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(54) DISPLAY DEVICE AND METHOD OF DRIVING THE SAME

(57)  Adisplaydevice includes adisplay partincluding
an organic light emitting diode (OLED) connected to a
pixel circuit connected to a pixel circuit comprising a driv-
ing transistor connected to the organic light emitting di-
ode, a switching transistor connected to a scan line, and
a sensing transistor connected to a sensing scan line, a
signal generator configured to generate at least one dis-
play output enable (OE) signal during an image display
period in which the organic light emitting diode is config-
ured to emit a light; and generate at least one sensing
OE signal during a sensing period in which a sensing
signal is received from the pixel circuit; and a scan driver
including a display scan signal terminal as an odd num-
bered output terminal connected to the scan line and a
sensing scan signal terminal as an even numbered out-
put terminal connected to the sensing scan line, wherein
the scan driver is configured to: generate a scan signal

for turning on the switching transistor in response to the

display OE signal during the image display period; and
generate a sensing scan signal for turning on the sensing
transistor in response to the sensing OE signal during
the sensing period.
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Description
BACKGROUND
FIELD

[0001] Embodiments/implementations of the invention
relate generally to a display device and a method of driv-
ing the display device, and more specifically, to a display
device for improving a display quality and a method of
driving the display device.

DISCUSSION OF THE BACKGROUND

[0002] Organic light emitting display devices are de-
vices for displaying images using organic light emitting
diodes. Driving transistors that supply current to the or-
ganic light emitting diodes and the organic light emitting
diodes can be degraded by use. Organic light emitting
display devices may not be able to display images of
desired luminance due to deterioration of the organic light
emitting diodes or driving transistors.

[0003] Organic light emitting display devices apply a
reference signal to the pixels, measure the current flow-
ing into each of the pixels according to the reference sig-
nal, determine the deterioration of the pixel based on the
measured current and compensate for the deterioration
of the pixels.

[0004] The deterioration compensation methods may
include an inside compensation method for placing com-
pensation circuits inside the pixels and an external com-
pensation method for placing compensation circuits out-
side the panel to simplify the circuit structure within the
pixels.

[0005] The above information disclosed in this Back-
ground section is only for understanding of the back-
ground of the inventive concepts, and, therefore, it may
contain information that does not constitute prior art.

SUMMARY

[0006] Devices constructed according to implementa-
tions of the invention may be capable of providing a dis-
play device forimproving a display quality. Also, methods
according to implementations of the invention may be
capable of driving the display device.

[0007] Additional features of the inventive concepts will
be set forth in the description which follows, and in part
will be apparent from the description, or may be learned
by practice of the inventive concepts.

[0008] According to one or more embodiments of the
invention, a display device includes a display partinclud-
ing an organic light emitting diode connected to a pixel
circuit including a driving transistor connected to the or-
ganic light emitting diode, a switching transistor connect-
ed to a scan line and a sensing transistor connected to
asensing scan line, a signal generator configured to gen-
erate at least one display output enable (OE) signal dur-
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ing an image display period in which the organic light
emitting diode is configured to emit a light; and generate
at least one sensing OE signal during a sensing period
in which a sensing signal is received from the pixel circuit;
and a scan driver including a display scan signal terminal
as an odd numbered output terminal connected to the
scan line and a sensing scan signal terminal as an even
numbered output terminal connected to the sensing scan
line, wherein the scan driver is configured to: generate a
scan signal for turning on the switching transistor in re-
sponse to the display OE signal during the image display
period; and generate a sensing scan signal for turning
on the sensing transistor in response to the sensing OE
signal during the sensing period.

[0009] Duringthe image display period, the scan driver
may be configured to sequentially output a plurality of
scan signals having an ON voltage for turning on the
switching transistor to a plurality of scan lines; and se-
quentially output a plurality of sensing scan signals hav-
ing an ON voltage for turning on the sensing transistor
to a plurality of sensing scan lines.

[0010] During the sensing period, the scan driver may
be configured to: output a plurality of scan signals having
an OFF voltage for turning off the switching transistor to
aplurality of scan lines; and sequentially output a plurality
of sensing scan signals having the ON voltage to a plu-
rality of sensing scan lines.

[0011] During the sensing period, the scan driver may
be configured to: output a plurality of scan signals having
an OFF voltage for turning off the switching transistor to
aplurality of scan lines; and sequentially output a plurality
of sensing scan signals having the ON voltage to a sens-
ing scan line corresponding to an sensing area which is
preset in the display part.

[0012] The scan driver may be configured to generate
a sensing scan signal of the sensing area based on a
logical operation result of the plurality of sensing OE sig-
nals.

[0013] The sensing area may be preset to include at
least one pixel row, and the sensing signal may be re-
ceived from the pixel circuit in the at least one pixel row.
[0014] Alocation of the sensing area in the display part
may be changed by at least one frame.

[0015] The display device may comprise a plurality of
plurality of organic light emitting diodes connected to a
corresponding plurality of pixel circuits. Each pixel circuit
may comprise a respective one of a plurality driving tran-
sistors connected to a respective one of the organic light
emitting diodes, a respective one of a plurality of switch-
ing transistors connected to one of a plurality of scan
lines, and a respective one of a plurality of sensing tran-
sistors connected to one of a plurality of sensing scan
lines.

[0016] Duringthe image display period, the scan driver
may be configured to: sequentially output a plurality of
scan signals having an ON voltage for sequentially turn-
ing on the plurality of switching transistors to the plurality
of scan lines; and sequentially output a plurality of sens-
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ing scan signals having an ON voltage for sequentially
turning on the plurality of sensing transistors to the plu-
rality of sensing scan lines.

[0017] During the sensing period, the scan driver may
be configured to: output a plurality of scan signals having
an OFF voltage for turning off the plurality of switching
transistors to the plurality of scan lines; and sequentially
output a plurality of sensing scan signals having the ON
voltage to the plurality of sensing scan lines.

[0018] During the sensing period, the scan driver may
be configured to: output a plurality of scan signals having
an OFF voltage for turning off the plurality of switching
transistors to the plurality of scan lines, and outputa sens-
ing scan signal having the ON voltage to one of the plu-
rality of sensing scan lines corresponding to a sensing
area which is preset in the display part.

[0019] The scan driver may be configured to generate
the sensing scan signal corresponding to the sensing
area based on a logical operation result of the plurality
of sensing OE signals.

[0020] During the sensing period, the scan driver may
be configured to sequentially output a plurality of sensing
scan signals having the ON voltage to a plurality of sens-
ing scan lines corresponding to the sensing area which
is preset in the display part. The plurality of sensing scan
lines corresponding to the sensing area may comprise a
subset of the entirety of the plurality of sensing scan lines.
[0021] The scan driver may be configured to generate
said sensing scan signals corresponding to the sensing
area based on a logical operation result of the plurality
of sensing OE signals.

[0022] The sensing area may be preset to include at
least one pixel row, and the sensing signal may be re-
ceived from the pixel circuit in the at least one pixel row.
[0023] The sensing area may be preset to include a
plurality of pixel rows. The sensing signal may be re-
ceived from atleast one pixel circuitin each of the plurality
of pixel rows.

[0024] A location of the sensing area in the display part
may be changed every one or more frames.

[0025] In the or each pixel circuit, the switching tran-
sistor may include a gate electrode connected to a scan
line, a first electrode connected to a data line and a sec-
ond electrode connected to a gate electrode of the driving
transistor, the sensing transistor may include a gate elec-
trode connected to a sensing scan line, a first electrode
connected to a second electrode of the driving transistor
and a second electrode connected to a sensing line, and
the organic light emitting diode may include an anode
electrode connected to a second electrode of the driving
transistor.

[0026] During the image display period, the switching
transistor may be turned onin response to the ON voltage
of the scan signal and a data voltage applied to the data
line may be applied to a gate electrode of the driving
transistor, and during the image display period, the sens-
ing transistor may be turned on in response to the ON
voltage of the sensing scan signal and an initial voltage
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applied to the sensing line is applied to the anode elec-
trode of the organic light emitting diode.

[0027] During the image display period, the switching
transistor in each pixel circuit may be turned on in re-
sponse to the ON voltage of one of the scan signals and
a data voltage applied to the data line may be applied to
a gate electrode of the driving transistor, and during the
image display period, the sensing transistor in each pixel
circuit may be turned on in response to the ON voltage
of one of the sensing scan signals and an initial voltage
applied to the sensing line is applied to the anode elec-
trode of the organic light emitting diode.

[0028] The data voltage may be applied sequentially
to gate electrodes of the plurality of driving transistors.
That is, as the switching transistors are sequentially
turned on, a data voltage (e.g. a different data voltage
for each of the pixel circuits) may be applied to each of
the driving transistors in sequence.

[0029] During the sensing period, the switching tran-
sistor may be turned off in response to the OFF voltage
of the scan signal, and during the image display period,
the sensing transistor may be turned on in response to
the ON voltage of the sensing scan signal and the sensing
signal of the pixel circuit may be applied to the sensing
line.

[0030] During the sensing period, the switching tran-
sistor in each pixel circuit may be turned off in response
to the OFF voltage of the scan signal, and during the
image display period, the sensing transistor in each pixel
circuit may be turned on in response to the ON voltage
of one of the sensing scan signals and the sensing signal
of the pixel circuit may be applied to the sensing line. The
sensing signal of each pixel circuit may be applied to the
sensing line sequentially.

