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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND DISPLAY PANEL THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from and the benefit
wider 35 U.S.C. §119(a) of Korean Patent Application No.
10-2013-0143561, filed on Nov. 25, 2013, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] Embodiments of the present invention relate to an

organic light emitting display device and a display panel
thereof.

[0004] 2. Description of Related Art

[0005] Recently, an organic light emitting display device
has come into the spotlight. Organic light emitting display
devices may have advantages such as a fast response rate,
high light emitting efficiency. high luminance, and a wide
viewing angle. These advantages may be attributable to the
use of an organic light emitting diode, which emits light by
itself.

[0006] In such an organic light emitting display device,
pixels including organic light emitting diodes respectively are
arranged and brightness of selected pixels by a scan signal is
controlled depending on gradation of data.

[0007] Each pixel of such an organic light emitting display
device may include a data line and a gate line which intersect
each other, and transistors and a storage capacitor which are
connected to the data line and the gate line, as well as the
organic light emitting diode.

[0008] Each pixel of the organic light emitting display
device may further include a driving transistor for driving the
organic light emitting diode, where the driving transistor has
a threshold voltage as an inherent characteristic value.
[0009] The threshold voltage of the driving transistor may
vary as adriving time becomes longer. In this case, luminance
of the corresponding pixel may not be achieved at a desired
level, and/or a luminance difference between pixels may
occur, thereby degrading the image quality. Insome cases, the
luminance difference causes a shortened durability of the
corresponding driving transistor.

[0010] Accordingly, a compensation technology senses the
threshold voltage of the driving transistor of each pixel and
compensates for the threshold voltage of the driving transis-
tor.

[0011] However, with this threshold voltage compensation
technology, there is a problem in that compensation for the
threshold voltage of the driving transistor can be established
only within a predetermined range. That is, when the thresh-
old voltage of the driving transistor increases above a specific
value, or decreases below a specific value, there is a problem
in that the threshold voltage compensation technology has a
compensation limit in which the varied threshold voltage
cannot be compensated for.

[0012] Therefore, there is a problem in that the pixel com-
pensation technology may not be able to adequately compen-
sate for the threshold voltage, thereby causing the quality of
an image to degrade, and the driving transistor to be incapable
of being driven for a long time.
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SUMMARY

[0013] Embodiments of the present invention have been
made to solve the above-mentioned problems, and an aspect
of embodiments of the present invention is to provide an
organic light emitting display device and a display panel
thereof, which are capable of performing a recovery driving
for the recovery of a threshold voltage shift, the recovery
driving enabling a threshold voltage to be recovered within a
range of a compensation for the threshold voltage of the
driving transistor, when the threshold voltage of the driving
transistor is deviated and shifted from the range of the com-
pensation for the threshold voltage as a driving time of the
driving transistor increases.

[0014] Inanembodiment,an organic light emitting display
device includes a display panel including a data line and first
and second gate lines; a gate driving circuit, the first and
second gate lines electrically connected to the gate driving
circuit; a pixel defined at an intersection of the data line and
the first and second gate lines, wherein the pixel includes a
driving transistor and an organic light emitting diode, the
driving transistor configured to supply current to the organic
light emitting diode, and the driving transistor having a
threshold voltage; wherein a range of compensation for the
threshold voltage of the driving transistor has at least one of
an upper voltage limit and a lower voltage limit, the display
device configured to sense the threshold voltage of the driving
transistor; and, when the threshold voltage of the driving
transistor is outside of the range of compensation, apply a first
voltage to a first node of the driving transistor and apply a
second voltage to a second node of the driving transistor, the
display device configured to regulate the first and second
voltages so that the threshold voltage of the driving transistor
is within the range of compensation, wherein the first node
electrically connects to a gate of the driving transistor, and the
second node electrically connects to an anode or cathode of
the organic light emitting diode.

[0015] In anembodiment, a method of compensating for a
threshold voltage of a driving transistor, the driving transistor
included in a specific pixel of a plurality of pixels of an
organic light emitting display device, the threshold voltage
being a voltage capable of driving an organic light emitting
diode included in the specific pixel, includes determining that
the threshold voltage is deviated from a predetermined range
of compensation of the threshold voltage; when the display
device is to be powered off, performing recovery driving of
the threshold voltage to be within the range of compensation;
and after performing the recovery driving, applying a ground
voltage to all nodes of the driving transistor.

[0016] Another aspect of embodiments of the present
invention is to provide an organic light emitting display
device and a display panel thereof, which are capable of
continuously maintaining a threshold voltage of a driving
transistor within a range of compensation for the threshold
voltage though a driving time of the driving transistor
increases.

[0017] As described above, embodiments of the present
invention can provide an organic light emitting display device
and a display panel thereof, which are capable of performing
a recovery driving for the recovery of a threshold voltage
shift, which enables a threshold voltage to be recovered
within a range of a compensation for the threshold voltage of
the driving transistor, when the threshold voltage of the driv-
ing transistor is deviated and shifted from the range of the
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compensation for the threshold voltage as an operation time
of the driving transistor increases.

[0018] Embodiments of the present invention can provide
an organic light emitting display device and a display panel
thereof, which are capable of continuously maintaining a
threshold voltage of a driving transistor within a range of
compensation for the threshold voltage though a driving time
of the driving transistor increases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic view illustrating an organic
light emitting display according to an embodiment;

[0020] FIG. 2is a circuit diagram illustrating an equivalent
circuit for a pixel of an organic light emitting display accord-
ing to an embodiment;

[0021] FIG. 3 isa graph illustrating a positive (+) threshold
voltage shift of a driving transistor in a pixel of an organic
light emitting display according to an embodiment, and a
degradation of luminance caused by the positive threshold
voltage shift;

[0022] FIG.4isagraphillustrating a negative (-) threshold
voltage shift of a driving transistor in a pixel of an organic
light emitting display according to an embodiment, and a
degradation of luminance caused by the negative threshold
voltage shift;

[0023] FIG. 5 is a circuit diagram illustrating sensing and
compensating for a threshold voltage of a driving transistor in
a pixel of an organic light emitting display according to an
embodiment;

[0024] FIG. 6 is a graph schematically illustrating a recov-
ery driving of recovering the threshold voltage shift of the
driving transistor in the pixel of the organic light emitting
display according to an embodiment;

[0025] FIG. 7 is a graph schematically illustrating a recov-
ery driving of recovering the positive (+) threshold voltage
shift of the driving transistor in the pixel of the organic light
emitting display according to an embodiment;

[0026] FIG. 8isa graph schematically illustrating a recov-
ery driving of recovering the negative (-) threshold voltage
shift of the driving transistor in the pixel of the organic light
emitting display according to an embodiment;

[0027] FIG. 9 is an example view illustrating the threshold
voltage shift of the driving transistor for the pixels of the
organic light emitting display before the recovery driving,
according to an embodiment;

[0028] FIG. 10 is an example view illustrating a sequential
recovery driving for a recovery of the positive (+) threshold
voltage shift and a recovery of the negative (=) threshold
voltage shift in the state of the threshold voltage shift of FIG.
9,

[0029] FIG. 11 is an example view illustrating a simulta-
neous recovery driving for a recovery of the positive (+)
threshold voltage shift and a recovery of the negative (-)
threshold voltage shift in the state of the threshold voltage
shift of FIG. 9; and

[0030] FIG. 12 is a graph illustrating a recovery driving of
recovering a continuous threshold voltage shift of the driving
transistor in the pixel of the organic light emitting display
according to an embodiment.

DETAILED DESCRIPTION

[0031] Hereinafter, example embodiments of the present
invention will be described with reference to the accompany-

May 28, 2015

ing drawings. In the following description, the same or simi-
lar elements may be designated by the same or similar refer-
ence numerals, although they are shown in different
drawings. Further, in the following description, detailed
descriptions of known functions and configurations incorpo-
rated herein may be omitted when, for example, it may make
the subject matter of embodiments of the present invention
unclear or confusing.

