US 20200118483A1

12) Patent Application Publication (o) Pub. No.: US 2020/0118488 A1

a9y United States

KIM et al,

43) Pub. Date: Apr. 16, 2020

(54) ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF DRIVING THE
SAME

(71) Applicant: Samsung Display Co., Ltd., Yongin-si
(KR)

(72) Inventors: Jiwoong KIM, Suwon-si (KR); Ohjo
KWON, Suwon-si (KR); Jeon Kyoo
KIM, Seoul (KR); Jae Keun LIM,
Suwon-si (KR)

(21) Appl. No.: 16/593,651

(22) Filed: Oct. 4, 2019

(30 Foreign Application Priority Data

Oct. 12, 2018 (KR) .orveveveveeeccees 10-2018-0121666

Publication Classification

(51) Int. CL
GO9G 3/3233 (2006.01)
HOIL 27/32 (2006.01)
GO9G 3/3291 (2006.01)
GO9G 3/3266 (2006.01)

RP GP BP

\ |/

(52) US.CL
CPC ... GO9G 3/3233 (2013.01); HOIL 27/3276
(2013.01); HOIL 27/3248 (2013.01); HOIL
27/3265 (2013.01); HOIL 27/3262 (2013.01);
G09G 2320/045 (2013.01); GO9G 3/3266
(2013.01); GO9G 2310/0278 (2013.01); GOIG
2310/0286 (2013.01); G09G 2310/08
(2013.01), GO9G 2330/12 (2013.01); GOIG
3/3291 (2013.01)

(7) ABSTRACT

An organic light emitting display device includes a display
part including a plurality of scan lines, a plurality of data
lines, a plurality of power source lines, and a plurality of
pixels each including an organic light emitting diode, a
driving transistor coupled to the organic light emitting diode
and to a power source line of the power source lines, and a
switching transistor coupled to a scan line of the scan lines
and to a data line of the data lines, and a sensing driver
configured to sample a sensing current from the power
source line while a sensing data voltage is applied to one of
the pixels, and to calculate a threshold voltage value of the
driving transistor using the sensing current in a sensing
mode.
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FIG. 1
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FIG. 3A
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FIG. 4A
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FIG. 5
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FIG. 7
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to, and the benefit
of, Korean Patent Application No. 10-2018-0121666 filed
on Oct. 12, 2018, which is hereby incorporated by reference
for all purposes as if fully set forth herein.

BACKGROUND

1. Field

[0002] Embodiments of the present disclosure relate to an
organic light emitting display device and a method of
driving the organic light emitting display device. More
particularly, embodiments of the present disclosure relate to
an organic light emitting display device for improving a
display quality and a method of driving the organic light
emitting display device.

2. Description of the Related Art

[0003] An organic light emitting display device is an
apparatus for displaying an image using an organic light
emitting diode. The characteristics of the organic light
emitting diode and of a driving transistor that supplies
current to the organic light emitting diode may be deterio-
rated by use. Accordingly, the organic light emitting display
device may not display an image having a desired luminance
due to deterioration of the organic light emitting diode or of
the driving transistor.

[0004] The organic light emitting display device applies a
reference signal to the pixels, measures the current flowing
through each of the pixels according to the reference signal,
determines deterioration of the pixel based on the measured
current, and compensates for deterioration of the pixel.
[0005] A deterioration compensation method may include
an internal compensation method using a compensation
circuit located in a pixel, and/or an external compensation
method using a compensation circuit located outside the
panel to simplify a circuit structure in a pixel.

SUMMARY

[0006] Embodiments of the present disclosure provide an
organic light emitting display device that senses a current
flowing in a power supply voltage line of a display part, and
that performs image quality compensation.

[0007] Embodiments of the present disclosure provide a
method of driving the organic light emitting display device.
[0008] According to an embodiment of the present disclo-
sure, there is provided an organic light emitting display
device including a display part including a plurality of scan
lines, a plurality of data lines, a plurality of power source
lines, and a plurality of pixels each including an organic light
emitting diode, a driving transistor coupled to the organic
light emitting diode and to a power source line of the power
source lines, and a switching transistor coupled to a scan line
of the scan lines and to a data line of the data lines, and a
sensing driver configured to sample a sensing current from
the power source line while a sensing data voltage is applied
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to one of the pixels, and to calculate a threshold voltage
value of the driving transistor using the sensing current in a
sensing mode.

[0009] The organic light emitting display device may
further include a data driver configured to respectively apply
sensing data voltages that are different from each other to the
data line in at least two periods of the sensing mode, and a
scan driver circuit configured to respectively apply a scan-on
voltage to the scan line at least two times respectively
corresponding to the at least two periods of the sensing
mode.

[0010] Ina first period of the sensing mode, a first sensing
data voltage may be applied to the data line, a first scan-on
voltage is applied to the scan line in synchronization with the
first sensing data voltage, and a power source voltage is
applied to the power source line.

[0011] In the first period, the sensing driver may be
configured to sample a first sensing current corresponding to
the first sensing data voltage from the power source line, and
to convert the first sensing current to a first current value.
[0012] In a second period of the sensing mode, a second
sensing data voltage that is different from the first sensing
data voltage may be applied to the data line, a second
scan-on voltage is applied to the scan line in synchronization
with the second sensing data voltage, and a power source
voltage is applied to the power source line.

[0013] In the second period, the sensing driver may be
configured to sample a second sensing current correspond-
ing to the second sensing data voltage from the power source
line, and to convert the second sensing current to a second
current value.