[0031] According to one or more embodiments of the
invention, a method of driving a display device which in-
cludes a display part including an organic light emitting
diode connected to a pixel circuitincluding a driving tran-
sistor connected to the organic light emitting diode, a
switching transistor connected to a scan line and a sens-
ing transistor connected to a sensing scan line, the meth-
od includes generating at least one display output enable
(OE) signal during an image display period in which the
organic light emitting diode emits a light, providing a scan
signal having an ON voltage turning on the switching tran-
sistor in response to the display OE signal to a scan line
during the image display period, generating at least one
sensing OE signal during a sensing period in which a
sensing signal is received from the pixel circuit, and pro-
viding a sensing scan signalhaving an ON voltage turning
on the sensing transistor in response to the sensing OE
signal to a sensing scan line during the sensing period.
[0032] The method may further include: during the im-
age display period, sequentially outputting a plurality of
scan signals having an ON voltage for turning on the
switching transistor to a plurality of scan lines; and during
the image display period, sequentially outputting a plu-
rality of sensing scan signals having an ON voltage for
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turning on the sensing transistor to a plurality of sensing
scan lines.

[0033] The method may further include: during the
sensing period, outputting a plurality of scan signals hav-
ing an OFF voltage for turning off the switching transistor
to a plurality of scan lines; and during the sensing period,
sequentially outputting a plurality of sensing scan signals
having the ON voltage to a plurality of sensing scan lines.
[0034] The method may further include: during the
sensing period, outputting a plurality of scan signals hav-
ing an OFF voltage for turning off the switching transistor
to a plurality of scan lines; and during the sensing period,
sequentially outputting a plurality of sensing scan signals
having the ON voltage to a sensing scan line correspond-
ing to an sensing area which is presetin the display part.
[0035] The method may further include logic operating
a plurality of sensing OE signals; and generating a sens-
ing scan signal of the sensing area in response to a result
of the logic operation of the plurality of sensing OE sig-
nals.

[0036] Thedisplay part may comprise a plurality of plu-
rality of organic light emitting diodes connected to a cor-
responding plurality of pixel circuits, each pixel circuit
comprising a respective one of a plurality driving transis-
tors connected to a respective one of the organic light
emitting diodes, a respective one of a plurality of switch-
ing transistors connected to one of a plurality of scan
lines, and a respective one of a plurality of sensing tran-
sistors connected to one of a plurality of sensing scan
lines.

[0037] The method may further include: during the im-
age display period, sequentially outputting a plurality of
scan signals having an ON voltage for sequentially turn-
ing on the plurality of switching transistors to the plurality
of scan lines; and during the image display period, se-
quentially outputting a plurality of sensing scan signals
having an ON voltage for sequentially turning on the plu-
rality of sensing transistors to the plurality of sensing scan
lines.

[0038] The method may further include: during the
sensing period, outputting a plurality of scan signals hav-
ing an OFF voltage for turning off the plurality of switching
transistors to the plurality of scan lines; and during the
sensing period, sequentially outputting a plurality of sens-
ing scan signals having the ON voltage to the plurality of
sensing scan lines.

[0039] The method may further include: during the
sensing period, outputting a plurality of scan signals hav-
ing an OFF voltage for turning off the plurality of switching
transistors to the plurality of scan lines; and during the
sensing period, outputting a sensing scan signal having
the ON voltage to one of the plurality of sensing scan
lines corresponding to a sensing area which is preset in
the display part.

[0040] The method may further comprise, during the
sensing period, sequentially outputting a plurality of sens-
ing scan signals having the ON voltage to the a plurality
of sensing scan lines corresponding to the sensing area.
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The plurality of sensing scan lines corresponding to the
sensing area may comprise a subset of the entirety of
the plurality of sensing scan lines

[0041] The method may further include logic operating
a plurality of sensing OE signals; and generating a sens-
ing scan signal corresponding to the sensing area in re-
sponse to a result of the logic operation of the plurality
of sensing OE signals.

[0042] The sensing area may be preset to include at
least one pixel row, and the sensing signal may be re-
ceived from the pixel circuit in the at least one pixel row.
[0043] Alocation of the sensing area in the display part
may be changed by at least one frame.

[0044] Alocation of the sensing area in the display part
may be changed every one or more frames.

[0045] In the or each pixel circuit, the switching tran-
sistor may include a gate electrode connected to a scan
line, a first electrode connected to a data line and a sec-
ond electrode connected to a gate electrode of the driving
transistor, the sensing transistor may include a gate elec-
trode connected to a sensing scan line, a first electrode
connected to a second electrode of the driving transistor
and a second electrode connected to a sensing line, and
the organic light emitting diode may include an anode
electrode connected to a second electrode of the driving
transistor.

[0046] The method may further include: during the im-
age display period, turning on the switching transistor in
response to the ON voltage of the scan signal and a data
voltage applied to the data line is applied to a gate elec-
trode of the driving transistor; and during the image dis-
play period, turning on the sensing transistor in response
to the ON voltage of the sensing scan signal and an initial
voltage applied to the sensing line is applied to the anode
electrode of the organic light emitting diode.

[0047] The method may further include: during the im-
age display period, turning on the switching transistor in
each pixel circuit in response to the ON voltage of one
of the scan signals and a data voltage applied to the data
line is applied to a gate electrode of the driving transistor;
and during the image display period, turning on the sens-
ing transistor in each pixel circuit in response to the ON
voltage of one of the sensing scan signals and an initial
voltage applied to the sensing line is applied to the anode
electrode of the organic light emitting diode.

[0048] The method may comprise, sequentially apply-
ing the data voltage to gate electrodes of the plurality of
driving transistors. That is, as the switching transistors
are sequentially turned on, a data voltage (e.g. a different
data voltage for each of the pixel circuits) may be applied
to each of the driving transistors in sequence.

[0049] The method may further include: during the
sensing period, turning off the switching transistor in re-
sponse to the OFF voltage of the scan signal; and during
the sensing period, turning on the sensing transistor in
response to the ON voltage of the sensing scan signal
and the sensing signal of the pixel circuit may be applied
to the sensing line.
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[0050] The method may further include: during the
sensing period, turning off the switching transistor in each
pixel circuit in response to the OFF voltage of one of the
scan signals; and during the sensing period, turning on
the sensing transistor in each pixel circuit in response to
the ON voltage of one of the sensing scan signals and
the sensing signal of the pixel circuit may be applied to
the sensing line.

[0051] The sensing signal of each pixel circuit may be
applied to the sensing line sequentially

[0052] According to some of the inventive concepts,
the sensing OE signal for activating the sensing scan
lines only of the sensing area in the display part is gen-
erated and thus, the sensing signal is received from only
the pixel circuits of the sensing area based on the sensing
OE signal. Therefore, a decoder for activating the sens-
ing scan lines of the sensing area may be omitted and
thus, the scan driver may be simplified.

[0053] It will be appreciated that features described in
the context of, or in combination with, one embodiment
of the present disclosure may be used in combination
with other embodiments described herein. For example,
features described in combination with a method de-
scribed above, may be combined with the display also
described above, and vice versa.

[0054] It is to be understood that both the foregoing
general description and the following detailed description
are explanatory and are intended to provide further ex-
planation of the invention as claimed. At least some of
the above features that accord with the invention, and
other features according to the invention, are set out in
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention, and to-
gether with the description serve to explain the inventive
concepts.

FIG. 1 is a block diagram illustrating an organic light
emitting display device according to an embodiment.
FIG. 2 is a circuit diagram illustrating a pixel circuit
according to an embodiment.

FIG. 3 is a block diagram illustrating a signal gener-
ator of FIG. 1.

FIG. 4 is a flowchart diagram illustrating a method
of driving the organic light emitting display device
according to an embodiment.

FIG. 5 is a waveform diagram illustrating a method
of driving a scan driver during an image display pe-
riod according to an embodiment.

FIG. 6 is a waveform diagram illustrating a method
of driving a scan driver during a sensing period ac-
cording to an embodiment.

FIG. 7Ais a concept drawing of the organic light emit-
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ting display device illustrating the method of driving
a scan driver during a sensing period according to
an embodiment.

FIG. 7B is a waveform diagram illustrating a method
of driving a scan driver during a sensing period ac-
cording to an embodiment.

FIG. 8 is a waveform diagram illustrating a method
of driving a scan driver during an image display pe-
riod according to an embodiment.

FIG.9Ais a conceptdrawing of the organic light emit-
ting display device illustrating the method of driving
a scan driver during a sensing period according to
an embodiment.

FIG. 9B is a waveform diagram illustrating a method
of driving a scan driver during a sensing period ac-
cording to an embodiment.

DETAILED DESCRIPTION

[0056] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of various em-
bodiments or implementations of the invention. As used
herein "embodiments" and "implementations" are inter-
changeable words that are non-limiting examples of de-
vices or methods which may employ one or more of the
inventive concepts disclosed herein. It is apparent, how-
ever, that various embodiments may be practiced without
these specific details or with one or more equivalent ar-
rangements. In other instances, well-known structures
and devices are shown in block diagram form in order to
avoid unnecessarily obscuring various embodiments.
Further, various embodiments may be different, but do
not have to be exclusive. For example, specific shapes,
configurations, and characteristics of an embodiment
may be used or implemented in another embodiment
without departing from the inventive concepts.

