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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0149901, filed on Oct. 31, 2014,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting diode (OLED) display device. More particular, the
present invention relates to an OLED display device capable
of sensing and correcting a progressive bright point defect,
and a method of driving the same.

[0004] 2. Discussion of the Related Art

[0005]  Aliquid crystal display (LCD)using a liquid crystal,
an organic light emitting diode (OLED) display device using
an OLED, an electrophoretic display (EPD) using electro-
phoretic particles, etc. have been generally used as a flat panel
display device that displays an image using digital data.
[0006] Among the above-mentioned devices, the OLED
display device is a self-emissive device that allows an organic
light emitting layer to emit light through recombination of an
electron and a positive hole. The OLED display device has a
high luminance and a low driving voltage and may be con-
figured as an ultra-thin film. Thus, the OLED display device
is expected to be used as a next generation display device.
[0007] Each of a plurality of pixels or sub-pixels included
in the OLED display device has an OLED element that
includes an organic light emitting layer between an anode and
a cathode and a pixel circuit that independently drives the
OLED element.

[0008] The pixel circuit includes a switching thin film tran-
sistor (TFT) that supplies a data voltage such that a storage
capacitor is charged with a voltage corresponding to the data
voltage, a driving TFT that controls a current based on the
voltage with which the storage capacitor is charged and sup-
plies the current to the OLED element, etc. The OLED ele-
ment generates light in proportion to the current. The current
supplied to the OLED element is affected by driving charac-
teristics such as threshold voltage (Vth), mobility, etc. of the
driving TFT.

[0009] However, the threshold voltage, the mobility, etc. of
the driving TFT differ between sub-pixels for various rea-
sons. For example, an initial threshold voltage, amobility, etc.
of the driving TFT differ between sub-pixels due to process
variation, etc., and a difference occurs between sub-pixels
due to deterioration of the driving TFT, etc. that occurs as a
driving time passes. As a result, currents of the respective
sub-pixels are non-uniform for the same data, and thus a
problem of non-uniform luminance occurs. To solve this
problem, the OLED display device uses an external compen-
sation method of compensating for data by sensing the driv-
ing characteristics of the driving TFT.

[0010] For example, the external compensation method
senses a voltage (or a current) indicating a driving character-
istic of each driving TFT, computes compensation values for
compensating for variations of a threshold voltage and a
mobility of the driving TFT based on the sensed value to store
the compensation values in a memory or update values, and
then compensates for data to be supplied to each sub-pixel
using the stored compensation values.
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[0011] TheOLED display devicehas a problem of a minute
short-circuit defect due to particles, etc. that enter during a
manufacturing process. The minute short-circuit defect is not
detected in an inspection process, etc. prior to product ship-
ping. However, when a driving time passes after product
shipping, a resistance component due to the particles gradu-
ally decreases. In this way, short-circuit is generated, which
leads to a progressive bright point defect.

[0012] Therefore, while a short-circuit defect detected in
the inspection process may be corrected to be darkened by
being repaired, the progressive bright point defect, which is
not detected in the inspection process and found with the
lapse of a driving time due to the minute short-circuit defect,
may neither be detected nor corrected.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention has been con-
ceived to solve the above-described problem, and a subject to
be solved by the present invention relates to an organic light
emitting diode (OLED) display device capable of sensing and
correcting a progressive bright point defect and a method of
driving the same.

[0014] To solve the above subject, an OLED display device
according to an embodiment of the present invention includes
a data driver for supplying an off-driving voltage to a driving
transistor for driving a light emitting element in each sub-
pixel, and sensing a voltage corresponding to a leakage cur-
rent of the driving transistor, and a bright point estimator for
estimating a progressive bright point of a sub-pixel by com-
paring a voltage value sensed through the data driver with a
reference value, and darkening and correcting the sub-pixel
estimated to have the progressive bright point.

[0015] The data driver may supply a black data voltage and
a reference voltage to first and second nodes, respectively, of
the driving transistor of the sub-pixel to supply a difference
voltage of the black data voltage and the reference voltage as
the off-driving voltage to the driving transistor.

[0016] The data driver may store the leakage current in a
capacitor connected to a reference line after the leakage cur-
rent according to the off-driving voltage of the driving tran-
sistor flows to the light emitting element during a predeter-
mined light emission period to sense a voltage stored in the
capacitor.

[0017] The bright point estimator may compare the sensed
voltage value with the black data, estimates the sub-pixel to
have the progressive bright point when the sensed voltage
value is greater than or equal to the black data, allows the
black data to be supplied to the sub-pixel estimated to have the
progressive bright point, and darkens the sub-pixel by
increasing the reference voltage according to the sensed volt-
age value.