[0032] Inaddition,terms suchas first, second, A, B, (a), (b)
or the like, may be used herein when describing components
of embodiments of the present invention. Terminologies such
as these may not used to define an essence, order sequence, or
number of a corresponding component, but may be used
merely to distinguish the corresponding component from
other component(s). If it is described in the specification that
one component is “connected,” “coupled,” or “joined” to
another component, a third component may be “connected,”
“coupled,” and “joined” between the first and second compo-
nents, although the first component may be directly con-
nected, coupled, or joined to the second component FIG. 1 is
aschematic view illustrating an organic light emitting display
device according to an embodiment. With reference to FIG. 1,
the organic light emitting display device 100 according to an
embodiment includes a display panel 110, a data driving unit
120, a first gate driving unit 130, a second gate driving unit
140, and a timing controller 150.

[0033] Data lines DL(1), DL(2), ..., DL(n) and gate lines
GL1(1), GL1(2), GL1(m) and GL2(1), GL2(2), . .., GL2(m)
are formed on the display panel 110, and a plurality of pixels
P are defined by intersections of the data lines DL(1), DL(2),
..., DL(n) and the gate lines GL1(1), GL1(2), . .., GL1(m)
and GL2(1), GL2(2), ..., GL2(m). The data driving unit 120
may supply a data voltage to the data lines DL(1), DL(2), . . .
, DL(n).

[0034] The first gate driving unit 130 may sequentially
supply a scan signal to first gate lines GL1(1), GL1(2), .. .,
GL1(m) among the gate lines GL1(1), GL1(2), . .., GL1(m)
and GL2(1), GL2(2), . . ., GL2(m). The second gate driving
unit 140 may sequentially supply a sensor signal to second
gate lines GL2(1), GL2(2), . . ., GL2(m) among the gate lines
GL1(1), GL1(2), . . ., GL1(m) and GL2(1), GL2(2), . . .,
GL2(m).

[0035] The timing controller 150 may control a driving
timing of the data driving unit 120, the first driving unit 130,
and the second gate driving unit 140. The first gate driving
unit 130 and the second driving unit 140 may be separately
implemented, and in some cases, may be implemented as one
gate driving unit.

[0036] Further, the first gate driving unit 130 may be
located at a side of the display panel 110 as shown in FIG. 1,
according to a driving manner, and may be divided into two
parts and located at both sides of the display panel 110. The
second gate driving unit 140 may be located in a similar
manner to that in the first gate driving unit.

[0037] Further, the first gate driving unit 130 and the second
gate driving unit 140 may include a plurality of gate driving
integrated circuits which may be connected to a bonding pad
of the display panel 110 in a tape automated bonding manner
or a chip on glass manner, or implemented in a gate in panel
(GIP) type so as to be directly formed on the display panel
110.

[0038] Further, the data driving unit 120 may include a
plurality of gate driving integrated circuits (hereinafter,
referred to as a source driving integrated circuit) which may
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be connected to a bonding pad of the display panel 110 in a
tape automated bonding manner or a chip on glass (COG)
manner, or implemented in a gate in panel (GIP) type so as to
be directly formed on the display panel 110.

[0039] Each pixel P may be connected to one data line DL,
two gate lines GL1 and G2, a reference voltage line (e.g.,
RVL of FIG. 2), and the like. An example structure of each
pixel P will be described in detail with reference to FIG. 2.
[0040] FIG. 2is a circuit diagram illustrating an equivalent
circuit for the pixel P of the organic light emitting display 100
according to an embodiment. With reference to FIG. 2, each
pixel P of the organic light emitting display device 100
according to an embodiment may include an organic light
emitting diode and a driving circuit for driving the organic
light emitting diode.

[0041] The driving circuit for driving the organic light
emitting diode in each pixel P may further include a driving
transistor DT for supplying electric current to the organic
light emitting diode, a first transistor T1, a second transistor
T2, and a storage capacitor Cstg. The first transistor T1 may
play a role of a switching transistor controlled according to
the scan signal and capable of controlling an application of
the data voltage to a first node N1 of the driving transistor DT
so as to turn on or off the driving transistor DT. Together with
the storage capacitor Cstg, the second transistor T2 may func-
tion as a sensing transistor for sensing a threshold voltage of
the driving transistor DT. The storage capacitor may maintain
the data voltage applied to the first node N1 of the driving
transistor DT.

[0042] A connecting relation of the three transistors DT,
T1,and T2 and the capacitor Cstg will now be described. With
continued reference to FIG. 2, the driving transistor DT may
have three nodes N1, N2, and N3 for driving the organic light
emitting diode. The first node N1 of the driving transistor DT
may be connected to the first transistor T1, the second node
N2 may be connected to an anode (or a cathode) of the organic
light emitting diode OLED, and the third node N3 may be
connected to the driving voltage line DVL through which the
driving voltage VDD is supplied.

[0043] The first transistor T1 may be controlled by the scan
signal supplied from the first gate line GL1, and may be
interposed between and connected to the data line DL and the
first node N1 of the driving transistor DT so as to apply the
data voltage Vdata supplied from the data line DL to the first
node N1 of the driving transistor DT.

[0044] The second transistor T2 may be controlled by a
sensor signal supplied from the second gate line GL.2, and
may be interposed between and connected to the second node
N2 of'the driving transistor DT and the reference voltage line
RVL through which the reference voltage Vref is supplied.
[0045] The storage capacitor Cstg may be interposed
between and connected to the first node N1 and the second
node N2 of the driving transistor DT.

[0046] According to an embodiment, the driving transistor
DT may be an N type transistor or a P type transistor. If the
driving transistor DT is an N type transistor, the first node N1
may be agatenode, the second node N2 may be a source node,
and the third node N3 may be a drain node. If the driving
transistor DT is a P type transistor, the first node N1 may bea
gate node, the second node N2 may be a drain node, and the
third node N3 may be a source node. In the description and
drawings according to example embodiments, for conve-
nience of description, the driving transistor DT and the first
and second transistors T1 and T2 connected to the driving
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transistor DT are illustrated as N type transistors. Accord-
ingly, it is described that the first node N1 of the driving
transistor DT is the gate node, the second node N2 is the
source node, and the third node N3 is the drain node.

[0047] On the other hand, the driving transistor DT of each
pixel may have a threshold voltage as an inherent character-
istic value, and the threshold voltage of the driving transistor
DT may be varied as a driving time increases. A luminance of
the corresponding pixel may not extend to a desired level, or
aluminance difference between the pixels may occur, thereby
degrading image quality and/or reducing durability of the
corresponding driving transistor DT.

[0048] Accordingly, by sensing the threshold voltage of the
driving transistor DT of each pixel, if there is a deviation of
the threshold voltage between the pixels and a difference
between the threshold of each pixel and the reference thresh-
old voltage, the threshold voltage of the driving transistor DT
of the corresponding pixel may be compensated for, and the
luminance may be maintained at the desired level.

[0049] However, there may be a limitation in which the
threshold voltage of the driving transistor DT can be compen-
sated for within a predetermined range. That is, if the thresh-
old voltage of the driving transistor DT increases above a
specific value or decreases below a specific value, the varied
threshold voltage may not be compensated for.

[0050] Thus, when the threshold voltage of the driving
transistor DT is deviated and varied from a predetermined
range, that is, the threshold voltage is shifted and deviated
from the predetermined range, it may be impossible to com-
pensate for the threshold voltage, so that the quality of the
image is degraded and the corresponding driving transistor
DT fails to be driven for a long time and has shortened
durability.

[0051] In example embodiments of the invention, if the
threshold voltage is deviated and shifted from the compensa-
tion range, it is identified, and the threshold voltage deviated
from the compensation range can be recovered to be within
the compensation range.

[0052] Hereinafter, a recovery driving of recovering the
threshold voltage deviated from the compensation range to be
within the compensation range when the threshold voltage is
deviated and shifted from the compensation range will be
described with reference to FIGS. 3 to 12.

[0053] FIGS. 3 and 4 are graphs illustrating the threshold
voltage shift in which the threshold voltage Vth of the driving
transistor DT in the pixel of the organic light emitting display
device 100 according to an embodiment increases or
decreases depending on a driving time.