[0057] Unless otherwise specified, the illustrated em-
bodiments are to be understood as providing features of
varying detail of some ways in which the inventive con-
cepts may be implemented in practice. Therefore, unless
otherwise specified, the features, components, modules,
layers, films, panels, regions, and/or aspects, etc. (here-
inafter individually or collectively referred to as "ele-
ments"), of the various embodiments may be otherwise
combined, separated, interchanged, and/or rearranged
without departing from the inventive concepts.

[0058] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries between adjacent elements. As such, neither
the presence nor the absence of cross-hatching or shad-
ing conveys or indicates any preference or requirement
for particular materials, material properties, dimensions,
proportions, commonalities between illustrated ele-
ments, and/or any other characteristic, attribute, proper-
ty, etc., of the elements, unless specified. Further, in the
accompanying drawings, the size and relative sizes of
elements may be exaggerated for clarity and/or descrip-
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tive purposes. When an embodiment may be implement-
ed differently, a specific process order may be performed
differently from the described order. For example, two
consecutively described processes may be performed
substantially at the same time or performed in an order
opposite to the described order. Also, like reference nu-
merals denote like elements.

[0059] When an element, such as a layer, is referred
to as being "on," "connected to," or "coupled to" another
element or layer, it may be directly on, connected to, or
coupled to the other element or layer or intervening ele-
ments or layers may be present. When, however, an el-
ement or layer is referred to as being "directly on," "di-
rectly connected to," or "directly coupled to" another el-
ement or layer, there are no intervening elements or lay-
ers present. To this end, the term "connected" may refer
to physical, electrical, and/or fluid connection, with or
without intervening elements. Further, the D1-axis, the
D2-axis, and the D3-axis are not limited to three axes of
a rectangular coordinate system, such as the x, y, and z
- axes, and may be interpreted in a broader sense. For
example, the D1-axis, the D2-axis, and the D3-axis may
be perpendicular to one another, or may represent dif-
ferent directions that are not perpendicular to one anoth-
er. For the purposes of this disclosure, "at least one of
X, Y, and Z" and "at least one selected from the group
consisting of X, Y, and Z" may be construed as X only,
Y only, Z only, or any combination of two or more of X,
Y, and Z, such as, for instance, XYZ, XYY, YZ, and ZZ.
As used herein, the term "and/or" includes any and all
combinations of one or more of the associated listed
items.

[0060] Although the terms "first," "second," etc. may
be used herein to describe various types of elements,
these elements should not be limited by these terms.
These terms are used to distinguish one element from
another element. Thus, a first element discussed below
could be termed a second element without departing from
the teachings of the disclosure.

[0061] Spatially relative terms, such as "beneath," "be-
low," "under," "lower," "above," "upper," "over," "higher,"
"side" (e.g., as in "sidewall"), and the like, may be used
herein for descriptive purposes, and, thereby, to describe
one elements relationship to another element(s) as illus-
trated in the drawings. Spatially relative terms are intend-
ed to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the
orientation depicted in the drawings. For example, if the
apparatus in the drawings is turned over, elements de-
scribed as "below" or "beneath" other elements or fea-
tures would then be oriented "above" the other elements
or features. Thus, the term "below" can encompass both
an orientation of above and below. Furthermore, the ap-
paratus may be otherwise oriented (e.g., rotated 90 de-
grees or at other orientations), and, as such, the spatially
relative descriptors used herein interpreted accordingly.
[0062] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
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to be limiting. As used herein, the singular forms, "a,"
"an," and "the" are intended to include the plural forms
as well, unless the context clearly indicates otherwise.
Moreover, the terms "comprises," "comprising," "in-
cludes," and/or "including," when used in this specifica-
tion, specify the presence of stated features, integers,
steps, operations, elements, components, and/or groups
thereof, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. It is also
noted that, as used herein, the terms "substantially,"
"about," and other similar terms, are used as terms of
approximation and not as terms of degree, and, as such,
are utilized to account for inherent deviations in meas-
ured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

[0063] As customary in the field, some embodiments
are described and illustrated in the accompanying draw-
ings in terms of functional blocks, units, and/or modules.
Those skilled in the art will appreciate that these blocks,
units, and/or modules are physically implemented by
electronic (or optical) circuits, such as logic circuits, dis-
crete components, microprocessors, hard-wired circuits,
memory elements, wiring connections, and the like,
which may be formed using semiconductor-based fabri-
cation techniques or other manufacturing technologies.
In the case of the blocks, units, and/or modules being
implemented by microprocessors or other similar hard-
ware, they may be programmed and controlled using
software (e.g., microcode) to perform various functions
discussed herein and may optionally be driven by
firmware and/or software. It is also contemplated that
each block, unit, and/or module may be implemented by
dedicated hardware, or as a combination of dedicated
hardware to perform some functions and a processor
(e.g., one or more programmed microprocessors and as-
sociated circuitry) to perform other functions. Also, each
block, unit, and/or module of some embodiments may be
physically separated into two or more interacting and dis-
crete blocks, units, and/or modules without departing
from the scope of the inventive concepts. Further, the
blocks, units, and/or modules of some embodiments may
be physically combined into more complex blocks, units,
and/or modules without departing from the scope of the
inventive concepts.

[0064] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure is a part. Terms,
such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is con-
sistent with their meaning in the context of the relevant
art and should not be interpreted in an idealized or overly
formal sense, unless expressly so defined herein.
[0065] FIG. 1is ablock diagram illustrating an organic
light emitting display device according to an embodiment.
FIG. 2 is a circuit diagram illustrating a pixel circuit ac-
cording to an embodiment. FIG. 3 is a block diagram
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illustrating a signal generator of FIG. 1.

[0066] Referring to FIG. 1, the organic light emitting
display device may include a display part 110, a timing
controller 120, a data driver 130, a signal generator 140,
a scan driver 150, and a sensing driver 160.

[0067] The display part 110 may include a plurality of
pixels 111, a plurality of scan lines SL1, SL2, ... SLN, a
plurality of sensing scan line SSL1, SSL2, ..., SSLN, a
plurality of data lines DL1, DL2,..., DM, and a plurality of
sensing line SDL1, SDL2,..., SDLM (wherein, 'N’ and "M’
are natural numbers).

[0068] The pixels 111 may be arranged in a matrix type
that includes the plurality of pixel rows and the plurality
of pixel columns. The pixel row may correspond to a hor-
izontal line for the display part 110, and the pixel column
may correspond to a vertical line for the display part 110.
[0069] Each pixel 111 may include a pixel circuit PC,
and the pixel circuit PC may include a plurality of tran-
sistors which is connected to a scan line, a sensing scan
line, a data line, and a sensing line, and an organic light
emitting diode which is connected to the plurality of tran-
sistors.

[0070] Forexample, referringto FIG. 2, the pixel circuit
PC of the pixel includes an i-th data line DLi, an i-th sens-
ing line SDLi, a j-th scan line SLj, a j-th sensing scan line
SSLj, a driving transistor T1, an organic light emitting
diode OLED, a switching transistor T2, a storage capac-
itor CST and a sensing transistor T3 (wherein, i’ is a
natural number which is equal to or smaller than 'M’ and
i’ is a natural number which is equal to or smaller than
'N’).

[0071] The i-th data line DLi is connected to an output
terminal of the data driver 130 and transmits a data volt-
age.

[0072] The i-th sensing line SDLi is connected to the
sensing driver 160. The i-th sensing line SDLi transmits
an initial voltage for initializing the pixel circuit PC in an
image display period and transmits a sensing signal gen-
erated in the pixel circuit PC to the sensing driver 160 in
a sensing period.

[0073] The j-th scan line SLj may be connected to a j-
th display scan signal terminal of the scan driver 150
which is a j-th odd numbered output terminal of the scan
driver 150 and transmits an j-th scan signal Sj generated
from the scan driver 150.

[0074] The j-th sensing scan line SSLj may be con-
nected to a j-th sensing scan signal terminal of the scan
driver 150 which is a j-th even numbered output terminal
of the scan driver 150, and transmits a j-th sensing scan
signal SSj generated from the scan driver 150.

[0075] The driving transistor T1 includes a gate elec-
trode connected to a storage capacitor CST, a first elec-
trode receiving a first power source voltage ELVDD and
a second electrode connected to an anode electrode of
the organic light emitting diode OLED.

[0076] The organic light emitting diode OLED includes
the anode electrode connected to the second electrode
of the driving transistor T1 and a cathode electrode re-
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ceiving a second power source voltage ELVSS.

[0077] The switching transistor T2includes a gate elec-
trode connected to an j-th scan line SLj, a first electrode
connected to the i-th data line DLiand a second electrode
connected to the gate electrode of the driving transistor
T1.

[0078] The storage capacitor CST includes a first elec-
trode connected to the gate electrode of the driving tran-
sistor T1 and a second electrode connected to the anode
electrode of the organic light emitting diode OLED.
[0079] The sensing transistor T3 includes a gate elec-
trode connected to the j-th sensing scan line SSLj, a first
electrode connected to the second electrode of the driv-
ing transistor T1 and a second electrode connected to
the i-th sensing line SDLi.