[0018] An image processor including the bright point esti-
mator may sense a threshold voltage of the driving transistor
through the data driver, compare the sensed threshold voltage
with a predetermined minimum threshold voltage to sense a
normal bright point in which the sensed threshold voltage is
less than the minimum threshold voltage, and darken the
sub-pixel sensed to have the normal bright point by supplying
black data to the sub-pixel.

[0019] Thebright point estimator may estimate and sense a
sub-pixel expected to have the progressive bright point as a
driving time passes due to a minute short-circuit resulting
from particles between a supply line of a high-potential volt-
age and a gate node of the driving transistor.
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[0020] A method of driving an OLED display device
according to an embodiment of the present invention includes
sensing a voltage corresponding to a leakage current accord-
ing to an off-driving voltage of a driving transistor for driving
a light emitting element in each sub-pixel, estimating a pro-
gressive bright point of a sub-pixel by comparing the sensed
voltage with a reference value, and darkening and correcting
the sub-pixel expected to have the progressive bright point.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0022] FIG. 1 is an equivalent circuit diagram illustrating
an example of a sub-pixel having a progressive bright point
defect in an OLED display device according to the present
invention;

[0023] FIG. 2is a graph illustrating a change characteristic
of voltage versus current due to a minute short-circuit defect
of a driving transistor illustrated in F1G. 1,

[0024] FIG. 3is an equivalent circuit diagram illustrating a
portion of an OLED display device capable of estimating,
sensing, and correcting a progressive bright point according
to an embodiment of the present invention;

[0025] FIG. 4 is a diagram illustrating a driving waveform
for sensing a leakage current in the OLED display device
illustrated in FIG. 3;

[0026] FIGS.5A,5B,5C and 5D are diagrams successively
illustrating a leakage current sensing process of a sub-pixel
illustrated in FIG. 3;

[0027] FIGS. 6A, 6B, 7A, 7B, 8A and 8B are diagrams
illustrating simulation results obtained by sensing a leakage
current according to a resistance value of a minute short-
circuit of a driving transistor in an OLED display device
according to an embodiment of the present invention;

[0028] FIG.9is a block diagram schematically illustrating
an OLED display device according to an embodiment of the
present invention; and

[0029] FIG. 10 is a flowchart illustrating, in stages, a
method of estimating, sensing, and correcting a progressive
bright point of an OLED display device according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Prior to a description of a preferred embodiment of
the present invention, a cause of a progressive bright point
defect due to a minute short-circuit will be examined.

[0031] FIG. 1 is an equivalent circuit diagram illustrating
an example of a sub-pixel expected to have a progressive
bright point defect in an OLED display device according to
the present invention, and FIG. 2 is a graph illustrating a
change characteristic of a current with respect to a driving
voltage of a driving transistor illustrated in FIG. 1.

[0032] A sub-pixel SP illustrated in FIG. 1 includes an
OLED element and a pixel circuit that includes first and
second switching transistors ST1 and ST2, a driving transis-
tor DT, and a storage capacitor Cst to independently drive the
OLED element.
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[0033] The first switching transistor ST1 supplies a data
voltage Vdata from a data line to a gate node N1 of the driving
transistor DT according to a scan signal SC of one gate line.
[0034] The second switching transistor ST2 supplies a ref-
erence voltage Vref from a reference line RL to a source node
N2 ofthe driving transistor DT according to a sensing control
signal SE of another gate line. The second switching transis-
tor ST2 is more frequently used as a path for outputting a
current from the driving transistor DT to the reference lineRL
according to the sensing control signal SE in a sensing mode.
[0035] The storage capacitor Cst is charged with a differ-
ence voltage Vdata-Vref obtained by subtracting the refer-
ence voltage Vref supplied to the source node N2 through the
second switching transistor ST2 from the data voltage Vdata
supplied to the gate node N1 through the first switching
transistor ST1 to supply the difference voltage as a driving
voltage Vgs of the driving transistor DT.

[0036] The driving transistor DT controls a current sup-
plied from a supply line of a high-potential voltage EVDD
according to the driving voltage Vs the storage capacitor Cst
is charged with to supply a current Ids in proportion to the
driving voltage Vgs to the OLED element, thereby allowing
the OLED element to emit light.

[0037] Referring to FIG. 1, a minute short-circuit due to
particles between the gate node N1 of the driving transistor
DT and the supply line of the high-potential voltage EVDD is
indicated by a resistance component R. Initially, the minute
short-circuit due to the particles is not detected as a short-
circuit defect in an inspection process, etc. since the resis-
tance component R is great.