[0054] Hereinafter, a threshold voltage shift in which the
threshold voltage of the driving transistor DT increases in a
positive (+) direction depending on the driving time will be
described with reference to FIG. 3, and a threshold voltage
shift in which the threshold voltage of the driving transistor
DT decreases in a negative (-) direction depending on the
driving time will be described with reference to FIG. 4.
[0055] First, several terms will be defined. With relation to
a variation direction of the threshold voltage, “(+) direction”
means a direction in which the threshold voltage increases,
and “(=) direction” refers to a direction in which the threshold
voltage decreases.

[0056] Further, a “threshold voltage shift (Vth Shift)”
means an increase or decrease of the threshold voltage. Fur-
thermore, a phenomenon in which the threshold voltage shift
is performed in the (+) direction is referred to as a (+) thresh-
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old voltage shift, and a phenomenon in which the threshold
voltage shift is performed in the (=) direction is referred to as
a (=) threshold voltage shift.

[0057] Inaddition, a range in which the threshold voltage is
compensated for is referred to as a “range of compensation for
threshold voltage.” The range of the compensation for the
threshold voltage has an upper limit value and a lower limit
value, in which the upper limit value of the range of the
compensation for the threshold voltage is referred to as a
“limit value (+) of the compensation for the threshold volt-
age”, and the lower limit value of the range of the compen-
sation for the threshold voltage is referred to as a “limit value
() of the compensation for the threshold voltage.”

[0058] The range of the compensation for the threshold
voltage may be a substantial range in which the organic light
emitting display device 100 can compensate for the threshold
voltage, and may be a range which is set to be wider or
narrower than the substantial range for an effective recovery
operation.

[0059] FIG. 3 is a graph illustrating a (+) threshold voltage
shift of a driving transistor DT in a pixel of an organic light
emitting display device 100 according to an embodiment, and
a degradation of luminance caused by the (+) threshold volt-
age shift.

[0060] Graph (A) of FIG. 3 illustrates a variation of the
threshold voltage of the driving transistor DT according to an
increase of the driving time of the driving transistor DT, in
which the threshold voltage of the driving transistor DT
increases as the driving time lengthens.

[0061] That is, the “(+) threshold voltage shift” shows that
the threshold voltage of the driving transistor DT increases as
the driving time of the driving transistor DT lengthens.
[0062] Further, the threshold voltage of the driving transis-
tor DT increases within the “range of the compensation for
the threshold voltage” for a time period 0 to T1 in which the
driving time increases. Accordingly, for the time period 0-T1,
it may be possible to compensate for the threshold voltage of
the driving transistor DT to a desired level, e.g., a level at
which a deviation from the threshold voltage of the driving
transistor of another pixel is removed or reduced, or at which
the threshold voltage becomes a reference threshold voltage.
[0063] However, when the time period 0-T1 is passed (a
time point described as T1), the threshold voltage of the driv-
ing transistor DT may deviate from the range of the compen-
sation for the threshold voltage and increases. In this event,
the threshold voltage of the driving transistor DT cannot be
compensated to the desired level.

[0064] Graph (B) of FIG. 3 illustrates a variation of the
luminance in the corresponding pixel when the threshold
voltage of the driving transistor DT is varied as shown in
Graph (A) as the driving time of the driving transistor DT
increases. Because the threshold voltage of the driving tran-
sistor DT increases within the range of the compensation for
the threshold voltage before the driving time of the driving
transistor DT reaches T1, the threshold voltage of the driving
transistor DT can be compensated for. Therefore, the lumi-
nance of the corresponding pixel may be substantially main-
tained at the desired level L1 in the corresponding pixel
before the driving time of the driving transistor DT reaches
the time point T1.

[0065] However, after the driving time T1 of the driving
transistor DT passes the time point of T1, the threshold volt-
age of the driving transistor DT may deviate from the range of
the compensation for the threshold voltage and increases.
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That is, the threshold voltage of the driving transistor DT
becomes larger than the limit value (+) of the compensation
for the threshold voltage, which is the upper limit value of the
range of the compensation for the threshold voltage.

[0066] After the time point of T1, the threshold voltage of
the driving transistor DT may not be compensated to the
desired level. Thus, an amount of electric current which the
driving transistor DT applies to the organic light emitting
diode is gradually reduced below the desired amount, and
thus the luminance of the corresponding pixel is gradually
decreased in an abnormal state such that the luminance can-
not be maintained at the desired level L1 of the corresponding
pixel.

[0067] FIG. 4 is a graph illustrating a (-) threshold voltage
shift of the driving transistor DT in the pixel of the organic
light emitting display device 100 according to an embodi-
ment, and a degradation of the luminance caused by the (-)
threshold voltage shift.

[0068] Graph (A) of FIG. 4 illustrates a variation of the
threshold voltage of the driving transistor DT according to an
increase of the driving time of the driving transistor DT, in
which the threshold voltage of the driving transistor DT
increases as the driving time lengthens.

[0069] That is, the “(-) threshold voltage shift” shows that
the threshold voltage of the driving transistor DT decreases as
the driving time of the driving transistor DT lengthens.
[0070] Further, the threshold voltage of the driving transis-
tor DT decreases within the “range of the compensation for
the threshold voltage” for a time period O to T2 in which the
driving time increases. Accordingly, for the time period 0-T2,
it may be possible to compensate for the threshold voltage of
the driving transistor DT to a desired level, e.g., a level at
which a deviation from the threshold voltage of the driving
transistor of another pixel is removed or reduced, or at which
the threshold voltage becomes a reference threshold voltage.
[0071] However, when the time period 0-T2 is passed (a
time point described as T2), the threshold voltage of the
driving transistor DT may deviate from the range of the com-
pensation for the threshold voltage and decreases. In this
event, the threshold voltage of the driving transistor DT can-
not be compensated to the desired level.

[0072] Graph (B) of FIG. 4 illustrates a variation of the
luminance in the corresponding pixel when the threshold
voltage of the driving transistor DT is varied as shown in
Graph (A) as the driving time of the driving transistor DT
increases. Because the threshold voltage of the driving tran-
sistor DT decreases within the range of the compensation for
the threshold voltage before the driving time of the driving
transistor DT reaches T2, the threshold voltage of the driving
transistor DT can be compensated for. Therefore, the lumi-
nance of the corresponding pixel may be substantially main-
tained at the desired level L2 in the corresponding pixel
before the driving time of the driving transistor DT reaches
the time point of T1.

[0073] However, after the driving time of the driving tran-
sistor DT passes the time point of T2, the threshold voltage of
the driving transistor DT may deviate from the range of the
compensation for the threshold voltage and decreases. That
is, the threshold voltage of the driving transistor DT becomes
smaller than the limit value (-) of the compensation for the
threshold voltage, which is the lower limit value of the range
of the compensation for the threshold voltage.

[0074] After the time point of T2, the threshold voltage of
the driving transistor DT may not be compensated to the



US 2015/0145845 Al

desired level. Thus, an amount of electric current which the
driving transistor DT applies to the organic light emitting
diode gradually increases over the desired amount, and thus
the luminance of the corresponding pixel is gradually
increased in an abnormal state that the luminance cannot be
maintained at the desired level L2 of the corresponding pixel.
[0075] As described with reference to FIGS. 3 and 4, in
each pixel, a phenomenon may occur in which the threshold
voltage of the driving transistor DT deviates from the range of
the compensation for the threshold voltage and increases or
decreases.

[0076] That is, in each pixel, the threshold voltage shift
(e.g., (+) threshold voltage shift or (=) threshold voltage shift)
in which the threshold voltage deviates from the compensa-
tion range may occur.

[0077] Accordingly, in an embodiment, for a pixel in which
the threshold voltage shift (the (+) threshold voltage shift or
the (-) threshold voltage shift) occurs in which the threshold
voltage deviates from the compensation limit (the range of the
compensation for the threshold voltage) among all the pixels
of the display panel 110, the recovery driving may be pet-
formed in which the threshold voltage shift deviated from the
range of the compensation for the threshold voltage is recov-
ered to be within the range of the compensation for the thresh-
old voltage.

[0078] The recovery driving to recover the threshold volt-
age shift deviated from the range of the compensation for the
threshold voltage is performed by using a result of sensing the
threshold voltage of the driving transistor DT of each pixel.