[0080] The organiclight emitting display device is pow-
ered on, i.e. the pixel circuit PC is operated in the image
display period, as follows.

[0081] During a first period of the image display period,
in which the switching transistor T2 receives an ON volt-
age of the j-th scan signal Sj through the j-th scan line
SLj, the switching transistor T2 is turned on in response
to the ON voltage of the j-th scan signal Sj, and a data
voltage applied to the i-th data line DLi is applied to a
second node N2 which is the gate electrode of the driving
transistor T1 and is stored at the storage capacitor CST.
[0082] The driving transistor T1 is turned on based on
the data voltage, and a driving current by the first power
source voltage ELVDD flows toward the anode electrode
of the organic light emitting diode OLED, which is a first
node N1.

[0083] The organic light emitting diode OLED emits a
light of an image in response to the driving current gen-
erated corresponding to the data voltage.

[0084] During a second period of the image display
period, in which the sensing transistor T3 receives the
ON voltage of the j-th sensing scan signal SSj, the sens-
ing transistor T3 is turned on in response to the ON volt-
age of the j-th sensing scan signal SSj, and the initial
voltage applied to the i-th sensing line SDLi is applied to
the anode electrode (N1) of the organic light emitting di-
ode OLED. Thus, the anode electrode (N1) of the organic
light emitting diode OLED may be initialized.

[0085] The organiclight emitting display device is pow-
ered off, i.e. the pixel circuit PC is operated in the sensing
period, as follows.

[0086] During the sensing period, the switching tran-
sistor T2 is turned off in response to an OFF voltage of
the j-th scan signal Sj, and the sensing transistor T3 is
turned oninresponse to the ON voltage of the j-th sensing
scan signal SS;.

[0087] Thus, asensing signal of the firstnode N1 which
is connected to the second electrode of the driving tran-
sistor T1 and the anode electrode of the organic light
emitting diode OLED is transmitted to the sensing driver
160 through the i-th sensing line SDLi.

[0088] The timing controller 120 may receive a control
signal CONT and image data DATA from an external
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graphics device. The timing controller 120 is configured
to generate a plurality of control signals based on the
control signal CONT. The plurality of control signals may
include a first control signal CONT1 for controlling the
data driver 130, a second control signal CONT2 for con-
trolling the signal generator 140 and a third control signal
CONTS3 for controlling the sensing driver 160.

[0089] The data driver 130 may be configured convert
corrected image data DATAc received from the timing
controller 120 from analog to digital and to generate data
voltages based on the first control signal CONT1 provid-
ed from the timing controller 120 and to transmit the data
voltages to the data lines.

[0090] The signal generator 140 may be configured to
generate a scan control signal for controlling the scan
driver 150 based on the second control signal CONT2.
[0091] The scan control signal may include a first scan
control signal SCS1 in the image display period in which
the pixel circuit PC display an image, and a second scan
control signal SCS2 in the sensing period in which the
sensing signal is received from the pixel circuit PC.
[0092] Forexample, ReferringtoFIG. 3, the signal gen-
erator 140 may be configured to receive a vertical sync
signal Vsync, a horizontal sync signal Hsync, a main
clock signal MCLK and an image enable signal D_EN (or
a sensing enable signal S_EN) which is a second control
signal CONT2 provided from the timing controller 120.
[0093] Theimage enable signal D_EN may be activat-
ed in the image display period and deactivated in the
sensing period. The sensing enable signal S_EN may be
activated in the sensing period and deactivated in the
image display period.

[0094] During the image display period, the signal gen-
erator 140 may be configured to generate a start vertical
signal STV and a plurality of clock signals CLK1 and
CLK2. In addition, the signal generator 140 may be con-
figured to generate at least one display output enable
signal (hereinafter, display OE signal D_OE). The atleast
one display OE signal D_OE controls a falling timing of
a scan signal outputted from an odd numbered output
terminal as a display scan signal terminal and an even
numbered output terminal as a sensing scan signal ter-
minal of the scan driver 150.

[0095] During the sensing period, the signal generator
140 may be configured to generate a start vertical signal
STV and a plurality of clock signals CLK1 and CLK2. In
addition, the signal generator 140 is configured to gen-
erate the at least one sensing output enable (OE) signal
(sensing OE signal, S_OE). The sensing OE signal con-
trols the scan driver 150 to mask a scan signal outputted
from the display scan signal terminal of the scan driver
150 and to output a sensing scan signal from the sensing
scan signal terminal of the scan driver 150 corresponding
to a sensing area in the display part.

[0096] The scan driver 150 is configured to generate
a plurality of scan signals S1, S2,..., SN and a plurality
of sensing scan signals SS1, SS2, ..., SSN in response
to the first scan control signal SCS1 in the image display
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period. The scan driver includes a plurality of output ter-
minals, odd numbered output terminals as display scan
signal terminals connected to the plurality of scan lines
SL1 to SLN, and even numbered output terminals as
sensing scan signal terminals connected to the plurality
of sensing scan line SSL1 to SSLN.

[0097] The sensing driver 160 is connected to the plu-
rality of sensing lines SDL1, SDL2, ..., SDLM. The sens-
ing driver 160 is configured to provide the plurality of
sensing lines SDL1, SDL2, ..., SDLM with an initial volt-
age based on the third control signal in the image display
period, and to receive a sensing signal from the plurality
of pixels in the sensing area in the sensing period.
[0098] The sensing driver 160 is configured to gener-
ate sensing data SD using the sensing signal received
from the pixels in the sensing area and to provide the
timing controller 120 with the sensing data SD. The timing
controller 120 is configured to calculate compensation
data for compensating the image data using the sensing
data SD, to apply the compensation data to the image
data and to generate corrected image data DATAc. The
corrected image data DATAc may be provided to the data
driver 130.

[0099] In some embodiments, the timing controller
120, the data driver 130, the signal generator 140, the
scan driver 150, the sensing driver 160, and/or one or
more components thereof, may be implemented via one
or more general purpose and/or special purpose compo-
nents, such as one or more discrete circuits, digital signal
processing chips, integrated circuits, application specific
integrated circuits, microprocessors, processors, pro-
grammable arrays, field programmable arrays, instruc-
tion set processors, and/or the like.

[0100] According to one or more embodiments, the
features, functions, processes, etc., described herein
may be implemented via software, hardware (e.g., gen-
eral processor, digital signal processing (DSP) chip, an
application specific integrated circuit (ASIC), field pro-
grammable gate arrays (FPGAs), etc.), firmware, or a
combination thereof. In this manner, the timing controller
120, the data driver 130, the signal generator 140, the
scan driver 150, the sensing driver 160, and/or one or
more components thereof may include or otherwise be
associated with one or more memories (not shown) in-
cluding code (e.g., instructions) configured to cause the
timing controller 120, the data driver 130, the signal gen-
erator 140, the scan driver 150, the sensing driver 160,
and/or one or more components thereof to perform one
or more of the features, functions, processes, etc., de-
scribed herein.

[0101] The memories may be any medium that partic-
ipates in providing code to the one or more software,
hardware, and/or firmware components for execution.
Such memories may be implemented in any suitable
form, including, but not limited to, non-volatile media, vol-
atile media, and transmission media. Non-volatile media
include, for example, optical or magnetic disks. Volatile
media include dynamic memory. Transmission media in-
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clude coaxial cables, copper wire and fiber optics. Trans-
mission media can also take the form of acoustic, optical,
or electromagnetic waves. Common forms of computer-
readable media include, for example, a floppy disk, a
flexible disk, hard disk, magnetic tape, any other mag-
netic medium, a compact disk-read only memory (CD-
ROM), arewriteable compact disk (CD-RW), a digital vid-
eo disk (DVD), a rewriteable DVD (DVD-RW), any other
optical medium, punch cards, paper tape, optical mark
sheets, any other physical medium with patterns of holes
or other optically recognizable indicia, a random-access
memory (RAM), a programmable read only memory
(PROM), and erasable programmable read only memory
(EPROM), a FLASH-EPROM, any other memory chip or
cartridge, a carrier wave, or any other medium from which
information may be read by, for example, a control-
ler/processor.

[0102] FIG. 4 is aflowchart diagram illustrating a meth-
od of driving the organic light emitting display device ac-
cording to an embodiment. FIG. 5 is a waveform diagram
illustrating a method of driving a scan driver during an
image display period according to an embodiment.
[0103] Referring to FIGS. 1, 4, and 5, a method of driv-
ing the organic light emitting display device during the
image display period is explained.

[0104] The signal generator 140 receives a display en-
able signal D_EN and asensingenable signal S_EN from
the timing controller 120 (S110).

[0105] For example, in the image display period, the
display enable signal D_EN is activated and the sensing
enable signal S_EN is deactivated. When the signal gen-
erator 140 receives the display enable signal D_EN
which is activated (S120), the signal generator 140 gen-
erates a start vertical signal STV, a plurality of clock sig-
nals CLK1 and CLK2 and a single display OE signal
D_OE (S130).

[0106] The scan driver 150 receives the start vertical
signal STV, the plurality of clock signals CLK1 and CLK2
and the single display OE signal D_OE.