[0014] The sensing driver may be configured to calculate
a first point that includes a first gate voltage being an
x-coordinate value and the first current value being a y-co-
ordinate value, calculate a second point that includes a
second gate voltage being an x-coordinate value and the
second current value being a y-coordinate value, calculate a
slope of the first and second points, and calculate a threshold
voltage value of the driving transistor using the slope.
[0015] The organic light emitting display device may
further include a timing controller configured to calculate a
correction offset value using the threshold voltage value, and
to correct image data using the correction offset value.
[0016] The switching transistor may include a control
electrode coupled to the scan line, a first electrode coupled
to the data line, and a second electrode, and the driving
transistor may include the control electrode coupled to the
second electrode of the switching transistor, a first electrode
coupled to the power source line, and a second electrode
coupled to an anode electrode of the organic light emitting
diode.

[0017] Each of the pixels may further include a storage
capacitor connected between the control electrode of the
driving transistor and the second electrode of the driving
transistor.

[0018] The plurality of power source lines may be coupled
to each other through a common connection line formed in
a peripheral part surrounding the display part, and the
sensing driver may sample a sensing current from the
common connection line.

[0019] According to an embodiment of the present disclo-
sure, there is provided a method of driving the organic light
emitting display device that includes a scan line, a data line,
a power source line, and a pixel including an organic light
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emitting diode, a driving transistor coupled to the organic
light emitting diode and to a power source line, and a
switching transistor coupled to a scan line and to a data line,
the method including sampling a sensing current from the
power source line while a sensing data voltage is applied to
the pixel in a sensing mode, and calculating a threshold
voltage value of the driving transistor using the sensing
current in the sensing mode.

[0020] The method may further include respectively
applying sensing data voltages that are different from each
other to the data line in at least two periods of the sensing
mode, and respectively applying a scan-on voltage to the
scan line at least two times respectively corresponding to the
at least two periods of the sensing mode.

[0021] The method may further include applying a first
sensing data voltage to the data line in a first period of the
sensing mode, applying a first scan-on voltage to the scan
line in synchronization with the first sensing data voltage in
the first period, and applying a power source voltage to the
power source line in the first period.

[0022] The method may further include sampling a first
sensing current corresponding to the first sensing data volt-
age from the power source line in the first period, and
converting the first sensing current to a first current value in
the first period.

[0023] The method may further include applying a second
sensing data voltage that is different from the first sensing
data voltage to the data line in a second period of the sensing
mode, applying a second scan-on voltage to the scan line in
synchronization with the second sensing data voltage in the
second period, and applying a power source voltage is
applied to the power source line in the second period.

[0024] The method may further include sampling a second
sensing current corresponding to the second sensing data
voltage from the power source line in the second period, and
converting the second sensing current to a second current
value in the second period.

[0025] The method may further include calculating a first
point that includes a first gate voltage being an x-coordinate
value and the first current value being a y-coordinate value
in a third period of the sensing mode, calculating a second
point that includes a second gate voltage being an x-coor-
dinate value and the second current value being a y-coor-
dinate value in the third period, calculating a slope of the
first and second points in the third period, and calculating a
threshold voltage value of the driving transistor using the
slope in the third period.

[0026] The method may further include calculating a
correction offset value using the threshold voltage value, and
correcting image data using the correction offset value.

[0027] A plurality of power source lines may be coupled
to each other through a common connection line formed in
a peripheral part surrounding a display part, and the sensing
current may be sampled from the common connection line
of the organic light emitting display device.

[0028] According to the embodiments of the present dis-
closure, the power supply current flowing in the power
source line of the display part may be sensed, and the
threshold voltage for measuring the deterioration of the
transistor may be calculated using the sensed power supply
current. In addition, a high-resolution display panel may be
manufactured without adding a sensing transistor and a
sensing line to a pixel circuit.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other aspects of the present disclo-
sure will become more apparent by describing in detailed
embodiments thereof with reference to the accompanying
drawings, in which:

[0030] FIG. 1 is a plan view illustrating an organic light
emitting display device according to one embodiment;
[0031] FIG. 2 is a block diagram illustrating an organic
light emitting display device according to one embodiment;
[0032] FIGS. 3A and 3B are conceptual diagrams illus-
trating a method of driving a display part in a sensing mode
according to one embodiment;

[0033] FIGS. 4A and 4B are pixel circuit diagrams illus-
trating a method of sensing a power source current in a
sensing mode according to one embodiment;

[0034] FIG. 5is a waveform diagram illustrating a method
of sensing a power source current in a sensing mode
according to one embodiment;

[0035] FIG. 6 is a graph diagram illustrating a drain
current to a gate voltage of a transistor according to one
embodiment; and

[0036] FIG. 7 is a flowchart illustrating a method of
driving an organic light emitting display device according to
one embodiment.

DETAILED DESCRIPTION

[0037] Features of the inventive concept and methods of
accomplishing the same may be understood more readily by
reference to the detailed description of embodiments and the
accompanying drawings. Hereinafter, embodiments will be
described in more detail with reference to the accompanying
drawings. The described embodiments, however, may be
embodied in various different forms, and should not be
construed as being limited to only the illustrated embodi-
ments herein. Rather, these embodiments are provided as
examples so that this disclosure will be thorough and
complete, and will fully convey the aspects and features of
the present inventive concept to those skilled in the art.
Accordingly, processes, elements, and techniques that are
not necessary to those having ordinary skill in the art for a
complete understanding of the aspects and features of the
present inventive concept may not be described. Unless
otherwise noted, like reference numerals denote like ele-
ments throughout the attached drawings and the written
description, and thus, descriptions thereof will not be
repeated. Further, parts not related to the description of the
embodiments might not be shown to make the description
clear. In the drawings, the relative sizes of elements, layers,
and regions may be exaggerated for clarity.