[0038] However, as the resistance component R of the
minute short-circuit gradually decreases with the passage ofa
driving time, the gate node N1 of the driving transistor DT
gradually increases by the high-potential voltage EVDD.
Thus, as illustrated in FIG. 2, it can be understood that a
leakage current is generated even when an off voltage (block
data voltage) less than a threshold voltage is supplied as the
driving voltage Vgs. When the OLED element emits light by
the leakage current, a progressive bright point defect recog-
nized as a bright point is generated.

[0039] To prevent the progressive bright point defect, the
present invention proposes a scheme of estimating a progres-
sive bright point due to the minute short-circuit defect by
sensing the leakage current through long-term driving of the
driving transistor DT, and darkening a sub-pixel estimated as
the progressive bright point through voltage correction.
[0040] FIG. 3 is an equivalent circuit diagram illustrating a
portion of an OLED display device capable of estimating,
sensing, and correcting a progressive bright point according
to an embodiment of the present invention.

[0041] When compared to FIG. 1, FIG. 3 additionally illus-
trates a data driver 20 and a bright point estimator 50 con-
nected to the data line DL and the reference line RL. Thus,
description of components corresponding to duplicate ele-
ments between FIG. 1 and FIG. 3 will be omitted.

[0042] The data driver 20 supplies a black data voltage
Vdata to each sub-pixel to sufficiently secure a light emitting
time due to the leakage current of the driving transistor DT,
and then senses and outputs a voltage corresponding to the
leakage current of the driving transistor DT through the ref-
erence line RL.

[0043] The data driver 20 includes a data driving unit 22
that supplies the data voltage Vdata to the data line DL, a
sensing unit 24 that senses a voltage corresponding to a cur-
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rent of the driving transistor DT through the reference line
RL, and a switch SW that supplies the reference voltage Vref
to the reference line RL.

[0044] The data driving unit 22 includes a digital-analog
converter (hereinafter, referred to as a DAC) that converts
input digital data into an analog data voltage Vdata and out-
puts the converted analog data voltage Vdata to the data line
DL, etc.

[0045] Theswitch SW is turned ON only during a reference
supply period (initialization period and light emission period)
to supply the reference voltage Vref to the reference line RL.
[0046] The sensing unit 24 includes a sample and hold unit
SH that samples and holds a voltage sensed through the
reference line RL, an analog-digital converter (hereinafter,
referred to as an ADC) that converts a sensing voltage from
the SH into digital data and outputs the converted digital data
to the bright point estimator 50, etc. The sample and hold unit
SH includes a sampling switch SA and a capacitor Ch. The
sampling switch SA samples a sensing voltage corresponding
to the leakage current of the driving transistor DT through the
reference line RL and stores the sensing voltage in the capaci-
tor Ch, and the capacitor Ch supplies the stored sensing
voltage to the ADC.

[0047] The bright point estimator 50 estimates whether a
sub-pixel has a progressive bright point defect using a sensing
value from the data driver 20 in a sensing mode, corrects the
data voltage Vdata and the reference voltage Vref to be sup-
plied to the sub-pixel such that a sub-pixel estimated to have
the progressive bright point defect in a display mode is dark-
ened, and supplies the corrected values to the data driver 20.
A detailed description thereof will be provided below.
[0048] The OLED display device illustrated in FIG. 3 is in
aleakage current sensing mode in which a leakage current of
a sub-pixel is sensed as in FIGS. 4 and 5A-5D such that a
progressive bright point due to a minute short-circuit is esti-
mated.

[0049] FIG. 4 is a diagram illustrating a driving waveform
of the OLED display device illustrated in FIG. 3 in the leak-
age current sensing mode, and FIGS. 5A to 5D are diagrams
successively illustrating a leakage current sensing process of
the sub-pixel illustrated in FIG. 3.

[0050] The leakage current sensing mode includes an ini-
tialization period (FIG. 5A), a light emission period (FIG.
5B), and a sensing period (FIGS. 5C and 5D).

