference voltage is received from a second input
terminal of the amplifier, the switching transistor is
turned on, the sensing transistor is turned off, the first,
third and fourth switches are turned on, the second,
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fifth, sixth, seventh and eighth switches are turned off,
and the second reference voltage is applied to a control
electrode of the driving transistor, and

in a second period of the initializing period, a voltage
terminal receives a first reference voltage, the switch-
ing transistor is turned off, the sensing transistor is
turned on, the fifth switch is turned on, the first, second,
third, fourth, sixth, seventh and eighth switches are
turned off, and an electrode of the driving transistor
receives the first reference voltage.

18. The display device of claim 16, wherein

the signal sensing period, in which a sensing voltage is
sensed from the pixel circuit, is defined in a power-off
period,

in a first period of the signal sensing period, a second
input terminal of the amplifier receives a reference
voltage, the switching transistor is turned on, the sens-
ing transistor is turned off, the first, third and fourth
switches are turned on, the second, fifth, sixth, seventh
and eighth switches are turned off, and the driving
transistor forms a threshold voltage, and

in a second period of the signal sensing period, the
switching transistor is turned off, the sensing transistor
is turned on, the sixth and eighth switches are turned
on, the first, second, third, fourth, fifth and seventh
switches are turned off, and a sensing signal corre-
sponding to the threshold voltage of the driving tran-
sistor is stored in the capacitor of the data-sensing
circuit through the data line.

19. The display device of claim 16, wherein

the signal sensing period, in which a sensing current is
sensed from the pixel circuit, is defined in a power-off
period,

the switching transistor is turned off in the signal sensing
period,

the sensing transistor is turned on in the signal sensing
period,

the sixth and eighth switches are turned on in the signal
sensing period,

the first, second, third, fourth, fifth and seventh switches
are turned off in the signal sensing period, and

a sensing signal corresponding a current flowing through
the driving transistor received from the data line is
stored in the capacitor of the data-sensing circuit in the
signal sensing period.

20. The display device of claim 16, wherein

the signal sensing period, in which a sensing current is
sensed from the pixel circuit, is defined in a display
period,

the switching transistor is turned off in the signal sensing
period,

the sensing transistor is turned on, the first, third, fourth,
seventh and eighth switches are turned on in the signal
sensing period,

the second, fifth and sixth switches are turned off in the
signal sensing period,

the second input terminal of the amplifier receives a
reference voltage in the signal sensing period,

a current flows between the driving transistor, which
receives a power source voltage, the data line con-
nected to the driving transistor, the amplifier connected
to the data line and a ground connected to the output
terminal of the amplifier in the signal sensing period,
and
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the amplifier and the feedback capacitor are reset in the
signal sensing period.
21. The display device of claim 20, wherein after the

amplifier is reset,

the switching transistor is turned off; the sensing transistor
is turned on, the first, third, seventh and eighth switches
are turned on, the second, fourth, fifth and sixth
switches are turned off,

a sensing signal corresponding to a current flowing
through the driving transistor is applied to the amplifier
and the feedback capacitor, and

a voltage outputted from the output terminal of the
amplifier is stored in the capacitor of the data-sensing
circuit.

22. The display device of claim 16, wherein

the signal sensing period, in which a sensing voltage is
sensed from the pixel circuit, is defined in a display
period,

the switching transistor is turned on in the signal sensing
period,

the sensing transistor is turned off in the signal sensing
period,

the first, third and fourth switches are turned on in the
signal sensing period,

the second, fifth, sixth, seventh and eighth switches are
turned off in the signal sensing period,

a second input terminal of the amplifier receives a second
reference voltage in the signal sensing period,

the second reference voltage is applied to the control
electrode of the driving transistor through the data line
in the signal sensing period, and

the sensing voltage corresponding to a threshold voltage
of the driving transistor is stored in the storage capaci-
tor in the signal sensing period.

23. The display device of claim 22, wherein

the switching transistor is turned off; the sensing transistor
is turned on after the sensing voltage is stored in the
storage capacitor,

the first, third, fourth, seventh and eighth switches are
turned on after the sensing voltage is stored in the
storage capacitor,

the second, fifth and sixth switches are turned off after the
sensing voltage is stored in the storage capacitor,

a second input terminal of the amplifier receives a third
reference voltage after the sensing voltage is stored in
the storage capacitor,

the data line is connected to a first input terminal of the
amplifier after the sensing voltage is stored in the
storage capacitor,

the output terminal of the amplifier is connected to the
capacitor of the data-sensing circuit after the sensing
voltage is stored in the storage capacitor, and

the data line and the feedback capacitor are initialized
through the amplifier after the sensing voltage is stored
in the storage capacitor.