[0038] Various embodiments are described herein with
reference to sectional illustrations that are schematic illus-
trations of embodiments and/or intermediate structures. As
such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Further, specific structural or
functional descriptions disclosed herein are merely illustra-
tive for the purpose of describing embodiments according to
the concept of the present disclosure. Thus, embodiments
disclosed herein should not be construed as limited to the
particular illustrated shapes of regions, but are to include
deviations in shapes that result from, for instance, manufac-
turing. For example, an implanted region illustrated as a
rectangle will, typically, have rounded or curved features
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and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implanta-
tion takes place. Thus, the regions illustrated in the drawings
are schematic in nature and their shapes are not intended to
illustrate the actual shape of a region of a device and are not
intended to be limiting. Additionally, as those skilled in the
art would realize, the described embodiments may be modi-
fied in various different ways, all without departing from the
spirit or scope of the present disclosure.

[0039] In the detailed description, for the purposes of
explanation, numerous specific details are set forth to pro-
vide a thorough understanding of various embodiments. It is
apparent, however, that various embodiments may be prac-
ticed without these specific details or with one or more
equivalent arrangements. In other instances, well-known
structures and devices are shown in block diagram form in
order to avoid unnecessarily obscuring various embodi-
ments.

[0040] 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 sections, these elements, components, regions, layers
and/or sections should not be limited by these terms. These
terms are 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 described below could be termed a
second element, component, region, layer or section, with-
out departing from the spirit and scope of the present

disclosure.
[0041] It will be understood that when an element, layer,
region, or component is referred to as being “on,” “con-
nected to,” or “coupled to” another element, layer, region, or
component, it can be directly on, connected to, or coupled to
the other element, layer, region, or component, or one or
more intervening elements, layers, regions, or components
may be present. However, “directly connected/directly
coupled” refers to one component directly connecting or
coupling another component without an intermediate com-
ponent. Meanwhile, other expressions describing relation-
ships between components such as “between,” “immediately
between” or “adjacent to” and “directly adjacent to” may be
construed similarly. In addition, it will also be understood
that when an element or layer is referred to as being
“between” two elements or layers, it can be the only element
or layer between the two elements or layers, or one or more
intervening elements or layers may also be present.

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

[0043] As used herein, the term “substantially,” “about,”
“approximately,” and similar terms are used as terms of
approximation and not as terms of degree, and are intended
to account for the inherent deviations in measured or cal-
culated values that would be recognized by those of ordinary
skill in the art. “About” or “approximately,” as used herein,
is inclusive of the stated value and means within an accept-
able range of deviation for the particular value as determined
by one of ordinary skill in the art, considering the measure-
ment in question and the error associated with measurement
of the particular quantity (i.e., the limitations of the mea-
surement system). For example, “about” may mean within
one or more standard deviations, or within £30%, 20%,
10%, 5% of the stated value. Further, the use of “may” when
describing embodiments of the present disclosure refers to
“one or more embodiments of the present disclosure.”

[0044] When a certain embodiment may be implemented
differently, a specific process order may be performed dif-
ferently from the described order. For example, two con-
secutively described processes may be performed substan-
tially at the same time or performed in an order opposite to
the described order.

[0045] The electronic or electric devices and/or any other
relevant devices or components according to embodiments
of the present disclosure described herein may be imple-
mented utilizing any suitable hardware, firmware (e.g. an
application-specific integrated circuit), software, or a com-
bination of software, firmware, and hardware. For example,
the various components of these devices may be formed on
one integrated circuit (IC) chip or on separate 1C chips.
Further, the various components of these devices may be
implemented on a flexible printed circuit film, a tape carrier
package (TCP), a printed circuit board (PCB), or formed on
one substrate. Further, the various components of these
devices may be a process or thread, running on one or more
processors, in one or more computing devices, executing
computer program instructions and interacting with other
system components for performing the various functional-
ities described herein. The computer program instructions
are stored in a memory which may be implemented in a
computing device using a standard memory device, such as,
for example, a random access memory (RAM). The com-
puter program instructions may also be stored in other
non-transitory computer readable media such as, for
example, a CD-ROM, flash drive, or the like. Also, a person
of skill in the art should recognize that the functionality of
various computing devices may be combined or integrated
into a single computing device, or the functionality of a
particular computing device may be distributed across one
or more other computing devices without departing from the
spirit and scope of the embodiments of the present disclo-
sure.

[0046] 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 the present inventive concept 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/or the present specification,
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and should not be interpreted in an idealized or overly
formal sense, unless expressly so defined herein.

[0047] FIG. 1 is a plan view illustrating an organic light
emitting display device according to one embodiment.
[0048] Referring to FIG. 1, the organic light emitting
display device may include a display panel 100, a main
driver circuit 200, and a source driver circuit 300.

[0049] The display panel 100 may include a display part
110, a peripheral part 130, and a scan driver circuit 150.
[0050] The display part 110 includes plurality of pixels P,
a plurality of scan lines SL1, SL.2, . . ., SLN; a plurality of
data lines DL1, DL2, . . ., DLM, and a plurality of power
source lines VL1, VL2, . .., VLK (wherein, N, M, and K
are natural numbers).