[0051] Referring to FIGS. 4 and 5A, in the initialization
period, the data driver 20 (FIG. 3) supplies a block data
voltage Vblack to the data line DL, and supplies a reference
voltage Vref corresponding to an initialization voltage to the
reference line RL. The first switching transistor ST1 is turned
ON in response to a gate-on voltage Von of the scan signal SC
to supply the block data voltage Vblack to the gate node N1 of
the driving transistor DT, and the second switching transistor
ST2 is turned ON in response to a gate-on voltage Von of the
sensing control signal SE to supply the reference voltage Vref
to the source node N2 of the driving transistor DT. In this way,
the storage capacitor Cst is charged with a difference voltage
Vblack-Vref obtained by subtracting the reference voltage
Vref from the black data voltage Vblack. The difference
voltage Vblack-Vref is less than a threshold voltage Vth of
the driving transistor DT. In the initialization period illus-
trated in FIG. 4, a period in which the second switching
transistor ST2 is turned ON by the sensing control signal SE
may be longer than a period in which the first switching
transistor ST1 is turned ON by the scan signal SC.
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[0052] Referring to FIGS. 4 and 5B, in the light emission
period, the first switching transistor ST1 is turned OFF in
response to a gate-off voltage Voff of the scan signal SC, the
second switching transistor ST2 is turned OFF in response to
a gate-off voltage Voff of the sensing control signal SE, and
the reference line RL maintains the reference voltage Vref
supplied from the data driver 20. The driving voltage Vgs
(=Vblack-Vref) stored in the storage capacitor Cst is less
than the threshold voltage Vth of the driving transistor DT.
Thus, when the sub-pixel is in a normal state, the driving
transistor DT is turned OFF, and the OLED element does not
emit light. However, when the sub-pixel has a minute short-
circuit defect due to particles between the supply line of the
high-potential voltage EVDD and the gate node N1 of the
driving transistor DT, the resistance component R of the
minute short-circuit gradually decreases over time during the
emission period. As a result, a voltage of the gate node N1 of
the driving transistor DT increases due to the high-potential
voltage EVDD, which leads to increase in the driving voltage
Vgs of the driving transistor DT. In this way, the leakage
current increases and thus the OLED element emit lights. The
light emission period is set to a sufficiently long period which
is longer than or equal to 50 msec in order to sense the leakage
current due to the minute short-circuit.

[0053] Referring to FIGS. 4 and 5C, in the sensing period,
the switch SW that supplies the reference voltage Vref from
the data driver 20 (FIG. 3) is turned OFF in response to the
gate-off voltage Voff, and the reference line RL floats. The
second switching transistor ST2 is turned ON in response to
the gate-on voltage Von of the sensing control signal SE to
supply the leakage current of the driving transistor DT to the
reference line RL. In this way, a parasitic capacitor Cref of the
reference line RL is charged with a sensing voltage corre-
sponding to the leakage current of the driving transistor DT,
that is, a voltage of the source node N2 of the driving transis-
tor DT.

[0054] Referring to FIGS. 4 and 5D, in the sampling period
corresponding to a latter half of the sensing period, in
response to the sampling switch SA of the data driver 20
illustrated in FIG. 3 being turned ON by the gate-on voltage
Von, the SH samples and holds the sensing voltage stored in
the reference line RL and supplies the stored sensing voltage
to the ADC, and the ADC converts the sensing voltage into a
digital sensing value and supplies the digital sensing value to
the bright point estimator 50.

[0055] The bright point estimator 50 illustrated in FIG. 3
compares the sensing value from the data driver 20 with the
black data value supplied to the data driver 20. The bright
point estimator 50 estimates the sub-pixel to have a progres-
sive bright point defect when the sensing value is greater than
or equal to the black data value, and estimates the sub-pixel to
be a normal sub-pixel when the sensing value is less than the
black data value.

[0056] The bright point estimator 50 darkens the sub-pixel
estimated to have the progressive bright point defect in the
display modeby correcting data and a reference voltage Vrefl
to be supplied to the sub-pixel.

[0057] Specifically, the bright point estimator 50 corrects
data of the sub-pixel estimated to have the progressive bright
point defect to black data and supplies the black data to the
data driver 20 such that the data driver 20 allows the black
data voltage Vblack to be supplied to the sub-pixel. Further,
the bright point estimator 50 corrects the reference voltage
Vref to be supplied to the sub-pixel estimated to have the
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progressive bright point defect to a high value such that a
corrected reference voltage Vref is supplied to the sub-pixel
through the data driver 20. The bright point estimator 50 may
increase the reference voltage Vref according to the sensing
value.

[0058] In this way, in the display mode, a driving voltage
Vgs (=Vblack-Vref <Vth) less than the threshold voltage Vth
is supplied to the driving transistor DT of the sub-pixel at all
times. Thus, the driving transistor DT is turned OFF, thereby
darkening the sub-pixel. In addition, even when a voltage of
the gate node N1 of the driving transistor DT increases as the
resistance component R of the minute short-circuit gradually
decreases, the driving voltage Vgs (=Vblack-Vref'<Vth) less
than the threshold voltage Vth is supplied to the driving
transistor DT of the sub-pixel at all times due to the corrected
reference voltage Vref', and thus the driving transistor DT is
turned OFF. In this way, the sub-pixel maintains a darkened
state.

[0059] Therefore, the OLED display device according to
the present invention may estimate a progressive bright point
resulting from a minute short-circuit defect by sensing a
leakage current through a long-term driving of the driving
transistor DT, and darken a sub-pixel estimated to have the
progressive bright point, thereby preventing a progressive
bright point defect.