[0079] Hereinafter, a manner of sensing the threshold volt-
age of the driving transistor DT of each pixel will be described
with reference to FIG. 5, and the recovery driving for recov-
ering the threshold voltage shift deviated from the range of the
compensation for the threshold voltage will be described with
reference to FIG. 6.

[0080] FIG. 5 is a circuit diagram illustrating sensing and
compensating for the threshold voltage of the driving transis-
tor DT in the pixel of the organic light emitting display device
100 according to an embodiment.

[0081] As shown in FIG. 5, each pixel includes an organic
light emitting diode OLED, a driving transistor DT for sup-
plying electric current to the organic light emitting diode in
order to drive the organic light emitting diode, a first transistor
T1 that functions as a switching transistor which is controlled
according to the scan signal and that controls to apply a data
voltage to a first node N1 of the driving transistor DT so as to
turn on or off the driving transistor DT, a storage capacitor
Cstg that maintains the data voltage Vdata applied to the first
node N1 of the driving transistor DT for a frame, and a second
transistor DT2 that functions as a sensing transistor for apply-
ing a reference voltage Vref to a second node of the driving
transistor DT and sensing the threshold voltage of the driving
transistor DT, where the second transistor DT2 is controlled
by a sensor signal SENSE.

[0082] In the pixel structure shown in FIG. 5, in order to
sense the threshold voltage of the driving transistor DT, the
first transistor T1 is turned on by the scan signal SCAN, and
the data voltage Vdata supplied from the data integrated cir-
cuit (D-IC) 510 of the corresponding pixel is applied to the
first node N1 of the driving transistor Dt through the data line
DL.

[0083] At this time, the second transistor T2 is turned on by
the sensing signal SENSE, and the reference voltage Vref
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supplied from the voltage supplying source is thereby applied
to the second node N2 of the driving transistor DT through the
reference voltage line RVL.

[0084] That is, a constant voltage may be applied to each of
the first node N1 and the second node N2 of the driving
transistor DT, and thus, a desired electric potential difference
Vdata-Vref occurs at both ends N1 and N2 of the storage
capacitor Cstg, so that electric charges corresponding to the
desired electric potential difference are charged to the storage
capacitor Cstg.

[0085] Then, when a switch (not shown) connected to the
reference voltage line RVL is turned off, and the reference
voltage line RVL is connected to an analog digital converter
(ADC) 520 for sensing the threshold voltage, the constant
voltage Vref applied to the second node N2 of the driving
transistor DT disappears, and the voltage of the second node
N2 of the driving transistor DT is floated.

[0086] Therefore, although the constant voltage Vdata is
still applied to the first node N1 of the driving transistor DT,
the voltage ofthe second node N2 of the driving transistor DT
increases, because the constant voltage Vref'is not applied to
the second node N2.

[0087] The voltage of the second node N2 of the driving
transistor DT may increase until the difference of the electric
potential between the first node N1 and the second node N2
becomes the threshold voltage of the driving transistor DT.
[0088] At this time, the ADC 520 measures the voltage
Vdata-Vth of the second node N of the driving transistor DT,
so as to sense the threshold voltage of the driving transistor
DT. Because the data voltage Vdata is a pre-known value, the
threshold voltage Vth can be known by subtracting the mea-
sured voltage Vdata-Vth from the known data voltage Vdata.
[0089] The threshold voltage sensed according to the above
may be stored in a memory such as a non-transitory com-
puter-readable storage medium (not shown), and used in the
compensation for the threshold voltage.

[0090] With relation to the compensation for the threshold
voltage, a timing controller 150 receives a digital value of the
threshold voltage Vth known in the ADC 520, calculates a
compensation value for compensating for the threshold volt-
age by using the digital value, and transfers the calculated
compensation value or the variation of the data voltage
(Vdata'=Vdata+Vth) varied by the calculation to the data
integrated circuit 510 of the corresponding pixel.

[0091] Thus, the dataintegrated circuit 510 may convert the
data voltage Vdata into the wvaried data voltage
(Vdata'=Vdata+Vth) according to the compensation value
calculated and transferred by the timing controller 150, and
may output the varied data voltage in analog form to the data
line DL, or may output the varied data wvoltage
(Vdata'=Vdata+Vth) transferred from the timing controller
150 in analog form to the data line DL. Therefore, the thresh-
old voltage of the driving transistor DT of the corresponding
pixel is compensated.

[0092] In the process of sensing and compensating for the
threshold voltage, the threshold voltage of the driving tran-
sistor DT of all pixels in the display panel 110, or the con-
verted value informing of the threshold voltage, is stored in
the memory, and the threshold voltage or the converted value
stored in the memory may be updated at a next sensing time.
[0093] According to the process of sensing and compensat-
ing for the threshold voltage described above, when the
threshold voltage of the driving transistor DT of all pixels is
sensed, a pixel in which the threshold voltage of the driving
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transistor DT deviates from the range of compensation for the
threshold voltage is identified among all the pixels, i.e., the
pixel in which a shift of the threshold voltage deviated from
the range of the compensation for the threshold voltage is
identified, and recovery driving may be performed for the
identified pixel. The recovery driving may recover the thresh-
old voltage shift deviated from the range of the compensation
for the threshold voltage to be within the range of the com-
pensation for the threshold voltage.

[0094] The recovery driving for recovering the threshold
voltage shift deviated from the range of the compensation for
the threshold voltage to be within the range of the compen-
sation for the threshold voltage will be described with refer-
ence to FIGS. 6 to 12,

[0095] FIG. 6 is a graph schematically illustrating the
recovery driving for recovering the threshold voltage shift of
the driving transistor in the pixel of the organic light emitting
display device 100 according to an embodiment.

[0096] With reference to FIG. 6, the organic light emitting
display device 100 may further include a recovery driving
unit 600 for performing the recovery driving for a specific
pixel. For example, the recovery driving unit 600 may control
application of first and second voltages to the first node N1
and the second node N2 of the driving transistor DT of a
specific pixel so that the threshold voltage of the driving
transistor DT is within the range of compensation—particu-
larly, when the specific pixel among plural pixels P is present
in which the threshold voltage of the driving transistor DT for
driving the organic light emitting diode is deviated and shifted
from a predetermined “range of the compensation for the
threshold voltage” as a driving time increases.

[0097] Herein, the pixel in which the threshold voltage of
the driving transistor DT is deviated and shifted from the
predetermined “range of the compensation for the threshold
voltage”includes a pixel in which a (+) threshold voltage shift
deviated from the range of the compensation for the threshold
voltage (compensation limit) occurs as the threshold voltage
increases, and a pixel in which a (-) threshold voltage shift
deviated from the range of the compensation for the threshold
voltage (compensation limit) occurs as the threshold voltage
decreases.

[0098] The recovery driving unit 600 applies the first and
second voltages, which are regulated so that the threshold
voltage of the driving transistor DT is present within the range
of the compensation, through an electric power supply unit
610, to the first and second nodes N1 and N2 of the driving
transistor DT.

[0099] When a pixel in which a threshold voltage of the
driving transistor DT is deviated and shifted from the range of
the compensation for a predetermined threshold voltage is
present as a driving time increases, the recovery driving unit
600 may apply the first and second voltages to the first and
second nodes N1 and N2 of the driving transistor DT, respec-
tively.

[0100] On the other hand, the recovery driving unit 600
may further apply a third voltage, which is regulated so that
the threshold voltage of the driving transistor DT is present
within the range of the compensation for the threshold volt-
age, through an electric power supply unit 610, to a third node
N3 of the driving transistor DT.

[0101] As described above, the recovery driving unit 600
may perform the recovery driving to recover the threshold
voltage shift in which the threshold voltage of the driving
transistor DT deviated from the range of the compensation.
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The threshold voltage shift may be recovered to be within the
range of the compensation for the threshold voltage when a
power-off signal of the display panel 110 is input.