[0051] The scan lines SL1, SL2, . . ., SLN extend in the
row direction RD and are arranged in the column direction
CD. The data lines DL1, DL2, . . ., DLM extend in the
column direction CD and are arranged in the row direction
RD. The power source lines VL1, VL2, . . ., VLK may
extend in the column direction CD and may be arranged in
the row direction RD, as shown in FIG. 1. Alternatively, the
plurality of power source lines VL1, VL2, . . . , VLK may
extend in the row direction RD and may be arranged in
column direction CD. The plurality of power source lines
VL1, VL2, . . ., VLK may be connected to each other
through a common connection line CCL formed in the
peripheral part 130. The plurality of power source lines VL1,
VL2, . . ., VLK transfers a first power source voltage
ELVDD among the display driving voltages.

[0052] The pixels P may be arranged in a matrix form
including a plurality of pixel rows and a plurality of pixel
columns.

[0053] Each pixel P includes a pixel circuit connected to
ascan line, a data line, and a power source line, and the pixel
circuit includes an organic light emitting diode and a driving
transistor for driving the organic light emitting diode.
[0054] The peripheral part 130 may be defined as an area
surrounding the display part 110. The scan driver circuit 150
may be located in a first peripheral area PA1 of the periph-
eral part 130 that is adjacent to an end portion of (e.g., one
end of) the plurality of scan lines SL.1, SL.2, . . ., SLN. The
source driver circuit 300 may be located in a second periph-
eral area PA2 of the peripheral part 130 that is adjacent to the
end portion of the plurality of data lines DL1, DL2, . . .,
DLM.

[0055] The scan driver circuit 150 includes a shift register
connected to a plurality of scan lines SL1, SL.2, . .., SLN,
and is for sequentially outputting a scan signal to the scan
lines SL1, SL2, . . ., SLN. The scan driver circuit 150 may
include a plurality of circuit transistors directly formed in
the first peripheral area PA1 through the same manufacturing
process as the transistors included in the pixel circuit.
[0056] The main driver circuit 200 includes a circuit board
210, a timing controller 230, and a voltage generator 250.
[0057] The circuit board 210 is electrically connected to
the source driver circuit 300 located on the display panel
100.

[0058] The timing controller 230 may be located on the
circuit board 210 and may generally control a driving mode
of the organic light emitting display device.

[0059] The timing controller 230 may receive an original
control signal and image data from an external graphics
device. The timing controller 230 generates a plurality of
control signals based on the original control signal. The
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plurality of control signals may include a source control
signal for controlling the source driver circuit 300, and a
scan control signal for controlling the scan driver circuit
150. The timing controller 230 may correct the image data
using various correction algorithms, and may provide the
corrected image data to the source driver circuit 300.
[0060] The voltage generator 250 generates a plurality of
driving voltages for driving the organic light emitting dis-
play device using an external voltage. The plurality of
driving voltages include a source driving voltage for driving
the source driver circuit 300, a scan driving voltage for
driving the scan driver circuit 150, and a display driving
voltage provided to the display part 110.

[0061] The source driving voltage includes an analog
power source voltage AVDD to generate a data voltage. The
scan driving voltage includes a scan-on voltage that turns on
a switching transistor of the pixel, and a scan-off voltage that
turns off the switching transistor of the pixel. The display
drive voltage includes a first power source voltage ELVDD
of a high level, and a second power source voltage ELVSS
of a low level.

[0062] As shown in FIG. 1, the voltage generator 250
transfers the first power source voltage ELVDD to the
plurality of power source lines VL1, VL2, . . ., VLK through
the common connection line CCL.

[0063] The source driver circuit 300 includes a data driver
310 and a sensing driver 330.

[0064] The data driver 310 is connected to a plurality of
datalines DL1,DL2, ..., DLM, and converts the image data
provided from the timing controller 230 into a data voltage
(s) using a gamma voltage(s). The data driver 310 outputs
the data voltage to the plurality of data lines DL1, DL2, . .
., DLM.

[0065] When the organic light emitting display device is
driven in a sensing mode, the sensing driver 330 samples a
sensing current corresponding to the first power source
voltage ELVDD from the common voltage line CCL con-
necting the plurality of power source lines VL1, VL2, . . .,
VLK. The sensing driver 330 calculates a threshold voltage
value for measuring the deterioration of the transistor
included in the display part 110 using the sensing current.
The sensing driver 330 may provide the threshold voltage
value to the timing controller 230.

[0066] FIG. 2 is a block diagram illustrating an organic
light emitting display device according to one embodiment.
[0067] Referring to FIGS. 1 and 2, the organic light
emitting display device may include a pixel circuit PC, a
scan driver circuit 150, a data driver 310, a voltage generator
250, a sensing driver 330, and a timing controller 230.

[0068] Each of the plurality of pixels includes a pixel
circuit PC.
[0069] The pixel circuit PC includes a first transistor TR1,

a second transistor TR2, a storage capacitor CST, and an
organic light emitting diode OLED. According to one
embodiment, the pixel circuit PC may have a 2T1C structure
having two transistors and one capacitor.

[0070] The first transistor TR1 includes a control electrode
connected to an n-th scan line SLn, a first electrode con-
nected to an m-th data line DLm, and a second electrode
connected to the second transistor TR2 (wherein n and m are
natural numbers). The first transistor TR1 is a switching
transistor that switches the operation of a pixel circuit.
[0071] The second transistor TR2 includes a control elec-
trode connected to the second electrode of the first transistor
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TR1, a first electrode connected to the power source line
VLK, and a second electrode connected to an anode elec-
trode of the organic light emitting diode OLED (wherein k
is a natural number). The second transistor TR2 is a driving
transistor that drives the organic light emitting diode OLED.
[0072] The storage capacitor CST includes a first electrode
connected to the second electrode of the first transistor TR1,
and a second electrode connected to the second electrode of
the second transistor TR2.