[0060] FIGS. 6A, 6B, 7A, 7B, 8A and 8B are diagrams
illustrating simulation results obtained by sensing a leakage
current of a driving transistor DT in an OLED display device
according to an embodiment of the present invention.

[0061] When a resistance R of the minute short-circuit
illustrated in FIG. 3 is 10 G, FIG. 6A illustrates a result of
sensing a voltage of the gate node N1 of the driving transistor
DT, avoltage of the source node N2, a voltage of the reference
line RL, and a current Ioled of the OLED element, and FIG.
6B illustrates a change characteristic of a current with respect
to the driving voltage Vgs of the driving transistor DT.

[0062] Referring to FIG. 6A, it can be understood that, in a
light emission period, the voltage of the gate node N1 of the
driving transistor DT increases due to the component R of the
minute short-circuit, and the voltage of the source node N2
and the OLED current loled increase due to the leakage
current of the driving transistor DT resulting from increase in
the voltage of the gate node N1, and thus the OLED element
emits light in an abnormal manner. In addition, it can be
understood that, in a sensing period after the light emission
period, the voltage of the reference line RI. increases accord-
ing to the voltage of the source node N2 increased by the
leakage current of the driving transistor DT. Therefore, it is
possible to sense a voltage corresponding to the leakage cur-
rent of the driving transistor DT through the reference line
RL.

[0063] Referring to FIG. 6B, it can be understood that a
sub-pixel having a minute short-circuit resistance R of 10 G
due to particles has a progressive bright point defect since a
leakage current of a driving transistor DT greatly increases
beyond a permitted range in an off region in which a driving
voltage Vgs is less than a threshold voltage.

[0064] When a resistance R of the minute short-circuit
illustrated in FIG. 3 is 100 G, which is ten times that of FIGS.
6A and 6B, FIG. 7A illustrates a result of sensing a voltage of
the gate node N1 of the driving transistor DT, a voltage of the
source node N2, a voltage of the reference line RL, and a
current Ioled of the OLED element, and FIG. 7B illustrates a
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change characteristic of a current with respect to the driving
voltage Vgs of the driving transistor DT.

[0065] Referring to FIG. 74, it can be understood that, in a
light emission period, the voltage of the gate node N1 of the
driving transistor DT gradually increases due to the compo-
nent R of the minute short-circuit, and the voltage of the
source node N2 and the OLED current loled gradually
increase due to the leakage current of the driving transistor
DT resulting from the increase in the voltage of the gate node
N1, and thus the OLED element emits light in an abnormal
manner. In addition, it can be understood that, in a sensing
period after the light emission period, the voltage of the
reference line RL increases according to the voltage of the
source node N2 increased by the leakage current of the driv-
ing transistor DT. Therefore, it is possible to sense a voltage
corresponding to the leakage current of the driving transistor
DT through the reference line RL..

[0066] Referring to FIG. 7B, it can be understood that a
sub-pixel having a minute short-circuit resistance R of 100 G
due to particles has a progressive bright point defect since a
leakage current of a driving transistor DT greatly increases
beyond a permitted range in an off region.

[0067] When a resistance R of the minute short-circuit
illustrated in FIG. 3 1s 1000 G, which is ten times that of FIGS.
7A and 7B, FIG. 8A illustrates a result of sensing a voltage of
the gate node N1 of the driving transistor DT, a voltage of the
source node N2, a voltage of the reference line RL, and a
current Ioled of the OLED element, and FI1G. 8B illustrates a
change characteristic of a current with respect to the driving
voltage Vgs of the driving transistor DT.

[0068] Referring to FIG. 8A, ifthe resistance component R
is 1000 G, which is a large value, it can be understood that the
voltage of the gate node N1 of the driving transistor DT, the
voltage of the source node N2, the voltage of the reference
line RL, and the OLED current Ioled do not significantly
increase even when a driving time passes.

[0069] Referring to FIG. 8B, it can be understood that a
sub-pixel having a great resistance R of 1000 G is in a normal
state in which a leakage current in an off region of a driving
transistor DT is within a permitted range.

[0070] FIG. 9 schematically illustrates an OLED display
device according to an embodiment of the present invention.
[0071] The OLED display device illustrated in FIG. 9
includes a timing controller 10 having a control signal gen-
erator 100 and an image processor 200, a memory M, a data
driver 20, a gate driver 30, and a display panel 40. Here, the
image processor 200 and the data driver 20 may be expressed
as a data processor.