[0107] The scan driver 150 starts an operation based
on the start vertical signal STV.

[0108] The scan driver 150 may generate the sensing
scan signal based on the clock signal CLK2. The scan
driver 150 may generate the scan signal based on the
clock signal CLK1.

[0109] The scan driver 150 generates a plurality of
scan signals S1, S2, S3, ..., SN in synchronization with
a first clock signal CLK1. The plurality of scan signals
S1, 82, S3, ..., SN may have a high voltage period cor-
responding to a high voltage period of the first clock signal
CLK1. The high voltage period is the period with a high
voltage H, and the low voltage period is the period with
a low voltage L.

[0110] The scandriver 150 generates plurality of sens-
ing scan signals SS1, SS2, SS3, ..., SSN in synchroni-
zation with a second clock signal CLK2. The plurality of
sensing scan signals SS1, SS2, SS3, ..., SSN may have
a high voltage period corresponding to a high voltage
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period of the second clock signal CLK2. The second clock
signal CLK2 may have a delay difference from the first
clock signal CLK1. For example, the first clock signal
CLK1 and the second clock signal CLK2 may have similar
period and duty cycle, but be out of phase.

[0111] A frame period may include first to N-th odd
numbered horizontal periods Ho1 to HoN corresponding
to the first to N-th scan signals S1 to SN and first to N-th
even numbered horizontal periods He1 to HeN corre-
spondingto firstto N-th sensing scan signals SS1 to SSN.
[0112] The display OE signal D_OE has a high voltage
H and a low voltage L in a horizontal period, and may be
an alternating current (AC) signal swinging between the
high voltage H and the low voltage L in a horizontal period.
Thus, each horizontal period of the display OE signal
D_OE may have a high voltage period having the high
voltage H and a low voltage period having the low voltage
L.

[0113] The scan driver 150 may control an output of
the plurality of scan signals S1, S2, S3, ..., SN based on
the display OE signal D_OE.

[0114] For example, the scan driver 150 may control
the plurality of scan signals S1, S2, S3, ..., SN into the
high voltage H in a period overlapping with the high volt-
age period of the display OE signal D_OE and the plu-
rality of scan signals S1, S2, S3, ..., SN into the low volt-
age L in a period overlapping with the low voltage period
of the display OE signal D_OE. Asiillustrated, during eve-
ry other one of the high/low cycles of the display OE signal
D_OE, a single one of the scan signals S1, S2, S3, ...,
SN may be controlled to switch to the high voltage H and
then back to the low voltage L. The high voltage H of the
scan signal is the ON voltage for turning on the switching
transistor in the pixel circuit and the low voltage L of the
scan signalis the OFF voltage for turning off the switching
transistor in the pixel circuit.

[0115] In addition, the scan driver 150 may control an
output of the plurality of sensing scan signals SS1, SS2,
SS3, ..., SSN based on the display OE signal D_OE.
[0116] For example, the scan driver 150 may control
the plurality of sensing scan signals SS1, SS2, SS3, ...,
SSN into the high voltage H in a period overlapping with
the high voltage period of the display OE signal D_OE
and the plurality of sensing scan signals SS1, SS2,
SS3, ..., SSN into the low voltage L in a period overlap-
ping with the low voltage period of the display OE signal
D_OE. As illustrated, during every other one of the
high/low cycles of the display OE signal D_OE, a single
one of the sensing scan signals SS1, SS2, SS3, ..., SSN
may be controlled to switch to the high voltage H and
then back to the low voltage L. The switching of the sens-
ing scan signals SS1, SS2, SS3, ..., SSN may take place
in cycles of the display OE signal D_OE, between the
cycles during which the scan signals S1, S2, S3, ..., SN
are caused to switch. The high voltage H of the sensing
scan signal is the ON voltage for turning on the sensing
transistor in the pixel circuit and the low voltage L of the
sensing scan signal is the OFF voltage for turning off the
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sensing transistor in the pixel circuit.

[0117] Therefore, the high voltage period of the plural-
ity of scan signals S1, S2, S3, ..., SN and the plurality of
sensing scan signals SS1, SS2, SS3, ..., SSN may be
terminated at the start of a corresponding low voltage
period of the display OE signal D_OE. It will be under-
stood that the display OE signal D_OE has a plurality of
high/low cycles, each of which may correspondto asingle
high/low cycle of one of the plurality of scan signals S1,
S2, S3, ..., SN and the plurality of sensing scan signals
S81, SS2, SS3, ..., SSN.

[0118] The scan driver 150 generates the plurality of
scan signals S1, S2, S3, ..., SN, and sequentially outputs
the generated scan signals S1, S2, S3, ..., SN through
the odd numbered output terminals of the scan driver
150, which are the display scan signal terminals, to the
first to N-th scan lines SL1 to SLN. The scan driver 150
also generates the plurality of sensing scan signals SS1,
SS2, SS3, ..., SSN and sequentially outputs the gener-
ated sensing scan signals SS1, SS2, SS3, ..., SSN
through the even numbered output terminals of the scan
driver 150, which are the sensing scan signal terminals,
to the first to N-th sensing scan lines SSL1 to SSLN (Step
S140).

[0119] However, the data driver 130 outputs a plurality
of data voltages to the plurality of data lines DL1, DL2,...,
DM. The sensing driver 160 may output the plurality of
initial voltages to the plurality of sensing line SDL1,
SDL2,..., SDLM.

[0120] The pixel circuits of the display part 110 may
emit the light corresponding to the data voltages in re-
sponse to the scan signals. The pixel circuits of the dis-
play part 110 may initialize based on the initial voltages
in response to the sensing scan signals (Step S150).
[0121] FIG. 6 is a waveform diagram illustrating a
method of driving a scan driver during a sensing period
according to an embodiment.

[0122] Referring to FIGS. 1, 4, and 6, the organic light
emitting display device may receive the sensing signals
from all pixels of the display part 110 in the sensing pe-
riod.

[0123] In the sensing period, a method of driving the
organic light emitting display device is explained.
[0124] The signal generator 140 receives a display en-
able signal D_EN and a sensing enable signal S_EN
(Step S110).

[0125] Forexample, inthe sensing period, the sensing
enable signal S_EN is activated and the display enable
signal D_EN is deactivated. When the signal generator
140 receives the sensing enable signal S_EN which is
activated (Step S220), the signal generator 140 gener-
ates a start vertical signal STV, a plurality of clock signals
CLK1 and CLK2 and a single sensing OE signal S_OE
(Step S230).

[0126] The scan driver 150 receives the start vertical
signal STV, the plurality of clock signals CLK1 and CLK2
and the single sensing OE signal S_OE.

[0127] The scan driver 150 starts an operation based
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on the start vertical signal STV.

[0128] The scan driver 150 may generate the sensing
scan signal based on the clock signal CLK2. The scan
driver 150 may generate the scan signal based on the
clock signal CLK1.

[0129] The scan driver 150 generates a plurality of
scan signals S1, S2, S3, ..., SN in synchronization with
a first clock signal CLK1. During the sensing period, the
plurality of scan signals S1, S2, S3, ..., SN may have a
low voltage L.

[0130] The scan driver 150 generates a plurality of
sensing scan signals SS1, SS2, SS3, ..., SSN in syn-
chronization with a second clock signal CLK2. The plu-
rality of sensing scan signals SS1, SS2, SS3, ..., SSN
may have a high voltage period corresponding to a high
voltage period of the second clock signal CLK2. The sec-
ond clock signal CLK2 may have a delay difference from
the first clock signal CLK1. For example, the first clock
signal CLK1 and the second clock signal CLK2 may have
similar period and duty cycle, but be out of phase.
[0131] A frame period may include first to N-th odd
numbered horizontal periods Ho1 to HoN corresponding
to the first to N-th scan signals S1 to SN (which may be
low for the duration of the sensing period) and first to N-
th even numbered horizontal periods He1 to HeN corre-
spondingto firstto N-th sensing scan signals SS1 to SSN.
[0132] Inanembodiment, a sensing area corresponds
to an entire area of the display part. The sensing OE
signal S_OE may have first to N-th even numbered hor-
izontal periods He1 to HeN corresponding to first to N-th
sensing scan signals SS1 to SSN, and each of the first
to N-th even numbered horizontal periods He1 to HeN
may have a high voltage period having a high voltage H
and a low voltage period having a low voltage L. The
sensing OE signal S_OE may have first to N-th odd num-
bered horizontal periods Ho1 to HoN corresponding to
first to N-th scan signals S1 to SN and each of the first
to N-th odd numbered horizontal periods Ho1 to HoN
may have the low voltage L.

[0133] The scan driver 150 may control the first to N-
th sensing scan signals SS1 to SSN into the high voltage
H in a period overlapping with the high voltage period of
the sensing OE signal S_OE, and into the low voltage L
in a period overlapping with the low voltage period of the
sensing OE signal S_OE.

[0134] Thus, the scan driver 150 generates the first to
N-th sensing scan signals SS1 to SSN having the high
voltage H corresponding to the sensing area, and se-
quentially outputs the first to N-th sensing scan signals
SS1 to SSN through the even numbered output terminals
of the scan driver 150 to the first to N-th sensing scan
lines SSL1 to SSLN (Step S240).