[0073] The organic light emitting diode OLED includes an
anode electrode connected to the second electrode of the
second transistor, and a cathode electrode receiving the
second power source voltage ELVSS.

[0074] The scan driver circuit 150 provides the scan signal
Sn to the n-th scan line SLn.

[0075] The data driver 310 provides a data voltage Dm to
the m-th data line DLm.

[0076] The voltage generator 250 provides the first power
source voltage ELVDD to the common connection line
CCL. The common connection line CCL connected to a k-th
power source line VLk transfers the first power source
voltage ELVDD to the pixel circuit PC.

[0077] The sensing driver 330 may be enabled in the
sensing mode, and may be disabled in an image display
mode.

[0078] The sensing driver 330 samples the sensing current
corresponding to the first power source voltage ELVDD
applied to the common connection line CCL. The sensing
driver 330 calculates the threshold voltage value for mea-
suring the deterioration of the transistor included in the
display part 110 using the sensing current. The sensing
driver 330 provides the threshold voltage value (e.g., Vth_
OUT) to the timing controller 230.

[0079] The sensing driver 330 includes a sensing holding
part 331, an analog-to-digital converter 332, a current cal-
culator 333, and a threshold voltage calculator 334.

[0080] The sensing holding part 331 samples and holds a
sensing current corresponding to the first power source
voltage ELVDD applied to the common connection line
CCL while a sensing data voltage is applied to one pixel, or
a plurality of pixels, in the sensing mode. The sensing
holding part 331 may include an integrator and a capacitor.
[0081] For example, the sensing holding part 331 samples
and holds a first sensing current from the common connec-
tion line CCL while a first sensing data voltage is applied to
one or a plurality of pixels. Then, the sensing holding part
331 samples and holds a second sensing current from the
common connection line CCL while a second sensing data
voltage, which is different from the first sensing data volt-
age, is applied to one or a plurality of pixels.

[0082] The analog-to-digital converter 332 converts the
sampling signal provided from the sensing holding part 331
into digital data. For example, the analog-to-digital con-
verter 332 outputs first sensing data corresponding to the
first sensing current and second sensing data corresponding
to the second sensing current.

[0083] The current calculator 333 converts the sensing
data into a current value I_OUT. For example, the current
calculator 333 converts the first sensing data to a first current
value, and converts the second sensing data to a second
current value. The first current value is the current value of
the first power source voltage ELVDD corresponding to the
first sensing data voltage, and the second current value is the
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current value of the first power source voltage ELVDD
corresponding to the second sensing data voltage.

[0084] The threshold voltage calculator 334 may calculate
athreshold voltage value of the driving transistor of the pixel
circuit (i.e., the second transistor TR2) using at least two
current values.

[0085] The threshold voltage value of the transistor may
be defined using the gate voltage VG and the drain current
I, based on the characteristics of the transistor defined by the
following Equation.

Ip=K(Vo-V )

\/I_D =/K( VoVa )2

[0086] Inthe Equation above, K is a proportional constant,
1, is a drain current of the transistor, V; is a gate voltage of
the transistor, and Vth is a threshold voltage of the transistor.
[0087] The threshold voltage calculator 334 calculates at
least two points defined by at least two gate voltages, and at
least two current values corresponding to at least two
sensing data voltages. The threshold voltage calculator 334
calculates a slope of at least two points, and calculates the
threshold voltage value Vth_OUT using the slope.

[0088] The timing controller 230 calculates a correction
offset value according to the deterioration of the driving
transistor included in the display part 110 using the threshold
voltage value. The timing controller 230 applies the correc-
tion offset value to the image data to calculate the corrected
image data.

[0089] FIGS. 3A and 3B are conceptual diagrams illus-
trating a method of driving a display part in a sensing mode
according to one embodiment.

[0090] Referring to FIGS. 2 and 3A, the display part 110
may include a plurality of color pixels, for example, a red
pixel RP, a green pixel GP, and a blue pixel BP.

[0091] According to one embodiment, in the sensing
mode, a threshold voltage value may be calculated by
driving one color pixel (e.g., the red pixel RP) selected
among the plurality of pixels of the display part 110.
[0092] The scan driver circuit 150 and the data driver 310
respectively apply a first scan-on voltage and a first sensing
data voltage to the scan line and the data line connected to
the selected color pixel/red pixel RP. The sensing driver 330
samples the first sensing current corresponding to the first
sensing data voltage while the selected color pixel RP is
driven. The sensing driver 330 converts the first sensing
current into a first current value, which is a digital signal.
[0093] Then, the scan driver circuit 150 and the data driver
310 respectively apply a second scan-on voltage and a
second sensing data voltage to the scan line and data line
connected to the selected color pixel RP. The sensing driver
330 samples the second sensing current corresponding to the
second sensing data voltage while the selected color pixel
RP is driven. The sensing driver 330 converts the second
sensing current into a second current value, which is a digital
signal.

[0094] The sensing driver 330 may calculate the threshold
voltage value of the second transistor TR2 included in the
selected color pixel RP using the first and second current
values.