[0072] Theimage processor 200 may be incorporated in the
timing controller 10 as illustrated in FIG. 9 and configured as
one integrated circuit (IC), or configured as a separate IC by
being separated from the timing controller 10 although not
illustrated. In this case, the timing controller 10 may be con-
nected between the image processor 200 and the data driver
20. Hereinafter, a description will be given of a case in which
the timing controller 10 includes the image processor 200 as
an example.

[0073] The memory M stores compensation information
configured according to a characteristic of each sub-pixel for
auniform current of each sub-pixel. The compensation infor-
mation includes a threshold voltage compensation value for
compensating for a threshold voltage Vth of a driving tran-
sistor DT of each sub-pixel and a mobility compensation
value for compensating for a mobility variation of a driving
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transistor DT. The compensation information is configured in
advance based on a sensing value which is obtained by sens-
ing a threshold voltage and a mobility corresponding to driv-
ing characteristics of each sub-pixel before product shipping
and stored in the memory M. After product shipping, the
compensation information stored in the memory Mis updated
by sensing a characteristic of each sub-pixel again through a
sensing mode in each desired driving time. The compensation
information stored in the memory M may be updated by
executing the sensing mode in each desired time correspond-
ing to at least one of a boot time when power is turned ON, an
ending time when power is turned OFF, a blanking period of
each frame, etc.

[0074] For example, mobility is greatly affected by tem-
perature, light, etc. which are external environment condi-
tions, and thus may be sensed in each period corresponding to
at least one of the boot time when power is turned ON and the
blanking period of each frame such that the mobility com-
pensation value stored in the memory M may be updated. The
threshold voltage may be sensed in each period correspond-
ing to at least one of the blanking period of each frame and
ending time when power is turned OFF such that the threshold
voltage compensation value stored in the memory M may be
updated.

[0075] In the timing controller 10, the control signal gen-
erator 100 generates a data control signal and a gate control
signal that control driving time of the data driver 20 and the
gate driver 30 using a plurality of timing signals input to an
external system (not illustrated), and outputs the generated
signals to the data driver 20 and the gate driver 30. For
example, the control signal generator 100 generates and out-
puts a plurality of data control signals including a source start
pulse, a source shift clock, a source output enable signal, etc.
that control driving timing of the data driver 20 and a plurality
of gate control signals including a gate start pulse, a gate shift
clock, etc. that control driving timing of the gate driver 30
using a plurality of timing signals such as a clock signal, a
data enable signal, a horizontal synchronization signal, a
vertical synchronization signal, etc. from the external system.
[0076] Inthe timing controller 10, the image processor 200
compensates for image data input from the external system
using the compensation information of the memory M, and
outputs the compensated data to the data driver 20. The image
processor 200 processes sensing information of each sub-
pixel sensed through the data driver 20 according to a prede-
termined operation to convert the sensing information into
compensation information, and updates the compensation
information of the memory M.

[0077] In addition, the image processor 200 determines a
peak luminance according to an image of each frame using
input image data and calculates a total current. In addition, the
image processor 200 determines a high-potential voltage
according to the peak luminance and the total current and
supplies the determined high-potential voltage to the data
driver 20. In this way, power consumption is reduced.
[0078] Inaddition, inresponse to R/G/B data being input as
image data from the external system, the image processor 200
may convert the R/G/B data into R'/G'/B'/W data through a
predetermined operation and use the converted data for the
above-described image processing. For example, the image
processor 200 may generate a minimum gray level (or a
common gray level) of the R/G/B data as W data according to
a predetermined operation, and generates remaining R'/G'/B'
data by subtracting each of the W data and the R/G/B data.
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[0079] 1Inaddition, the image processor 200 may compare a
threshold voltage of a driving transistor DT sensed from each
sub-pixel in a desired sensing mode with a minimum thresh-
old voltage to sense a normal bright point defect in which the
sensed threshold value is less than the minimum threshold
voltage, and darken a sub-pixel sensed to have the normal
bright point defect by supplying block data in the display
mode.

[0080] In particular, the image processor 200 may include
the bright point estimator 50 illustrated in FIG. 3 to estimate
a progressive bright point due to a minute short-circuit by
sensing a leakage current of a driving transistor DT of each
sub-pixel in a desired sensing mode, and darken a sub-pixel
estimated as the progressive bright point by supplying black
data and correcting a reference voltage in a display mode,
thereby preventing a progressive bright point defect.

[0081] Forexample, normal bright point defect sensing and
progressive bright point defect estimation and sensing of the
image processor 200 may be executed in a sensing mode ofa
power-off state in which a threshold voltage of each driving
transistor DT is sensed and updated. However, the present
invention is not limited thereto.