[0135] The scan driver 150 controls the first to N-th
scan signals S1 to SN into the low voltage L based on
the sensing OE signal S_OE.

[0136] Thus, the scan driver 150 outputs the first to N-
th scan signals S1 to SN having the low voltage L through
the odd numbered output terminals of the scan driver 150
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to the first to N-th scan lines SL1 to SLN.

[0137] The sensing driver 160 receives sensing sig-
nals from all pixel circuits in the display part 110 that is
the sensing area in response to the first to N-th sensing
scan signals SS1 to SSN through the plurality of sensing
lines SDL1, SDL2,..., SDLM (Step S250).

[0138] Therefore, in the sensing period, the sensing
OE signal for activating all sensing scan lines of the dis-
play part is generated and thus, the sensing signal is
received from all pixel circuits of the display part based
on the sensing OE signal.

[0139] FIG. 7Ais a concept drawing of the organic light
emitting display device illustrating the method of driving
a scan driver during a sensing period according to an
embodiment. FIG. 7B shows waveform diagrams illus-
trating a method of driving a scan driver during a sensing
period according to an embodiment.

[0140] Referring to FIG. 7A, the organic light emitting
display device may receive a sensing signal from a plu-
rality of pixels in a sensing area which is preset of the
display part 110.

[0141] For example, the display part 110 includes a
first area A1 and a second area A2, and the first area A1
is preset as the sensing area. A location of the sensing
area in the display part 110 may be preset variously and
may be changed every one or more frames. The sensing
area may include at least one pixel row.

[0142] Referring to FIGS. 1, 4, and 7B, in the sensing
period, a method of driving the organic light emitting dis-
play device is explained.

[0143] The signal generator 140 receives a display en-
able signal D_EN and asensingenable signal S_EN from
the timing controller 120 (Step S110).

[0144] Forexample, inthe sensing period, the sensing
enable signal S_EN is activated and the display enable
signal D_EN is deactivated. When the signal generator
140 receives the sensing enable signal S_EN which is
activated (Step S220), the signal generator 140 gener-
ates a start vertical signal STV, a plurality of clock signals
CLK1 and CLK2 and a single sensing OE signal S_OE
(Step S230).

[0145] The scan driver 150 receives the start vertical
signal STV, the plurality of clock signals CLK1 and CLK2
and the single sensing OE signal S_OE.

[0146] The scan driver 150 starts an operation based
on the start vertical signal STV.

[0147] The scan driver 150 may generate the sensing
scan signal based on the clock signal CLK2. The scan
driver 150 may generate the scan signal based on the
clock signal CLK1.

[0148] The scan driver 150 generates a plurality of
scan signals S1, S2, S3, ..., SN in synchronization with
a first clock signal CLK1. During the sensing period, the
plurality of scan signals S1, S2, S3, ..., SN may have a
low voltage L.

[0149] The scandriver 150 generates plurality of sens-
ing scan signals SS1, SS2, SS3, ..., SSN in synchroni-
zation with a second clock signal CLK2. The plurality of
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sensing scan signals SS1, SS2, SS3, ..., SSN may have
a high voltage period corresponding to a high voltage
period of the second clock signal CLK2. The second clock
signal CLK2 may have a delay difference from the first
clock signal CLK1. For example, the first clock signal
CLK1 and the second clock signal CLK2 may have similar
period and duty cycle, but be out of phase.

[0150] A frame period may include first to N-th odd
numbered horizontal periods Ho1 to HoN corresponding
to the first to N-th scan signals S1 to SN (although during
the sensing period, itmay be that none of the scan signals
S1 to SN are activated) and first to N-th even numbered
horizontal periods He1 to HeN corresponding to first to
N-th sensing scan signals SS1 to SSN.

[0151] Inanembodiment, a sensing area corresponds
to a first area A1 of the display part. The sensing OE
signal S_OE may have first to k-th even numbered hor-
izontal periods He1 to Hek corresponding to first to k-th
sensing scan signals SS1 to SSkin the firstarea A1, and
each of the first to k-th even numbered horizontal periods
He1 to Hek may have a high voltage period having a high
voltage H and a low voltage period having a low voltage
L. The sensing OE signal S_OE may have a low voltage
L in remaining horizontal periods of the frame period ex-
cept for the first to k-th even numbered horizontal periods
He1 to Hek. The remaining horizontal periods of the
frame period include first to N-th odd numbered horizon-
tal periods Ho1 to HoN, and the (k+1)-th to N-th even
numbered horizontal periods He(k+1) to HeN. The
number k is a natural number equal to or smaller than N.
[0152] The scan driver 150 may control the first to k-
th sensing scan signals SS1 to SSk into the high voltage
H in a period overlapping with the high voltage period of
the sensing OE signal S_OE, and into the low voltage L
in a period overlapping with the low voltage period of the
sensing OE signal S_OE.

[0153] Thus, the scan driver 150 generates the first to
k-th sensing scan signals SS1 to SSk having the high
voltage H corresponding to the first area A1 that is the
sensing area, and sequentially outputs the first to k-th
sensing scan signals SS1 to SSk to the first to k-th sens-
ing scan lines SSL1 to SSLk of the first area A1 (Step
S240).

[0154] The scan driver 150 controls the first to N-th
scan signals S1to SN and (k+1)-th to N-th sensing scan
signals SSk+1 to SSN corresponding to the second area
A2 into the low voltage L based on the sensing OE signal
S_OE.

[0155] Therefore, the scan driver 150 outputs the first
to N-th scan signals S1 to SN having the low voltage L
to the first to N-th scan lines SL1 to SLN, and outputs the
(k+1)-th to N-th sensing scan signals SSk+1 to SSN hav-
ing the low voltage L to the (k+1)-th to N-th sensing scan
lines SSLk+1 to SSLN inthe second area A2 (Step S240).
[0156] The sensing driver 160 receives sensing sig-
nals from the pixel circuits in the first area A1 that is the
sensing area in response to the first to k-th sensing scan
signals SS1 to SSk through the plurality of sensing lines
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SDL1, SDL2,..., SDLM (Step S250).

[0157] Therefore, in the sensing period, the sensing
OE signal for activating only the sensing scan lines of
thefirstarea A1 is generated and thus, the sensing signal
is received from the only pixel circuits of the first area A1
based on the sensing OE signal S_OE.

[0158] FIG. 8 is a waveform diagram illustrating a
method of driving a scan driver during an image display
period according to an embodiment.

[0159] Referring to FIGS. 1, 4, and 8, in the image dis-
play period, a method of driving the organic light emitting
display device is explained.

[0160] The signal generator 140 receives a display en-
able signal D_EN and asensingenable signal S_EN from
the timing controller 120 (Step S110).

[0161] For example, in the image display period, the
display enable signal D_EN is activated and the sensing
enable signal S_EN is deactivated. When the signal gen-
erator 140 receives the display enable signal D_EN
which is activated (Step S120), the signal generator 140
generates a start vertical signal STV, a plurality of clock
signals CLK1 and CLK2 and a plurality of display OE
signals D_OE1 and D_OE2 (Step S130).

[0162] The scan driver 150 receives the start vertical
signal STV, the plurality of clock signals CLK1 and CLK2
and the plurality of display OE signals D_OE1 and
D_OE2.

[0163] The scan driver 150 starts an operation based
on the start vertical signal STV.

[0164] The scan driver 150 may generate the sensing
scan signal based on the clock signal CLK2. The scan
driver 150 may generate the scan signal based on the
clock signal CLK1.

[0165] The scan driver 150 generates a plurality of
scan signals S1, S2, S3, ..., SN in synchronization with
a first clock signal CLK1. The plurality of scan signals
S1, 82, S3, ..., SN may have a high voltage period cor-
responding to a high voltage period of the first clock signal
CLK1. The high voltage period is the period with a high
voltage H, and the low voltage period is the period with
a low voltage L.

[0166] The scandriver 150 generates plurality of sens-
ing scan signals SS1, SS2, SS3, ..., SSN in synchroni-
zation with a second clock signal CLK2. The plurality of
sensing scan signals SS1, SS2, SS3, ..., SSN may have
a high voltage period corresponding to a high voltage
period of the second clock signal CLK2. The second clock
signal CLK2 may have a delay difference from the first
clock signal CLK1. For example, the first clock signal
CLK1 andthe second clock signal CLK2 may have similar
period and duty cycle, but be out of phase.

[0167] A frame period may include first to N-th odd
numbered horizontal periods Ho1 to HoN corresponding
to the first to N-th scan signals S1 to SN and first to N-th
even numbered horizontal periods He1 to HeN corre-
sponding tofirstto N-th sensing scan signals SS1to SSN.
[0168] A first display OE signal D_OE1 have a high
voltage H and a low voltage L in a horizontal period, and
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may be an alternating current (AC) signal swinging be-
tween the high voltage H and the low voltage L in a hor-
izontal period. Thus, the horizontal period of the first dis-
play OE signal D_OE1 may have a high voltage period
having the high voltage H and a low voltage period having
the low voltage L.

[0169] A second display OE signal D_OE2 may be a
direct current (DC) signal which always has the low volt-
age L in the frame period.

[0170] The scan driver 150 may control an output of
the plurality of scan signals S1, S2, S3, ..., SN based on
a logical operation of the plurality of display OE signals
D_OE1 and D_OE2.