[0102] Thatis, the recovery driving unit 600 may determine
whether a specific pixel among the plural pixels of the display
panel 110, in which a threshold voltage of the driving tran-
sistor DT for driving the organic light emitting diode is devi-
ated and shifted from a predetermined range of compensa-
tion, is present as a driving time increases. If the presence of
the specific pixel is determined, the recovery driving unit 600
may perform the recovery driving for recovering the thresh-
old shift of the specific pixel when a power-off signal is input.
Then, when the threshold voltage of the driving transistor DT
of the specific pixel is recovered within the range of the
compensation, the recovery driving unit 600 may stop the
recovery driving and may control application of a ground
voltage to all nodes of the driving transistor DT of the specific
pixel through the electric power supply unit 610.

[0103] The above-mentioned recovery driving unit 600
may be included in the timing controller 150, or in a data
driver IC of the data driving unit 120. However, in other cases,
the recovery driving unit 600 may be exterior to the timing
controller 150 and the data driving unit 120.

[0104] Hereinafter, the recovery driving of recovering a (+)
threshold voltage shift will be described in detail with refer-
ence to FIG. 7, and the recovery driving of recovering a (-)
threshold voltage shift will be described in detail with refer-
ence to FIG. 8.

[0105] FIG. 7 is a graph schematically illustrating the
recovery driving of recovering the (+) threshold voltage shift
of the driving transistor DT in the pixel of the organic light
emitting display device 100 according to an embodiment.
With reference to FIG. 7, in the case that a specific pixel, in
which a threshold voltage shift deviated from the range of the
compensation for the threshold voltage occurs, is a pixel in
which the threshold voltage of the driving transistor DT is
deviated and shifted in the (+) direction from a predetermined
range of the compensation for the threshold voltage as a
driving time increases—that is, the threshold voltage
increases above the upper limit value (limit value of the
compensation for the threshold voltage) in the range of the
compensation for the threshold voltage—the recovery driv-
ing unit 600 may perform a recovery driving for recovering
the (+) threshold voltage shift(s).

[0106] On the other hand, when the threshold voltage of the
driving transistor DT of the first specific pixel decreases and
enters the range of the compensation for the threshold voltage
so as to be identical to a first predetermined reference value,
the recovery driving unit 600 stops the recovery driving for
recovering the (+) threshold voltage shift (E).

[0107] With relation to stopping the recovery driving for
recovering the (+) threshold voltage shift, the first predeter-
mined reference value may be a default value or a value set
from an average sensing value of the threshold voltage for the
plural pixels.

[0108] On the other hand, in the case that a specific pixel in
which the threshold voltage is deviated and shifted from the
range of the compensation for the threshold voltage is a first
specific pixel in which the threshold voltage of the driving
transistor DT increases and is deviated and shifted in the (+)
direction from the predetermined range of the compensation,
1.e., a (+) threshold voltage shift pixel deviated from a com-
pensation limit, the recovery driving unit 600 may control
application of a first voltage V1 and a second voltage V2
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under a condition of “negative stress” to the first node N1 and
the second node N2 of the driving transistor DT of the first
specific pixel. The recovery driving unit 600 may thereby
perform the recovery driving for the recovery of the (+)
threshold voltage shift so that the threshold voltage of the
driving transistor DT of the first specific pixel decreases and
is present within the range of the compensation, i.e., the (+)
threshold voltage shift deviated from the range of the com-
pensation for the threshold voltage is recovered.

[0109] Further, the recovery driving unit 600 may control
application of a third voltage V3 to the third node N3 of the
driving transistor DT of the first specific pixel so that the
driving transistor DT of the first specific pixel is under a
condition of negative stress.

[0110] “Negative stress” means application of voltages to
the nodes of the driving transistor DT to thereby enable the
threshold voltage of the driving transistor DT to be small.
Here, the voltages V1, V2, and V3 applied to the nodes of the
driving transistor DT are regulated voltages to enable the
threshold voltage of the driving transistor DT to be small.

[0111] In order to apply the negative stress to the driving
transistor DT, the recovery driving unit 600 may regulate the
firstand second voltages, in which the first voltage V1 applied
to the first node N1 of the driving transistor DT of the first
specific pixel is enabled to be lower than the second voltage
V2 applied to the second node N2 of the driving transistor DT
of the first specific pixel (V1<V2). The driving transistor DT
of the first specific pixel is thereby under the condition of
negative stress.

[0112] Further, the recovery driving unit 600 may control
application of the third voltage to the third node N3 of the
driving transistor of the first specific pixel, so that the driving
transistor DT is under the condition of negative stress. In this
case, the recovery driving unit 600 may regulate the first and
third voltages, in which the first voltage V1 applied to the first
node N1 of the driving transistor DT of the first specific pixel
is lower than the third voltage V3 applied to the third node N3
of the driving transistor of the first specific pixel.

[0113] FIG. 8 is a graph schematically illustrating the
recovery driving of recovering the (-) threshold voltage shift
of the driving transistor DT in the pixel of the organic light
emitting display device 100 according to an embodiment.
With reference to FIG. 8, in the case that a specific pixel is a
second specific pixel in which the threshold voltage of the
driving transistor DT driving the organic light emitting diode
decreases and is deviated and shifted in the (=) direction from
the predetermined range of the compensation as a driving
time increases, i.e., the () threshold voltage shift pixel in
which the threshold voltage deviates from the range of the
compensation, when the threshold voltage of the driving tran-
sistor DT of the second specific pixel decreases and is devi-
ated and shifted in the (+) direction from the range of the
compensation for the threshold voltage, i.e., the threshold
voltage becomes smaller than the lower limit value (limit
value (=) of the compensation for the threshold voltage) of the
range of the compensation for the threshold voltage, the
recovery driving unit 600 performs the recovery driving of
recovering the (-) threshold voltage shift (S).

[0114] On the other hand, when the threshold voltage of the
driving transistor DT of the second specific pixel increases
and enters the range of the compensation for the threshold
voltage so as to be identical to a second predetermined refer-
ence value after the recovery driving of recovering the (-)
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threshold voltage shift is started, the recovery driving unit 600
stops the recovery driving of recovering the (=) threshold
voltage shift.

[0115] With relation to stopping the recovery driving for
recovering the (-) threshold voltage shift, the second prede-
termined reference value may be a default value or a value set
from an average sensing value of the threshold voltage for the
plural pixels.

[0116] On the other hand, in the case that a specific pixel is
a second specific pixel in which the threshold voltage of the
driving transistor DT decreases and is deviated and shifted in
the (-) direction from the predetermined range of the com-
pensation as a driving time increases, i.c., a (-) threshold
voltage shift pixel deviated from a compensation limit, the
recovery driving unit 600 may control application of a first
voltage V1 and a second voltage V2 under a condition of a
“positive stress” to the first node N1 and the second node N2
of the driving transistor DT of the second specific pixel and to
perform the recovery driving for the recovery of the (-)
threshold voltage shift so that the threshold voltage of the
driving transistor DT of the second specific pixel increases
and is present within the range of the compensation, i.e., the
(=) threshold voltage shift deviated from the range of the
compensation for the threshold voltage is recovered.

[0117] Further, the recovery driving unit 600 may control
application of a third voltage V3 to the third node N3 of the
driving transistor DT of the second specific pixel so that the
driving transistor DT of the second specific pixel is under a
condition of positive stress.

[0118] “Positive stress” means application of voltages to
the nodes of the driving transistor DT to thereby enable the
threshold voltage of the corresponding driving transistor DT
to increase. Here, the voltages V1, V2, and V3 applied to the
nodes of the driving transistor DT are regulated voltages to
enable the threshold voltage of the driving transistor DT to
increase.

[0119] In order to apply the positive stress to the driving
transistor DT, the recovery driving unit 600 may regulate the
first and second voltages, in which the first voltage V1 applied
to the first node N1 of the driving transistor DT of the first
specific pixel is enabled to be higher than the second voltage
V2 applied to the second node N2 of the driving transistor DT
of the first specific pixel (V1>V2). The driving transistor DT
of the second specific pixel is thereby under the condition of
positive stress.

[0120] Further, in order to apply the positive stress to the
driving transistor DT, the recovery driving unit 600 may
regulate the first and third voltages in which the first voltage
V1 applied to the first node N1 of the driving transistor DT of
the second specific pixel becomes higher than the third volt-
age applied to the third node N3 of the driving transistor DT
of the second specific pixel (V1>V3).