[0095] When the selected color pixel is a red pixel PR, the
threshold voltage value may be used to calculate a red
correction offset value for correcting the image data of the
red pixel. In the same manner, the threshold voltage value of
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the green pixel or the blue pixel is calculated, and the
threshold voltage value of the green pixel or the blue pixel
may be used to calculate the green or blue correction offset
value for correcting the image data of the green pixel or the
blue pixel, respectively.

[0096] According to one embodiment, referring to FIGS.
2 and 3B, in the sensing mode, a threshold voltage value
corresponding to pixels of at least one selected horizontal
line (e.g., an n-th horizontal line HL.n) among a plurality of
horizontal lines HL1, . . ., HLN of the display part 110 may
be calculated. For example, a threshold voltage value cor-
responding to the red pixels RP1, RP2, . . . included in the
n-th horizontal line HLn may be calculated.

[0097] The scan driver circuit 150 respectively applies a
first scan-on voltage and a first sensing data voltage to the
n-th scan line and the plurality of data lines connected to the
red pixels RP1, RP2, . . . of the selected n-th horizontal line
HLn. The red pixels RP1, RP2, . . . receive the same first
sensing data voltage. The sensing driver 330 samples a first
sensing current corresponding to the first sensing data volt-
age while the red pixels RP1, RP2, . .. of the n-th horizontal
line HLn are driven. The sensing driver 330 converts the first
sensing current into a first current value, which is a digital
signal.

[0098] The scan driver circuit 150 respectively applies a
second scan-on voltage and a second sensing data voltage to
the n-th scan line and the plurality of data lines connected to
the red pixels RP1, RP2, . . . of the selected n-th horizontal
line HLn. The red pixels RP1, RP2, . . . receive the same
second sensing data voltage. The sensing driver 330 samples
a second sensing current corresponding to the second sens-
ing data voltage while the red pixels RP1, RP2, . . . of the
n-th horizontal line HLn are driven. The sensing driver 330
converts the second sensing current into a second current
value, which is a digital signal.

[0099] The sensing driver 330 may calculate the threshold
voltage value of the red pixels RP1, RP2, . . . of the n-th
horizontal line HLn using the first and second current values.

[0100] The threshold voltage value calculated for the red
pixels RP1, RP2, . . . may be used to calculate a red
correction offset value for correcting the image data of the
red pixel. In the same manner, the threshold voltage value of
the green pixel or the blue pixel in a horizontal line is
calculated, and the calculated threshold voltage value of the
green pixel or the blue pixel may be used to calculate the
green or blue correction offset value for correcting the image
data of the green pixel or the blue pixel.

[0101] FIGS. 4A and 4B are pixel circuit diagrams illus-
trating a method of sensing a power source current in a
sensing mode according to one embodiment. FIG. 5 is a
waveform diagram illustrating a method of sensing a power
source current in a sensing mode according to one embodi-
ment. FIG. 6 is a graph diagram illustrating a drain current
to a gate voltage of a transistor according to one embodi-
ment.

[0102] Referring to FIGS. 4A and 5, in a first period T1 of
the sensing mode, the scan line SLn receives the first
scan-on voltage Snl and the data line Dm receives the first
sensing data voltage Vdatal.

[0103] The first transistor TR1 is turned on in response to
the first scan-on voltage Sn1, and the voltage corresponding
to the first sensing data voltage Vdatal is applied to the gate
electrode of the second transistor TR2. The gate electrode of
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the second transistor TR2 has a first gate voltage VGI1
corresponding to the first sensing data voltage Vdatal.
[0104] However, in response to the first gate voltage VG,
the second transistor TR2 is turned on, and a first power
source voltage ELVDD is applied to the drain electrode of
the second transistor TR2 through the power source line
VLk. The first power source current ID1 corresponding to
the first gate voltage VG1 flows from the drain electrode of
the second transistor TR2 toward the source electrode of the
second transistor TR2.

[0105] The sensing holding part 331 samples and holds the
first sensing current corresponding to the first power source
current ID1. The analog-to-digital converter 332 converts
the sampled signal into a first sensing data, which is a digital
signal. The current calculator 333 converts the first sensing
data to a first current value I1.

[0106] Referring to FIGS. 4B and 5, in a second period T2
of the sensing mode, the scan line SLn receives the second
scan-on voltage Sn2, and the data line Dm receives the
second sensing data voltage Vdata2. The second sensing
data voltage Vdata2 has a different level than the first
sensing data voltage Vdatal.

[0107] The first transistor TR1 is turned on in response to
the second scan-on voltage Sn2, and the voltage correspond-
ing to the second sensing data voltage Vdata2 is applied to
the gate electrode of the second transistor TR2. The gate
electrode of the second transistor TR2 has a second gate
voltage VG2 corresponding to the second sensing data
voltage Vdata2.

[0108] However, in response to the second gate voltage
V@2, the second transistor TR2 is turned on, and the first
power source voltage ELVDD is applied to the drain elec-
trode of the second transistor TR2 through the power source
line VLk. The second power source current ID2 correspond-
ing to the second gate voltage VG2 flows from the drain
electrode of the second transistor TR2 toward the source
electrode of the second ftransistor TR2.

[0109] The sensing holding part 331 samples and holds the
second sensing current corresponding to the second power
source current ID2. The analog-to-digital converter 332
converts the sampled signal into second sensing data, which
is a digital signal. The current calculator 333 converts the
second sensing data to a second current value 2.