[0082] The data driver 20 converts data supplied from the
timing controller 10 into an analog data signal and supplies
the converted signal to the display panel 40 using a data
control signal supplied from the timing controller 10 in the
display mode and the sensing mode. The data driver 20 con-
verts digital data into an analog data voltage using a gamma
voltage set from an integrated gamma voltage generator (not
illustrated).

[0083] In addition, the data driver 20 converts a digital
high-potential voltage supplied from a current controller 210
of the timing controller 10 into an analog high-potential volt-
age in the display mode and the sensing mode. Alternatively,
the data driver 20 adjusts an analog high-potential voltage
according to a digital high-potential voltage. Then, the data
driver 20 supplies the voltage to the display panel 40. The
gamma voltage generator divides the analog high-potential
voltage through a resistor string to generate a gamma voltage
set including a plurality of gamma voltages.

[0084] Inaddition, the data driver 20 converts a voltage (or
a current) sensed through a reference line RL from each
sub-pixel of the display panel 40 in the sensing mode into a
digital sensing value and supplies the converted value to the
timing controller 10.

[0085] Thedata driver 20 is configured as one data drive IC
and mounted on a circuit film such as a tape carrier package
(TCP), a chip on film (COF), a flexible print circuit (FPC),
etc. The data driver 20 may be attached to the display panel 40
using tape automated bonding (TAB) or mounted on a non-
display region of the display panel 40 using a chip on glass
(COQG) scheme.

[0086] The gate driver 30 drives a plurality of gate lines of
the display panel 40 using a gate control signal supplied from
the timing controller 10. The gate driver 30 supplies a scan
pulse of a gate-on voltage to each gate line in a scan period
and supplies a gate-off voltage in a remaining period using the
gate control signal. The gate control signal may be supplied to
the gate driver 30 directly from the timing controller 10 or
from the timing controller 10 via the data driver 20.

[0087] The gate driver 30 may be configured as at least one
gate drive ID. The gate driver 30 may be mounted on a circuit
film such as a TCP, a COF, an FPC, etc. and attached to the
display panel 40 using TAB. Alternatively, the gate driver 30
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may be mounted on a non-display region of the display panel
40 using the COG scheme. On the other hand, the gate driver
30 may be formed on a non-display region of a TFT substrate
together with a TFT array which is formed in a pixel array,
thereby being formed as a gate in panel (GIP) in which the
gate driver 30 is incorporated in the display panel 40.

[0088] The display panel 40 includes a pixel array in a
matrix form. Each pixel of the pixel array includes R/'W/B/G
sub-pixels. Alternatively, each pixel may include R/G/B sub-
pixels.

[0089] FIG. 10 is a flowchart illustrating, in stages, a
method of estimating, sensing, and correcting a progressive
bright point of an OLED display device according to an
embodiment of the present invention.

[0090] Instep S2, the data driver 20 converts data for sens-
ing supplied from the image processor 200 into an analog
signal and supplies the converted signal to each sub-pixel of
the display panel 40, and the image processor 200 senses a
threshold voltage Vth of each sub-pixel through the data
driver 20.

[0091] Instep S4, the image processor 200 senses a normal
bright point defectby comparing the sensed threshold voltage
Vth of each sub-pixel with a predetermined minimum thresh-
old voltage. The image processor 200 determines a sub-pixel
to have the normal bright point defect when a sensed thresh-
old voltage Vth thereof is less than the minimum threshold
voltage, and proceeds to step S6 to darken the sub-pixel by
supplying black data to the sub-pixel.

[0092] The image processor 200 determines a sub-pixel to
be normal when a sensed threshold voltage Vth thereof is
greater than or equal to the minimum threshold voltage, and
proceeds to step S8 to normally drive normal sub-pixels.
[0093] In step S10, the data driver 20 converts the black
data supplied from the image processor 200 into a black data
voltage, supplies the converted voltage to each sub-pixel of
the display panel 40, and senses a voltage corresponding to a
leakage current ofa driving transistor DT through a reference
line RL after a sufficient light emission period. The image
processor 200 estimates whether a progressive bright point
defect is included by comparing the sensed value from the
data driver 20 with the black data. When the sensed value is
greater than or equal to the black data, the image processor
200 determines that the progressive bright point defect is
included and proceeds to step S12 to supply the black data to
the sub-pixel and darkens the sub-pixel by increasing a ref-
erence voltage Vref according to the sensed value. As the
sensed value increases, the reference voltage Vref increases.
Therefore, even when a minute short-circuit is generated in
the driving transistor DT, a driving voltage Vigs of the driving
transistor DT is less than the threshold voltage Vith, and thus
the sub-pixel is darkened.