[0121] On the other hand, while the negative stress is
applied to the driving transistor DT of the (+) threshold volt-
age shift pixel (first specific pixel) deviated from the range of
the compensation for the threshold voltage, or the positive
stress is applied to the driving transistor DT of the (<) thresh-
old voltage shift pixel (second specific pixel) deviated from
the range of the compensation for the threshold voltage, the
recovery driving unit 600 may control application of a voltage
under a non-stress condition to all nodes of the driving tran-
sistor DT of the pixel for which the recovery driving is unnec-
essary when the recovery driving of recovering the threshold
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voltage shift for the specific pixel (the first specific pixel
and/or the second specific pixel) is performed.

[0122] Here, the “non-stress condition” may be a case in
which the negative stress condition, the positive stress condi-
tion, or both the negative stress condition and the positive
stress condition are absent.

[0123] Hereinafter, an example of the recovery driving for
recovering the (+) threshold voltage shift and the (-) thresh-
old voltage shift when the display panel 110 includes the (+)
threshold voltage shift pixel (the first specific pixel ) in which
the threshold voltage deviates from the range of the compen-
sation for the threshold voltage, the (=) threshold voltage shift
pixel (the second specific pixel) in which the threshold volt-
age deviates from the range of the compensation for the
threshold voltage, and the normal pixel in which the threshold
voltage is not deviated from the range of the compensation for
the threshold voltage, will be described with reference to
FIGS. 9,10 and 11.

[0124] FIG. 9 is an example view illustrating the threshold
voltage shift of the driving transistor for the pixels of the
organic light emitting display device 100 before the recovery
driving, according to an embodiment.

[0125] According to the example of FIG. 9, among twenty
pixels formed on the display panel 110 before the recovery
driving unit 600 performs the recovery driving for recovering
the threshold voltage shift, two pixels marked by “(+)” cor-
respond to the (+) threshold voltage shift pixels (first specific
pixel) in which the threshold voltage deviates from the range
of the compensation for the threshold voltage (compensation
limit), two pixels marked by “(-)” correspond to the (-)
threshold voltage shift pixels (second specific pixel) in which
the threshold voltage deviates from the range of the compen-
sation for the threshold voltage (compensation limit), and
sixteen pixels marked by “P” correspond to the normal pixels
in which there is no (+) threshold voltage shift deviated from
the range of the compensation for the threshold voltage (com-
pensation limit) or (-) threshold voltage shift deviated from
the range of the compensation for the threshold voltage (com-
pensation limit). It should be appreciated that the example of
twenty pixels was selected merely for illustration purposes,
and that embodiments are not limited thereto.

[0126] Two examples in which the recovery driving unit
600 performs the recovery driving for recovering the thresh-
old voltage in the state of the threshold voltage shift of FIG. 9
before performing the recovery driving for recovering the
threshold voltage shift will be described with reference to
FIGS. 10 and 11.

[0127] FIG. 10 is an example view illustrating a sequential
recovery driving of recovering the (+) threshold voltage shift
and the (<) threshold voltage shift in the state of the threshold
voltage shift of FIG. 9.

[0128] With reference to FIG. 10, the recovery driving unit
600 may sequentially perform the (a) recovery driving for the
first specific pixel ((+) threshold voltage shift pixel deviated
and shifted from the range of the compensation for the thresh-
old voltage (compensation limit)) in which the threshold volt-
age of the driving transistor DT increases as a driving time
increases, and is deviated and shifted in the (+) direction from
the predetermined range of the compensation for the thresh-
old voltage, among the plural pixels; and (b) the recovery
driving for the second specific pixel ((-) threshold voltage
shift pixel deviated and shifted from the range of the com-
pensation for the threshold voltage (compensation limit)) in
which the threshold voltage of the driving transistor DT
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decreases as the driving time increases, and is deviated and
shifted in the (-) direction from the predetermined range of
the compensation for the threshold voltage, among the plural
pixels.

[0129] Hereinafter, an example of the recovery driving will
be described in detail.

[0130] Diagram (A) of FIG. 10 illustrates the status of
twenty pixels before the threshold voltage is sensed. Before
the threshold voltage is sensed, as shown in FIG. 9, it cannot
be known how many pixels among the twenty pixels, which
are deviated from the range of the compensation for the
threshold voltage, are present.

[0131] Diagram (B) of FIG. 10 illustrates the two pixels
corresponding to the (+) threshold voltage shift pixels devi-
ated from the range of the compensation for the threshold
voltage. With reference to diagram (B), the (+) threshold
voltage shift pixels deviated from the range of the compen-
sation for the threshold voltage (compensation limit) are
marked by “(+)”, and pixels marked by “A” are not (+) thresh-
old voltage shift pixels deviated from the range of the com-
pensation for the threshold voltage (compensation limit).

[0132] The pixels marked by “A” may be normal pixels or
may be (-) threshold voltage shift pixels deviated from the
range of the compensation for the threshold voltage (compen-
sation limit).

[0133] With reference to diagram (C) of FIG. 10, the recov-
ery driving unit 600 applies a voltage to the (+) threshold
voltage shift pixel deviated from the range of the compensa-
tion for the threshold voltage (compensation limit) so that the
corresponding driving transistor DT is subjected to negative
stress, and performs the recovery driving for recovering the
(+) threshold voltage shift.

[0134] With regard to the recovery driving, when the recov-
ery driving is performed for the two specific pixels, marked
by “+”, which are the (+) threshold voltage shift pixels devi-
ated from the range of the compensation for the threshold
voltage (compensation limit), the recovery driving unit 600
may control application of a voltage higher than the first
voltage applied to the first node of the driving transistor DT of
the first specific pixel to the first node N1 of the driving
transistor DT of the remaining pixels excluding the first spe-
cific pixel.

[0135] Accordingly, as shown indiagram (C) of FIG. 10, all
of the twenty pixels are pixels in which there is no (+) thresh-
old voltage shift deviated from the range of the compensation
for the threshold voltage (compensation limit). In this sense,
all pixels are marked by “A”. The twenty pixels marked by
“A” may include the normal pixels, and the (=) threshold
voltage shift pixels deviated from the range of the compen-
sation for the threshold voltage (compensation limit).

[0136] Diagram (D) of FIG. 10 is a view illustrating a case
where two pixels are identified as the (=) threshold voltage
shift pixels (pixels marked by “~") deviated from the range of
the compensation for the threshold voltage (compensation
limit), and the remaining pixels are identified as normal pixels
(pixels marked by “B”) according to aresult from sensing the
threshold voltage for all of twenty pixels which are pixels
without the (+) threshold voltage shift deviated from the
range of the compensation for the threshold voltage (compen-
sation limit) (a first sensing result after step A of FIG. 10, or
a new sensing result after step C of FIG. 10) as the recovery
driving for recovering the (+) threshold voltage shift is per-
formed.
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[0137] In this state of the threshold voltage shift of the
pixel, the recovery driving unit 600 applies a voltage to the (-)
threshold voltage shift pixel deviated from the range of the
compensation for the threshold voltage (compensation limit)
so that the corresponding driving transistor DT is subjected to
positive stress, and performs the recovery driving for recov-
ering the (-) threshold voltage shift.

[0138] According to the recovery driving for recovering the
(-) threshold voltage shift, as shown in diagram (E) of FIG.
10, all of the twenty pixels are pixels in which there is no (-)
threshold voltage shift deviated from the range of the com-
pensation for the threshold voltage (compensation limit). In
this sense, all pixels are marked by “B”.

[0139] At this time, when the recovery driving for the two
specific pixels which are (-) threshold voltage shift pixels
deviated from the range of the compensation for the threshold
voltage (compensation limit) is performed, the recovery driv-
ing unit 600 may control application of a voltage lower than
the first voltage applied to the first node of the driving tran-
sistor DT of the second specific pixel to the first node N1 of
the driving transistor DT of the remaining pixels excluding
the second specific pixel.