24. The display device of claim 23, wherein

the switching transistor is turned off after the data line is
initialized,

the sensing transistor is turned on after the sensing line is
initialized,

the first, third, seventh and eighth switches are turned on
and the second, fourth, fifth and sixth switches turned
off after the sensing line is initialized,
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wherein when the sensing transistor is turned on, the
storage capacitor and the feedback capacitor connected
to each other through the data line are charge-shared
with each other and an output voltage of the amplifier
is stored in a capacitor of the data-sensing circuit.

25. A method of driving a display device comprising: a
pixel circuit comprising an organic light-emitting diode; and
a data-sensing circuit comprising a first selector connected a
data line of the pixel circuit and a sensing line, a second
selector which selectively connects an output terminal of an
amplifier to the first selector and a feedback capacitor, a third
selector connected to the sensing line, and a fourth selector
connected to the output terminal of the amplifier and the
third selector, the method comprising:

initializing the pixel circuit,

wherein the initializing the pixel circuit comprises:

transferring a first reference voltage to the sensing line
through the third selector,

turning on a sensing transistor of the pixel circuit,
which is connected to the sensing line in the pixel
circuit, such that the first reference voltage is applied
to the pixel circuit,

transferring a second reference voltage received from
an amplifier of the data-sensing circuit to the data
line through the first selector, and

turning on a switching transistor of the pixel circuit,
which is connected to the data line in the pixel
circuit, such that the second reference voltage is
applied to the pixel circuit.

26. The method of claim 25, further comprising;

sensing a sensing voltage formed in the pixel circuit in a

power-off period,

wherein the sensing the sensing voltage in the power-off

period comprises:

transferring a reference voltage received from the
amplifier to the data line through the first selector
and the second selector;

turning on the switching transistor connected to the
data line in the pixel circuit such that reference
voltage is applied to the pixel circuit; and

storing the sensing voltage of the pixel circuit trans-
ferred from the sensing line by the third selector and
the fourth selector in a capacitor.

27. The method of claim 25, further comprising:

sensing a sensing current formed in the pixel circuit in a

power-off period,

wherein the sensing the sensing current in the power-off

period comprises:

turning off the switching transistor;

turning on the sensing transistor; and

storing the sensing current of the pixel circuit trans-
ferred from the sensing line by the third selector and
the fourth selector in a capacitor of the data-sensing
circuit.
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28. The method of claim 25, further comprising;
initializing an amplifier in a display period,
wherein the initializing the amplifier in the display period
comprises:
turning on the sensing transistor,
connecting the sensing line to an amplifier by the first
selector, wherein an input terminal and an output
terminal of the amplifier are connected to each other
by the second selector,
connecting the output terminal of the amplifier to a
capacitor of the data-sensing circuit by the fourth
selector, wherein the capacitor is connected to a
ground, and
flowing a current between the driving transistor, which
receives a power source voltage, the sensing line
connected to the driving transistor, the amplifier
connected to the sensing line and a ground connected
to the output terminal of the amplifier such that the
amplifier and the feedback capacitor are reset.
29. The method of claim 28, further comprising;
sensing a sensing current formed in the pixel circuit in the
display period,
wherein the sensing the sensing current in the display
period comprises:
turning on the sensing transistor,
connecting the sensing line to an amplifier by the first
selector, wherein an input terminal and an output
terminal of the amplifier are connected to each other
through the feedback capacitor by the second selec-
tor,
connecting the output terminal of the amplifier to a
capacitor of the data-sensing circuit by the fourth
selector, and
storing the sensing current flowing through the driving
transistor to the capacitor by the amplifier and the
feedback capacitor.
30. The method of claim 28, further comprising;
sensing a sensing voltage of the pixel circuit in the display
period,
wherein the sensing the sensing voltage in the display
period comprises:
turning on the sensing transistor,
connecting the sensing line to an amplifier by the first
selector, wherein an input terminal and an output
terminal of the amplifier are connected to each other
through the feedback capacitor by the second selec-
tor, and
connecting the output terminal of the amplifier to a
capacitor of the data-sensing circuit by the fourth
selector,
wherein when the sensing transistor is turned on, the
storage capacitor and the feedback capacitor con-
nected to each other through the sensing line are
charge-shared with each other, and an output voltage
of the amplifier is stored in the capacitor of the
data-sensing circuit.
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