[0110] However, in the first period T1 and the second
period T2 of the sensing mode, a high level of the second
power source voltage H_ELVSS may be applied to the
cathode electrode the organic light emitting diode OLED to
prevent the OLED from emitting the light by the first and
second sensing data voltage Vdatal and Vdata2. The high-
level of the second power source voltage H_ELVSS may be
preset to a level for non-emission of the organic light
emitting diode OLED.

[0111] Referring to FIG. 6, in a third period T3 of the
sensing mode, the threshold voltage calculator 334 calcu-
lates a first point PT1 and a second point PT2. The first point
PT1 includes a first gate voltage VG1 that is an x-coordinate
value, and the first current value I1 that is a y-coordinate
value. The second point PT2 includes a second gate voltage
VG2 that is the x-coordinate value, and the second current
value I2 that is the y-coordinate value. The threshold voltage
calculator 334 calculates a slope of the first and second
points. The threshold voltage calculator 334 calculates a
threshold voltage value Vth of the second transistor TR2
using the slope.
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[0112] FIG. 7 is a flowchart illustrating a method of
driving an organic light emitting display device according to
one embodiment.

[0113] The driving mode of the organic light emitting
display device includes an image display mode for display-
ing a general image, and a sensing mode for sensing
deterioration of a transistor included in the pixel circuit.

[0114] The sensing mode may occur in the power off state
of the organic light emitting display device, or may occur in
the vertical blank period of the image display mode.
[0115] Referring to FIGS. 2 and 7, in the sensing mode, a
method of sensing the degradation of a transistor included in
a pixel circuit may be described.

[0116] When the organic light emitting display device is in
the sensing mode (110), the scan driver circuit 150 provides
the first scan-on voltage Snl to the scan line SLn, and the
data driver 310 provides the first sensing data voltage
Vdatal to the data line Dm in a first period (S120). Then,
The first transistor TR1 is turned on in response to the first
scan-on voltage Snl, and a first gate voltage VGI1 corre-
sponding to the first sensing data voltage Vdatal is applied
to the gate electrode of the second transistor TR2. The first
power source current ID1 corresponding to the first gate
voltage VG1 flows from the drain electrode of the second
transistor TR2 to the source electrode of the second transis-
tor TR2.

[0117] The sensing holding part 331 samples and holds the
first sensing current corresponding to the first power source
current ID1 (S130). The analog-to-digital converter 332
converts the sampling signal into first sensing data, which is
a digital signal (S140). The current calculator 333 converts
the first sensing data to the first current value I1 (S150).

[0118] In a second period of the sensing mode, the scan
driver circuit 150 provides the second scan-on voltage Sn2
to the scan line SLn, and the data driver 310 provides the
second sensing data voltage Vdata2 to the data line Dm
(8160). The first transistor TR1 is turned on in response to
the second scan-on voltage Sn2, and a second gate voltage
VG2 corresponding to the second sensing data voltage
Vdata2 is applied to the gate electrode of the second
transistor TR2. The second power source current 1D2 cor-
responding to the second gate voltage VG2 flows from the
drain electrode of the second transistor TR2 to the source
electrode of the second transistor TR2.

[0119] The sensing holding part 331 samples and holds the
second sensing current corresponding to the second power
source current ID2 (S170). The analog-to-digital converter
332 converts the sampled signal into second sensing data,
which is a digital signal (S180). The current calculator 333
converts the second sensing data to a second current value
12 (S190).

[0120] In a third period T3 of the sensing mode, the
threshold voltage calculator 334 calculates a first point PT1
and a second point PT2. The first point PT1 includes a first
gate voltage VG1 that is an x-coordinate value and the first
current value I1 that is a y-coordinate value. The second
point PT2 includes a second gate voltage V(G2 that is the
x-coordinate value and the second current value 12 that is the
y-coordinate value. The threshold voltage calculator 334
calculates a slope of the first and second points. The thresh-
old voltage calculator 334 calculates the threshold voltage
value Vth of the second transistor TR2 using the slope
(S200).
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[0121] The timing controller 230 calculates a correction
offset value due to deterioration of the second transistor
included in the display part 110 using the threshold voltage
value, and corrects the image data using the correction offset
value (S210).

[0122] According to embodiments of the present disclo-
sure, the power supply current flowing in the power source
line of the display part may be sensed, and the threshold
voltage for measuring the deterioration of the transistor may
be calculated using the sensed power supply current. In
addition, a high-resolution display panel may be manufac-
tured without adding a sensing transistor and a sensing line
to a pixel circuit.

[0123] The present disclosure may be applied to a display
device, and to an electronic device having the display
device. For example, the present disclosure 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 navigation system, a game console, a video
phone, etc.

[0124] The foregoing is illustrative of the present disclo-
sure and is not to be construed as limiting thereof. Although
a few embodiments of the present disclosure have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the embodiments with-
out materially departing from the novel teachings and
advantages of the present disclosure. Accordingly, all such
modifications are intended to be included within the scope of
the present disclosure as defined in the claims. In the claims,
means-plus-function clauses are intended to cover the struc-
tures 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 present disclosure and is not to be con-
strued as limited to the specific embodiments disclosed, and
that modifications to the disclosed embodiments, as well as
other embodiments, are intended to be included within the
scope of the appended claims. The present disclosure is
defined by the following claims, with equivalents of the
claims to be included therein.