[0140] As described above, after the recovery driving for
recovering the (+) threshold voltage shift deviated from the
range of the compensation for the threshold voltage (compen-
sation limit) and the recovery driving for recovering the (-)
threshold voltage shift deviated from the range of the com-
pensation for the threshold voltage (compensation limit) are
sequentially performed, all of the twenty pixels become the
normal pixels (pixels marked by “P”) without either the (+)
threshold voltage shift or the (-) threshold voltage shift, as
shown in diagram (F) of FIG. 10.

[0141] As described above with reference to FIG. 10, on the
other hand, the recovery driving unit 600 may sequentially or
simultaneously perform the recovery driving for recovering
the (+) threshold voltage shift deviated from the range of the
compensation for the threshold voltage (compensation limit)
and the (=) threshold voltage shift deviated from the range of
the compensation for the threshold voltage (compensation
limit). The recovery driving of the recovery driving unit 600
will described with reference to FIG. 11.

[0142] FIG. 11 is an example view illustrating a simulta-
neous recovery driving for recovering the (+) threshold volt-
age shift and the (=) threshold voltage shift in the state of the
threshold voltage shift of FIG. 9.

[0143] Diagram (A) of FIG. 11 illustrates the status of
twenty pixels before the threshold voltage is sensed. Before
the threshold voltage is sensed, as shown in FIG. 9, it cannot
be known how many pixels among the twenty pixels, which
are deviated from the range of the compensation for the
threshold voltage, are present.

[0144] Diagram (B) of FIG. 11 illustrates (+) threshold
voltage shift pixels and (=) threshold voltage shift pixels,
when two pixels among the twenty pixels which are marked
by “(+)” and deviated from the range of the compensation for
the threshold voltage and two pixels which are marked by
“(=)y” and deviated from the range of the compensation for the
threshold voltage are identified after sensing the threshold
voltage.

[0145] In diagram (B), the pixel marked by “P” is not the
(+) threshold voltage shift pixel deviated from the range of the
compensation for the threshold voltage or the (=) threshold
voltage shift pixel deviated from the range of the compensa-
tion for the threshold voltage, but is the normal pixel.
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[0146] The recovery driving unit 600 may simultaneously
perform the recovery driving for (a) the first specific pixel ((+)
threshold voltage shift pixel deviated and shifted from the
range of the compensation for the threshold voltage (compen-
sation limit)) in which the threshold voltage of the driving
transistor DT increases as a driving time increases, and is
deviated and shifted in the (+) direction from the predeter-
mined range of the compensation for the threshold voltage,
among the twenty pixels, and the recovery driving for (b) the
second specific pixel ((-) threshold voltage shift pixel devi-
ated and shifted from the range of the compensation for the
threshold voltage (compensation limit)) in which the thresh-
old voltage of the driving transistor DT decreases as the
driving time increases, and is deviated and shifted in the (-)
direction from the predetermined range of the compensation
for the threshold voltage, among the twenty pixels.

[0147] Inother words, the recovery driving unit 600 applies
avoltage to the (+) threshold voltage shift pixel deviated from
the range of the compensation for the threshold voltage (com-
pensation limit) so that the corresponding driving transistor
DT is subjected to negative stress, and performs the recovery
driving for recovering the (+) threshold voltage shift, and
simultaneously applies a voltage to the (=) threshold voltage
shift pixel deviated from the range of the compensation for
the threshold voltage (compensation limit) so that the corre-
sponding driving transistor DT is subjected to positive stress,
and performs the recovery driving for recovering the (-)
threshold voltage shift pixel.

[0148] At this time, the recovery driving unit 600 may
control application of a voltage between a first voltage
applied to the first node of the driving transistor DT of the first
specific pixel and a first voltage applied to the first node of the
driving transistor DT of the second specific pixel, to the first
node N1 of the driving transistor DT of the remaining pixels
(normal pixels) excluding the (+) threshold voltage shift pixel
deviated from the range of the compensation voltage (first
specific pixel) and the (-) threshold voltage shift pixel devi-
ated from the range of the compensation voltage (second
specific pixel).

[0149] As described above, on the other hand, in the case
that one pixel is deviated and shifted in the (+) direction from
the range of the compensation for threshold voltage, when the
threshold voltage is recovered within the range of the com-
pensation for the threshold voltage after the recovery driving,
the threshold voltage shift may occur again in which the
recovered threshold voltage is deviated and shifted in the (+)
or (=) direction from the range of the compensation for the
threshold voltage. In this case, the recovery driving may have
to be performed again, thereby maintaining the threshold
voltage of the driving transistor DT of one pixel within the
range of the compensation for the threshold voltage. Accord-
ingly, it is possible to extend the normal driving time and the
durability of the organic light emitting display. The continu-
ous recovery driving for recovering the threshold voltage shift
will be described with reference to FIG. 12.

[0150] FIG. 12 is a graph schematically illustrating an
example of the continuous recovery driving for recovering the
threshold voltage shift of the driving transistor DT in the pixel
of the organic light emitting display device 100 according to
an embodiment.

[0151] With reference to FIG. 12, as an example, when the
threshold voltage of the driving transistor DT increases and is
higher than the upper limit value (a limit value (+) of the
compensation for the threshold voltage) of the range of the
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compensation for the threshold voltage, the recovery driving
(first recovery driving) for recovering the (+) threshold volt-
age shift is performed (S1). Accordingly, the threshold volt-
age is gradually reduced by the first recovery driving and
enters the range of the compensation for the threshold voltage
when the threshold voltage is lower than the upper limit value
(the limit value (+)) of the range of the compensation for the
threshold voltage. The first recovery driving is performed
until the threshold voltage decreases and reaches the first
predetermined reference value (E1).

[0152] Therefore, the threshold voltage deviated in the (+)
direction deviated from the range of the compensation for the
threshold voltage is recovered again within the range of the
compensation for the threshold voltage, thereby compensat-
ing for the threshold voltage. Accordingly, it is possible to
solve a degradation in a quality of an image in which lumi-
nance of the image is degraded.

[0153] Then, as an example, when the threshold voltage of
the identical driving transistor DT decreases and is lower than
the lower limit value (a limit value (-) of the compensation for
the threshold voltage) of the range of the compensation for the
threshold voltage, the recovery driving (second recovery driv-
ing) for recovering the (-) threshold voltage shift is per-
formed (S2). Accordingly, the threshold voltage is gradually
increased by the second recovery driving and enters the range
of the compensation for the threshold voltage when the
threshold voltage is higher than the lower limit value (the
limit value (<)) of the range of the compensation for the
threshold voltage. The second recovery driving is performed
until the threshold voltage increases and reaches the second
predetermined reference value (E2).

[0154] Therefore, the threshold voltage deviated in the (-)
direction from the range of the compensation for the thresh-
old voltage is recovered again within the range of the com-
pensation for the threshold voltage, thereby compensating for
the threshold voltage. Accordingly, it is possible to solve
degradation in a quality of an image in which luminance of
the image increases over a normal level.

[0155] Then, as an example, when the threshold voltage of
the identical driving transistor DT increases and is higher than
the upper limit value (a limit value (+) of the compensation for
the threshold voltage) of the range of the compensation for the
threshold voltage, the recovery driving (third recovery driv-
ing) for recovering the (+) threshold voltage shift is per-
formed (S3). Accordingly, the threshold voltage is gradually
reduced by the third recovery driving and enters the range of
the compensation for the threshold voltage when the thresh-
old voltage is lower than the upper limit value (the limit value
(+) ofthe compensation for the threshold voltage) of the range
of the compensation for the threshold voltage. The third
recovery driving is performed until the threshold voltage
decreases and reaches the first predetermined reference value
(E3).

[0156] Therefore, the threshold voltage deviated in the (+)
direction from the range of the compensation for the thresh-
old voltage is recovered again within the range of the com-
pensation for the threshold voltage, thereby compensating for
the threshold voltage. Accordingly, it is possible to solve
degradation in a quality of an image in which luminance of
the image is degraded.