[0171] For example, the scan driver 150 operates the
first and second display OE signals D_OE1 and D_OE2
using an OR logical operator and thus the scan driver
150 may control the plurality of scan signals S1, S2,
S3, ..., SN into the high voltage H in a period overlapping
with the high voltage period of the first display OE signal
D_OE1 and the plurality of scan signals S1, S2, S3, ...,
SN into the low voltage L in a period overlapping with the
low voltage period of the first display OE signal D_OE1.
[0172] Therefore, the high voltage period of the plural-
ity of scan signals S1, S2, S3, ..., SN and the plurality of
sensing scan signals SS1, SS2, SS3, ..., SSN may be
terminated at the start of a corresponding low voltage
period of the first display OE signal D_OE1.

[0173] As the described above, an output waveform of
the scan signal may be controlled using the OR logical
operation of two display OE signals D_OE1 and D_OE2,
but not limited thereto. The output waveform of the scan
signal may be controlled using variously logical opera-
tions (OR, AND, XOR, etc.) of two or more display OE
signals.

[0174] The scan driver 150 generates the plurality of
scansignals S1,S2, S3, ..., SN, and sequentially outputs
through the odd numbered output terminals of the scan
driver 150 which are the display scan signal terminals of
the scan driver 150. The scan driver 150 generates the
plurality of sensing scan signals SS1, SS2, SS3, ..., SSN
and sequentially outputs through the even numbered out-
put terminals of the scan driver 150 which are the sensing
scan signal terminals of the scan driver 150 (Step S140).
[0175] The data driver 130 outputs a plurality of data
voltages to the plurality of data lines DL1, DL2,..., DM.
The sensing driver 160 may output the plurality of initial
voltages to the plurality of sensing line SDL1, SDL2,...,
SDLM.

[0176] The pixel circuits of the display part 110 may
emit the light corresponding to the data voltages in re-
sponse to the scan signals. The pixel circuits of the dis-
play part 110 may initialize based on the initial voltages
in response to the sensing scan signals (Step S150).
[0177] FIG.9A s aconcept drawing of the organic light
emitting display device illustrating the method of driving
a scan driver during a sensing period according to an
embodiment. FIG. 9B shows waveform diagrams illus-
trating a method of driving a scan driver during a sensing
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period according to an embodiment.

[0178] Referring to FIG. 9A, the organic light emitting
display device may receive a sensing signal from a plu-
rality of pixel circuits arranged in a partial area of the
display part 110 in a sensing period.

[0179] For example, the display part 110 includes a
first area A1 and a second area A2 and the second area
A2 is preset as a sensing area. A location of the sensing
area in the display part 110 may be preset variously and
may be changed every one or more frames.

[0180] Referring to FIGS. 1, 4, and 9B, in the sensing
period, a method of driving the organic light emitting dis-
play device is explained.

[0181] The signal generator 140 receives a display en-
able signal D_EN and asensingenable signal S_EN from
the timing controller 120 (Step S110).

[0182] Forexample, inthe sensing period, the sensing
enable signal S_EN is activated and the display enable
signal D_EN is deactivated. When the signal generator
140 receives the sensing enable signal S_EN which is
activated (Step S220), the signal generator 140 gener-
ates a start vertical signal STV, a plurality of clock signals
CLK1 and CLK2 and a plurality of sensing OE signals
S_OE1 and S_OE2 (Step S230).

[0183] The scan driver 150 receives the start vertical
signal STV, the plurality of clock signals CLK1 and CLK2
and the plurality of sensing OE signals S_OE1 and
S_OE2.

[0184] The scan driver 150 starts an operation based
on the start vertical signal STV.

[0185] The scan driver 150 may generate the sensing
scan signal based on the clock signal CLK2. The scan
driver 150 may generate the scan signal based on the
clock signal CLK1.

[0186] During a display period, the scan driver 150
generates a plurality of scan signals S1, S2, S3, ..., SN
in synchronization with a first clock signal CLK1. The plu-
rality of scan signals S1, S2, S3, ..., SN may have a high
voltage period corresponding to a high voltage period of
the first clock signal CLK1. The high voltage period is the
period with a high voltage H, and the low voltage period
is the period with a low voltage L. However, during the
sensing period as illustrated in FIG. 9B, the plurality of
scan signals S1, S2, S3, ..., SN may have a low voltage.
[0187] The scandriver 150 generates plurality of sens-
ing scan signals SS1, SS2, SS3, ..., SSN in synchroni-
zation with a second clock signal CLK2. The plurality of
sensing scan signals SS1, SS2, SS3, ..., SSN may have
a high voltage period corresponding to a high voltage
period of the second clock signal CLK2. The second clock
signal CLK2 may have a delay difference from the first
clock signal CLK1. For example, the first clock signal
CLK1 andthe second clock signal CLK2 may have similar
period and duty cycle, but be out of phase.

[0188] A frame period may include first to N-th odd
numbered horizontal periods Ho1 to HoN corresponding
to the first to N-th scan signals S1 to SN and first to N-th
even numbered horizontal periods He1 to HeN corre-
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spondingto firstto N-th sensing scan signals SS1 to SSN.
[0189] In an embodiment, the sensing area corre-
sponds to the second area A2 of the display part. The
first sensing OE signal S_OE1 may have (k+1)-th to N-
th even numbered horizontal periods He(k+1) to HeN
corresponding to (k+1)-th to N-th sensing scan signals
SSk+1 to SSN in the second area A2, and each of the
(k+1)-th to N-th even numbered horizontal periods
He(k+1) to HeN may have a high voltage period having
a high voltage H. The first sensing OE signal S_OE1 may
have a low voltage L in remaining horizontal periods of
the frame period except for the (k+1)-th to N-th even num-
bered horizontal periods He(k+1) to HeN. The remaining
horizontal periods of the frame period include first to N-
th odd numbered horizontal periods Ho1 to HoN.
[0190] The scan driver 150 may control an output of
the plurality of scan signals S1, S2, S3, ..., SN based on
a logical operation of the plurality of sensing OE signals
S_OE1 and S_OE2.

[0191] For example, the scan driver 150 operates the
first and second sensing OE signals S_OE1 and S_OE2
using an OR logical operator. As a result, the OR logical
operated signal may have the low level in all first to N-th
odd numbered horizontal periods Ho1 to HoN. Therefore,
the scan driver 150 may control the plurality of scan sig-
nals S1, S2, S3, ..., SN into the low voltage L based on
an OR logical operation of the first and second sensing
OE signals S_OE1 and S_OEZ2.

[0192] The scan driver 150 may control an output
waveform of the plurality of sensing scan signals SS1,
SS2,..., SSN based on the OR logical operation of the
first and second sensing OE signals S_OE1 and S_OE2.
[0193] For example, in the first to k-th even numbered
horizontal periods He1 to Hek corresponding to the first
area A1, the first and second sensing OE signals S_OE1
and S_OE2 have the low voltage L and thus the OR log-
ical operated signal may have the low level in all first to
k-th even numbered horizontal periods He1 to Hek.
Therefore, the scan driver 150 controls the first to k-th
sensing scan signals SS1 to SSk into the low voltage L
in the first to k-th even numbered horizontal periods He1
to Hek using the OR logical operation of the first and
second sensing OE signals S_OE1 and S_OE2. The
number k is a natural number equal to or smaller than N.
[0194] However,inthe (k+1)-th to N-th even numbered
horizontal periods He(k+1) to HeN corresponding to the
second area A2 that is the sensing area, the first sensing
OE signal S_OE1 has the high voltage H, and the second
sensing OE signal S_OE2 has the low voltage. Thus, the
OR logical operated signal may have the high level in all
(k+1)-th to N-th even numbered horizontal periods
He(k+1) to HeN. Therefore, the scan driver 150 controls
the (k+1)-th to N-th sensing scan signals SSk+1 to SSN
into the high voltage H in the (k+1)-th to N-th even num-
bered horizontal periods He(k+1) to HeN using the OR
logical operation of the first and second sensing OE sig-
nals S_ OE1and S_OE2.

[0195] Therefore, the scan driver 150 generates the
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(k+1)-th to N-th sensing scan signals SSk+1 to SSN hav-
ing the high voltage H corresponding to the second area
A2 that is the sensing area, and sequentially outputs the
(k+1)-th to N-th sensing scan signals SSk+1 to SSN to
(k+1)-th to N-th sensing scan lines SSLk+1 to SSLN in
the second area A2 (Step S240).

[0196] Thescandriver 150 outputs the firstto N-th scan
signals S1 to SN having the low voltage L to the first to
N-th scan lines SL1 to SLN, and outputs the first to k-th
sensing scan signals SS to SSk having the low voltage
L to the first to k-th sensing scan lines SSL1 to SSLk in
the first area A1 (Step S240).

[0197] The sensingdriver 160 may receive the sensing
signals from the pixel circuits in the second area A2 of
the display part 110 in response to the (k+1)-th to N-th
sensing scan signals SSk+1 to SSN through the plurality
of sensing lines SDL1, SDL2,..., SDLM (Step S250).
[0198] Therefore, in the sensing period, the sensing
OE signal for activating only the sensing scan lines of
the second area A2 is generated and thus, the sensing
signalis received from only the pixel circuits of the second
area A2 based on the sensing OE signal.