[0094] Whenthe sensed value is less than the black data, the
image processor 200 determines that the sub-pixel is normal
and proceeds to step S14 to normally drive normal sub-pixels.
[0095] As described in the foregoing, an OLED display
device and a method of driving the same according to the
present invention may estimate and sense a sub-pixel
expected to have a progressive bright point defect as a driving
time passes due to a minute short-circuit by sensing a leakage
current of a driving transistor DT for black data.

[0096] In addition, an OLED display device and a method
of driving the same according to the present invention may
darken a sub-pixel sensed and estimated to have a progressive
bright point defect by correcting a gate-source voltage Vgs of
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a driving transistor DT to be less than a threshold voltage Vth
using a black data voltage and a relatively high reference
voltage.

[0097] In this way, an OLED display device and a method
of driving the same according to the present invention may
enhance image quality and increase lifespan by estimating
and sensing a progressive bright point defect to correct the
defect.

[0098] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic light emitting diode (OLED) display device
comprising:

a data driver for supplying an off-driving voltage to a
driving transistor for driving a light emitting element in
each sub-pixel, and sensing a voltage corresponding to a
leakage current of the driving transistor; and

a bright point estimator for estimating a progressive bright
point ofa sub-pixel by comparing a voltage value sensed
through the data driver with a reference value, and dark-
ening and correcting the sub-pixel estimated to have the
progressive bright point.

2. The OLED display device according to claim 1, wherein
the data driver supplies a black data voltage and a reference
voltage to first and second nodes, respectively, of the driving
transistor of the sub-pixel to supply a difference voltage of the
black data voltage and the reference voltage as the off-driving
voltage to the driving transistor, and stores the leakage current
of the driving transistor in a capacitor connected to a refer-
ence line after the leakage current according to the off-driving
voltage of the driving transistor flows to the light emitting
element during a predetermined light emission period to
sense a voltage stored in the capacitor.

3. The OLED display device according to claim 2, wherein
the bright point estimator compares the sensed voltage value
with the black data, estimates the sub-pixel to have the pro-
gressive bright point when the sensed voltage value is greater
than or equal to the black data, allows the black data to be
supplied to the sub-pixel estimated to have the progressive
bright point, and darkens the sub-pixel by increasing the
reference voltage according to the sensed voltage value.

4. The OLED display device according to claim 3, further
comprising

an image processor including the bright point estimator,

wherein the image processor senses a threshold voltage of
the driving transistor through the data driver, compares
the sensed threshold voltage with a predetermined mini-
mum threshold voltage to sense a normal bright point in
which the sensed threshold voltage is less than the mini-
mum threshold voltage, and darkens the sub-pixel
sensed to have the normal bright point by supplying
black data to the sub-pixel.

5. The OLED display device according to claim 4, wherein
the bright point estimator estimates and senses a sub-pixel
expected to have the progressive bright point as a driving time
passes due to a minute short-circuit resulting from particles
between a supply line of a high-potential voltage and a gate
node of the driving transistor.
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6. A method of driving an OLED display device compris-
ing:

sensing a voltage corresponding to a leakage current
according to an off-driving voltage of a driving transistor
for driving a light emitting element in each sub-pixel;

estimating a progressive bright point of a sub-pixel by
comparing the sensed voltage with a reference value;
and

darkening and correcting the sub-pixel expected to have
the progressive bright point.

7. The method according to claim 6, wherein the sensing

comprises:

supplying a black data voltage and a reference voltage to
first and second nodes, respectively, of the driving tran-
sistor of the sub-pixel to supply a difference voltage of
the black data voltage and the reference voltage as the
off-driving voltage to the driving transistor;

allowing the leakage current according to the off-driving
voltage of the driving transistor to flow to the light emit-
ting element during a predetermined light emission
period; and

storing the leakage current of the driving transistor in a
capacitor connected to a reference line to sense a voltage
stored in the capacitor.

May 5, 2016

8. The method according to claim 7, wherein the estimating
comprises comparing the sensed voltage with the black data
voltage, and estimating the sub-pixel to have the progressive
bright point when the sensed voltage is greater than or equal
to the black data voltage.

9. The method according to claim 7, wherein the storing
comprises supplying the black data voltage to the sub-pixel
estimated to have the progressive bright point, and adjusting
the reference voltage according to the sensed voltage to
darken the sub-pixel.

10. The method according to claim 9, further comprising,
before supplying the black data voltage and the reference
voltage:

sensing a threshold voltage of each driving transistor;

comparing the sensed threshold voltage with a predeter-
mined minimum threshold voltage to sense a normal
bright point in which the sensed threshold voltage is less
than the minimum threshold voltage; and

darkening a sub-pixel sensed to have the normal bright
point by supplying the black data voltage to the sub-
pixel.
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