[0157] As described above with reference to FIG. 12,
according to the embodiment, although the threshold voltage
of one driving transistor DT is changed in any level depending
on the driving time, and deviated from the range of the com-
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pensation for the threshold voltage, it is possible to continu-
ously maintain the threshold voltage in the range of the com-
pensation for the threshold voltage.
[0158] As described above, embodiments of the present
invention can provide an organic light emitting display device
and a display panel thereof, which are capable of performing
the recovery driving for recovering the threshold voltage
shift, which enables the threshold voltage to be recovered to
be within the range of the compensation for the threshold
voltage of the driving transistor, when the threshold voltage of
the driving transistor is deviated and shifted from the range of
the compensation for the threshold voltage as the driving time
of the driving transistor increases.
[0159] The present invention can provide the organic light
emitting display device 100 and the display panel 110 thereof,
which are capable of continuously maintaining the threshold
voltage of the driving transistor DT within the range of the
compensation for the threshold voltage although the driving
time of the driving transistor DT increases.
[0160] While the technical spirit of embodiments of the
present invention has been exemplarily described with refer-
ence to the accompanying drawings, it will be understood by
a person skilled in the art that embodiments of the present
invention may be varied and modified in various forms with-
out departing from the scope of the present invention. There-
fore, the embodiments disclosed are intended to illustrate the
scope of the technical idea of embodiments of the present
invention, and the scope of the present invention is not limited
by the embodiments. The scope of the present invention shall
be construed on the basis of the accompanying claims in such
a manner that all of the technical ideas included within the
scopeequivalent to the claims belong to the present invention.
What is claimed is:
1. An organic light emitting display device, comprising:
a display panel including a data line and first and second
gate lines;
a gate driving circuit, the first and second gate lines elec-
trically connected to the gate driving circuit; a pixel
defined at an intersection of the data line and the first and
second gate lines,
wherein the pixel includes a driving transistor and an
organic light emitting diode, the driving transistor con-
figured to supply current to the organic light emitting
diode, and the driving transistor having a threshold volt-
age;
wherein a range of compensation for the threshold voltage
of the driving transistor has at least one of an upper
voltage limit and a lower voltage limit,
wherein the display device is configured to
sense the threshold voltage of the driving transistor; and,
apply a first voltage to a first node of the driving transis-
tor and apply a second voltage to a second node of the
driving transistor, when the threshold voltage of the
driving transistor is outside of the range of compen-
sation, and

regulate the first and second voltages so that the thresh-
old voltage of the driving transistor is within the range
of compensation,

wherein the first node electrically connects to a gate of the
driving transistor, and the second node electrically con-
nects to an anode or cathode of the organic light emitting
diode.

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

wherein
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when the threshold voltage of the driving transistor is
above the upper voltage limit, the first voltage is lower
than the second voltage.
3. The organic light emitting display device of claim 1,
wherein
when the threshold voltage of the driving transistor is
below the lower voltage limit, the first voltage is greater
than the second voltage.
4. The organic light emitting display device of claim 1,
further comprising:
areference voltage line,

the first node of the pixel electrically connected to the data
line through a first transistor, a gate of the first transistor
electrically connected to the first gate line, and the gate
driving circuit configured to control the first transistor
through application of a scan signal to the first gate line;
and

the second node of the pixel electrically connected to the
reference voltage line through a second transistor, a gate
of the second transistor electrically connected to the
second gate line, the gate driving circuit configured to
control the second transistor through application of a
sense signal to the second gate line.

5. The organic light emitting display device of claim 4,

further comprising:

a driving voltage line configured to supply a driving volt-
age;

a storage capacitor electrically connected between the first
and second nodes; and

a third node electrically connected to the driving voltage
line,

wherein the display device is configured to

apply the scan signal to the first transistor, a data voltage
to the first node via the first transistor, the sense signal
to the second transistor, and a reference voltage to the
second node via the second transistor, a desired volt-
age thereby occurring between the first and second
nodes,

subsequently, to remove application of the reference
voltage to the second node, thereby floating the sec-
ond node, and

after floating the second node, measure the voltage of the
second node, and determine the threshold voltage of
the driving transistor to be the data voltage subtracted
by the measured voltage of the second node.

6. The organic light emitting display device of claim 5,
wherein the first node is electrically connected between the
gate of the driving transistor and one of a source or a drain of
the first transistor, the second node is electrically connected
between the anode of the organic light emitting diode and one
of a source or a drain of the driving transistor, and the third
node is electrically connected between the other of the source
or the drain of the driving transistor and the driving voltage
line.

7. The organic light emitting display device of claim 1,
wherein the range of compensation for the threshold voltage
of the driving transistor has both the upper voltage limit and
the lower voltage limit.

8. The organic light emitting display device of claim 1, the
display device further comprising:
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a plurality of the pixels;
the display device configured to further configured to
determine that a threshold voltage shift of one or more of
the plurality of the pixels is greater than an upper limit
of the range of compensation;
apply negative stress to the corresponding driving tran-
sistors of the one or more of the pixels whose thresh-
old voltage shift is greater than the upper limit of the
range of compensation;
determine that a threshold voltage shift of one or more
others of the plurality of pixels is lower than the lower
limit of the range of compensation; and
apply positive stress to the corresponding driving tran-
sistors of the one or more others of the pixels whose
threshold voltage shift is lower than the lower limit of
the range of compensation.

9. The organic light emitting display device of claim 1,
wherein the display device is configured to regulate the first
and second voltages so that the threshold voltage of the driv-
ing transistor is within the range of compensation when the
display device is to be powered off; and the display device is
configured to apply a ground voltage to all nodes of the
driving transistor after regulating the first and second volt-
ages.

10. A method of compensating for a threshold voltage ofa
driving transistor, the driving transistor included in a specific
pixel of a plurality of pixels of an organic light emitting
display device, the method comprising:

determining that the threshold voltage is deviated from a

predetermined range of compensation of the threshold
voltage;

when the display device is to be powered off, performing

recovery driving of the threshold voltage to be withinthe
range of compensation; and

after performing the recovery driving, applying a ground

voltage to all nodes of the driving transistor.

11. The method of claim 10, further comprising:

determining that a threshold voltage shift of one or more of

a plurality of the specific pixels is greater than an upper
limit of the range of compensation;

applying negative stress to the corresponding driving tran-

sistors of the one or more of the specific pixels whose
threshold voltage shift is greater than the upper limit of
the range of compensation;
determining that a threshold voltage shift of one or more
others of the plurality of specific pixels is lower than a
lower limit of the range of compensation; and

applying positive stress to the corresponding driving tran-
sistors of the one or more others of the specific pixels
whose threshold voltage shift is lower than the lower
limit of the range of compensation.

12. The method of claim 11, wherein the applying positive
stress includes applying voltages to nodes of the correspond-
ing driving transistors to enable the threshold voltages of the
corresponding driving transistors to increase; and

wherein the applying negative stress includes applying

voltages to nodes of the corresponding driving transis-
tors to enable the threshold voltages of the correspond-
ing driving transistors to decrease.

13. The method of claim 10, wherein

the display device simultaneously performs the determin-

ing that the threshold voltage shift of the one or more of
the specific pixels is greater than the upper limit of the
range of compensation, and the determining that the
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threshold voltage shift of the one or more others of the
specific pixels is lower than the lower limit of the range
of compensation; and

the display device simultaneously performs the applying
negative stress to the corresponding driving transistors
of the one or more of the specific pixels whose threshold
voltage shift is greater than the upper limit of the range
of compensation, and the applying positive stress to the
corresponding driving transistors of the one or more
others of the specific pixels whose threshold voltage
shift is lower than the lower limit of the range of com-
pensation.

14. The method of claim 10, wherein

the display device sequentially performs, in any sequence,
() the determining that the threshold voltage shift of the
one or more of the specific pixels is greater than the
upper limit of the range of compensation, (b) the apply-
ing negative stress to the corresponding driving transis-
tors of the one or more of the specific pixels whose
threshold voltage shift is greater than the upper limit of
the range of compensation, (c) the determining that the
threshold voltage shift of the one or more others of the
specific pixels is lower than the lower limit of the range
of compensation, and (d) the applying positive stress to
the corresponding driving transistors of the one or more
others of the specific pixels whose threshold voltage
shift is lower than the lower limit of the range of com-
pensation.

15. The method of claim 14, wherein (a) is performed

before (b), (b) is performed before (c), and (c) is performed
before (d).
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