[0199] According to the embodiments, the sensing OE
signal for activating only the sensing scan lines of the
sensing area in the display part is generated and thus,
the sensing signal is received from only the pixel circuits
of the sensing area based on the sensing OE signal.
Therefore, a decoder for activating the sensing scan lines
of the sensing area is omitted and thus, the scan driver
is simplified.

[0200] The present inventive concept may be applied
to a display device and an electronic device having the
display device. For example, the present inventive con-
cept may be applied to a computer monitor, a laptop, a
digital camera, a cellular phone, a smart phone, a smart
pad, a television, a personal digital assistant (PDA), a
portable multimedia player (PMP), a MP3 player, a nav-
igation system, a game console, a video phone, etc.
[0201] Theforegoingis illustrative of the inventive con-
cept and is not to be construed as limiting thereof. Al-
though a few embodiments of the inventive concept have
been described, those skilled in the art will readily appre-
ciate that many modifications are possible in the embod-
iments without materially departing from the novel teach-
ings and advantages of the inventive concept. Accord-
ingly, all such modifications are intended to be included
within the scope of the inventive concept as defined in
the claims. In the claims, means-plus-function clauses
are intended to cover the structures described herein as
performing the recited function and not only structural
equivalents but also equivalent structures. Therefore, it
is to be understood that the foregoing is illustrative of the
inventive concept and is not to be construed as limited
to the specific embodiments disclosed, and that modifi-
cations to the disclosed embodiments, as well as other
embodiments, are intended to be included within the
scope of the appended claims. The inventive concept is
defined by the following claims, with equivalents of the
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claims to be included therein.

Claims

1. A display device comprising:

a display part comprising an organic light emit-
ting diode connected to a pixel circuit comprising
adriving transistor connected to the organiclight
emitting diode, a switching transistor connected
to a scan line, and a sensing transistor connect-
ed to a sensing scan line;

a signal generator configured to:

generate at least one display output enable
(OE) signal during an image display period
in which the organic light emitting diode is
configured to emit a light; and

generate at least one sensing OE signal
during a sensing period in which a sensing
signal is received from the pixel circuit; and

a scan driver comprising a display scan signal
terminal as an odd numbered output terminal
connected to the scan line and a sensing scan
signal terminal as an even numbered output ter-
minal connected to the sensing scan line,
wherein the scan driver is configured to:

generate a scan signal for turning on the
switching transistor in response to the dis-
play OE signal during the image display pe-
riod; and

generate a sensing scan signal for turning
on the sensing transistor in response to the
sensing OE signal during the sensing peri-
od.

2. Thedisplay device of claim 1, comprising a plurality
of plurality of organic light emitting diodes connected
to a corresponding plurality of pixel circuits, each pix-
el circuit comprising a respective one of a plurality
driving transistors connected to a respective one of
the organic light emitting diodes, a respective one of
a plurality of switching transistors connected to one
of a plurality of scan lines, and a respective one of
a plurality of sensing transistors connected to one of
a plurality of sensing scan lines.

3. The display device of claim 2, wherein, during the
image display period, the scan driver is configured to:

sequentially output a plurality of scan signals
having an ON voltage for sequentially turning on
the plurality of switching transistors to the plu-
rality of scan lines; and

sequentially output a plurality of sensing scan
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signals having an ON voltage for sequentially
turning on the plurality of sensing transistors to
the plurality of sensing scan lines.

4. The display device of claim 2 or 3, wherein, during

the sensing period, the scan driver is configured to:

output a plurality of scan signals having an OFF
voltage for turning off the plurality of switching
transistors to the plurality of scan lines; and
sequentially output a plurality of sensing scan
signals having the ON voltage to the plurality of
sensing scan lines.

The display device of any one of claims 2to 4, where-
in, during the sensing period, the scan driver is con-
figured to:

output a plurality of scan signals having an OFF
voltage for turning off the plurality of switching
transistors to the plurality of scan lines, and
output a sensing scan signal having the ON volt-
age to one of the plurality of sensing scan lines
corresponding to a sensing area which is preset
in the display part.

The display device of claim 5, wherein the scan driver
is configured to generate the sensing scan signal
corresponding to the sensing area based on alogical
operation resultof the plurality of sensing OE signals.

The display device of claim 5 or 6, wherein:

the sensing area is preset to include at least one
pixel row, and the sensing signal is received
from the pixel circuit in the atleast one pixel row;
and/or

a location of the sensing area in the display part
is changed every one or more frames.

The display device of any preceding claim, wherein,
in the or each pixel circuit, the switching transistor
comprises a gate electrode connected to a scan line,
a first electrode connected to a data line, and a sec-
ond electrode connected to a gate electrode of the
driving transistor,

wherein the sensing transistor comprises a gate
electrode connected to a sensing scan line, a first
electrode connected to a second electrode of the
driving transistor, and a second electrode connected
to a sensing line, and

wherein the organic light emitting diode comprises
an anode electrode connected to a second electrode
of the driving transistor.

The display device of claim 8 and claim 4, wherein,
during the image display period, the switching tran-
sistor in each pixel circuit is turned on in response

10

15

20

25

30

35

40

50

55

15

EP 3 591 645 A1

10.

1.

12.

28

to the ON voltage of one of the scan signals and a
data voltage applied to the data line is applied to a
gate electrode of the driving transistor, and
wherein, during the image display period, the sens-
ing transistor in each pixel circuit is turned on in re-
sponse to the ON voltage of one of the sensing scan
signals and an initial voltage applied to the sensing
line is applied to the anode electrode of the organic
light emitting diode.

The display device of claim 8 or 9and claim 4, where-
in during the sensing period, the switching transistor
in each pixel circuit is turned off in response to the
OFF voltage of one of the scan signals, and
wherein, during the image display period, the sens-
ing transistor in each pixel circuit is turned on in re-
sponse to the ON voltage of one of the sensing scan
signals and the sensing signal of the pixel circuit is
applied to the sensing line.

A method of driving a display device which compris-
es a display part comprising an organic light emitting
diode connected to a pixel circuit comprising a driv-
ing transistor connected to the organic light emitting
diode, a switching transistor connected to a scan
line, and a sensing transistor connected to a sensing
scan line, the method comprising:

generating at least one display output enable
(OE) signal during an image display period in
which the organic light emitting diode emits a
light;

providing a scan signal having an ON voltage
turning on the switching transistor in response
to the display OE signal to a scan line during the
image display period;

generating atleast one sensing OE signal during
a sensing period in which a sensing signal is
received from the pixel circuit; and

providing a sensing scan signal having an ON
voltage turning on the sensing transistor in re-
sponse to the sensing OE signal to a sensing
scan line during the sensing period.

The method of claim 11, wherein the display part
comprises a plurality of plurality of organic light emit-
ting diodes connected to a corresponding plurality
of pixel circuits, each pixel circuit comprising a re-
spective one of a plurality driving transistors con-
nected to a respective one of the organic light emit-
ting diodes, a respective one of a plurality of switch-
ing transistors connected to one of a plurality of scan
lines, and a respective one of a plurality of sensing
transistors connected to one of a plurality of sensing
scan lines, the method further comprising:

during the image display period, sequentially
outputting a plurality of scan signals having an
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ON voltage for sequentially turning on the plu-
rality of switching transistors to the plurality of
scan lines, and

during the image display period, sequentially
outputting a plurality of sensing scan signals
having an ON voltage for sequentially turning on
the plurality of sensing transistors to the plurality
of sensing scan lines.

The method of claim 11 or 12, wherein the display
part comprises a plurality of plurality of organic light
emitting diodes connected to a corresponding plu-
rality of pixel circuits, each pixel circuit comprising a
respective one of a plurality driving transistors con-
nected to a respective one of the organic light emit-
ting diodes, a respective one of a plurality of switch-
ing transistors connected to one of a plurality of scan
lines, and a respective one of a plurality of sensing
transistors connected to one of a plurality of sensing
scan lines, the method further comprising:

during the sensing period, outputting a plurality
of scan signals having an OFF voltage for turn-
ing off the plurality of switching transistors to the
plurality of scan lines; and

during the sensing period, sequentially output-
ting a plurality of sensing scan signals having
the ON voltage to the plurality of sensing scan
lines.

The method of any one of claims 11 to 13, wherein
the display part comprises a plurality of plurality of
organic light emitting diodes connected to a corre-
sponding plurality of pixel circuits, each pixel circuit
comprising a respective one of a plurality driving
transistors connected to a respective one of the or-
ganic light emitting diodes, a respective one of a plu-
rality of switching transistors connected to one of a
plurality of scan lines, and a respective one of a plu-
rality of sensing transistors connected to one of a
plurality of sensing scan lines, the method further
comprising:

during the sensing period, outputting a plurality
of scan signals having an OFF voltage for turn-
ing off the plurality of switching transistors to the
plurality of scan lines; and

during the sensing period, outputting a sensing
scan signal having the ON voltage to one of the
plurality of sensing scan lines corresponding to
asensing areawhichis presetinthe display part.

The method of claim 14, further comprising:

logic operating on a plurality of sensing OE sig-
nals; and

generating a sensing scan signal corresponding
to the sensing area in response to a result of the
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logic operation of the plurality of sensing OE sig-
nals.
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