What is claimed is:
1. An organic light emitting display device comprising:

a display part comprising a plurality of scan lines, a
plurality of data lines, a plurality of power source lines,
and a plurality of pixels each comprising an organic
light emitting diode, a driving transistor coupled to the
organic light emitting diode and to a power source line
of the power source lines, and a switching transistor
coupled to a scan line of the scan lines and to a data line
of the data lines; and

a sensing driver configured to sample a sensing current
from the power source line while a sensing data voltage
is applied to one of the pixels, and to calculate a
threshold voltage value of the driving transistor using
the sensing current in a sensing mode.

2. The organic light emitting display device of claim 1,
farther comprising:

a data driver configured to respectively apply sensing data
voltages that are different from each other to the data
line in at least two periods of the sensing mode; and
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a scan driver circuit configured to respectively apply a
scan-on voltage to the scan line at least two times
respectively corresponding to the at least two periods of
the sensing mode.

3. The organic light emitting display device of claim 1,
wherein, in a first period of the sensing mode, a first sensing
data voltage is applied to the data line, a first scan-on voltage
is applied to the scan line in synchronization with the first
sensing data voltage, and a power source voltage is applied
to the power source line.

4. The organic light emitting display device of claim 3,
wherein, in the first period, the sensing driver is configured
to sample a first sensing current corresponding to the first
sensing data voltage from the power source line, and to
convert the first sensing current to a first current value.

5. The organic light emitting display device of claim 4,
wherein, in a second period of the sensing mode, a second
sensing data voltage that is different from the first sensing
data voltage is applied to the data line, a second scan-on
voltage is applied to the scan line in synchronization with the
second sensing data voltage, and a power source voltage is
applied to the power source line.

6. The organic light emitting display device of claim 5,
wherein, in the second period, the sensing driver is config-
ured to sample a second sensing current corresponding to the
second sensing data voltage from the power source line, and
to convert the second sensing current to a second current
value.

7. The organic light emitting display device of claim 6,
wherein the sensing driver is configured to:

calculate a first point that comprises a first gate voltage
being an x-coordinate value and the first current value
being a y-coordinate value;

calculate a second point that comprises a second gate
voltage being an x-coordinate value and the second
current value being a y-coordinate value;

calculate a slope of the first and second points; and

calculate a threshold voltage value of the driving transis-
tor using the slope.

8. The organic light emitting display device of claim 1,
further comprising a timing controller configured to calcu-
late a correction offset value using the threshold voltage
value, and to correct image data using the correction offset
value.

9. The organic light emitting display device of claim 1,
wherein the switching transistor comprises a control elec-
trode coupled to the scan line, a first electrode coupled to the
data line, and a second electrode, and

wherein the driving transistor comprises the control elec-
trode coupled to the second electrode of the switching
transistor, a first electrode coupled to the power source
line, and a second electrode coupled to an anode
electrode of the organic light emitting diode.

10. The organic light emitting display device of claim 9,
wherein each of the pixels further comprises a storage
capacitor connected between the control electrode of the
driving transistor and the second electrode of the driving
transistor.

11. The organic light emitting display device of claim 1,
wherein the plurality of power source lines are coupled to
each other through a common connection line formed in a
peripheral part surrounding the display part, and

wherein the sensing driver samples a sensing current from
the common connection line.
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12. A method of driving an organic light emitting display
device that comprises a scan line, a data line, a power source
line, and a pixel comprising an organic light emitting diode,
a driving transistor coupled to the organic light emitting
diode and to a power source line, and a switching transistor
coupled to a scan line and to a data line, the method
comprising:

sampling a sensing current from the power source line

while a sensing data voltage is applied to the pixel in a
sensing mode; and

calculating a threshold voltage value of the driving tran-

sistor using the sensing current in the sensing mode.

13. The method of claim 12, further comprising:

respectively applying sensing data voltages that are dif-

ferent from each other to the data line in at least two
periods of the sensing mode; and

respectively applying a scan-on voltage to the scan line at

least two times respectively corresponding to the at
least two periods of the sensing mode.

14. The method of claim 12, further comprising:

applying a first sensing data voltage to the data line in a

first period of the sensing mode;

applying a first scan-on voltage to the scan line in syn-

chronization with the first sensing data voltage in the
first period; and

applying a power source voltage to the power source line

in the first period.

15. The method of claim 14, further comprising:

sampling a first sensing current corresponding to the first

sensing data voltage from the power source line in the
first period; and

converting the first sensing current to a first current value

in the first period.

16. The method of claim 15, further comprising:

applying a second sensing data voltage that is different

from the first sensing data voltage to the data line in a
second period of the sensing mode;

applying a second scan-on voltage to the scan line in

synchronization with the second sensing data voltage in
the second period; and

applying a power source voltage is applied to the power

source line in the second period.

17. The method of claim 16, further comprising:

sampling a second sensing current corresponding to the

second sensing data voltage from the power source line
in the second period; and

converting the second sensing current to a second current

value in the second period.

18. The method of claim 17, further comprising:

calculating a first point that comprises a first gate voltage

being an x-coordinate value and the first current value
being a y-coordinate value in a third period of the
sensing mode;

calculating a second point that comprises a second gate

voltage being an x-coordinate value and the second
current value being a y-coordinate value in the third
period,

calculating a slope of the first and second points in the

third period; and

calculating a threshold voltage value of the driving tran-

sistor using the slope in the third period.

19. The method of claim 12, further comprising:

calculating a correction offset value using the threshold

voltage value; and

correcting image data using the correction offset value.
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20. The method of claim 12, wherein a plurality of power
source lines are coupled to each other through a common
connection line formed in a peripheral part surrounding a
display part of the organic light emitting display device, and

wherein the sensing current is sampled from the common

connection line.
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