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for detecting whether a short has occurred between at
least two electrodes of a switching transistor in response
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Description

[0001] This application claims the priority benefit of No.
10-2016-0111803, filed on August 31,2016.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The presentinvention relates to an organic light
emitting display device, and a driving method thereof.

Discussion of the Related Art

[0003] With the development of information technolo-
gies, there are growing demands for display devices
which are a medium for connecting a user to information.
Accordingly, the display devices, such as organic light-
emitting displays (OLEDSs), electrophoretic display devic-
es (EDs), liquid crystal displays (LCDs), and plasma dis-
play panels (PDPs) are increasingly used.

[0004] The organic light emitting display device in-
cludes a display panel having a plurality of sub-pixels,
and a driver for driving the display unit. The driver in-
cludes a scan driver for providing a scan signal (or a gate
signal), and a data driver for providing a data signal to
the display panel.

[0005] If a scan signal or a data signal is provided to
sub-pixels arranged in matrix, the organic light emitting
display device may display animage such that a selected
sub-pixel emits light.

[0006] A process for manufacturing a display panel in-
cludes a deposition process and a repair process. The
deposition process is a process in which a conductive
layer, a metal layer, an insulating layer, etc. are deposited
on a substrate so as to form a substructure consisting of
an element (including an electrode), a power line, a signal
line, etc. The repair processis a process in which a defect
detected in an inspection process is repaired or a defect-
ed sub-pixel is darkened.

[0007] A defect occurring in the process for manufac-
turing a display panel may be repaired in the repair proc-
ess, for example, by darkening the defect. However, in
the inspection process, it is impossible to detect a small
substance, which has come inside in the process for man-
ufacturing a display panel, or a growing defect which is
a defect that gradually grows due to a fragile structure.
Thus, the conventional organic light emitting display de-
vice needs a solution for a growing defect.

SUMMARY OF THE INVENTION

[0008] In one general aspect, the present invention
provides an organic light emitting display device including
a display panel, a data driver, and a scan driver. The
display panel includes sub-pixels. The data driver sup-
plies a data signal to the sub-pixels. The scan driver sup-
plies a scan signal for controlling a switching transistor
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of each sub-pixel, and a sensing signal for controlling a
sensing transistor of each sub-pixel. The sensing tran-
sistor has a turn-on time for detecting whether a short
has occurred between at least two electrodes of a switch-
ing transistor in response to a sensing signal. The organic
light emitting display device may further comprise a com-
pensation driver configured to sense a voltage of a source
node in a driving transistor of each of the sub-pixels, to
determine whether a short has occurred between at least
two electrodes of the switching transistor, and to gener-
ate a compensation value for compensating for a sub-
pixel in which the short has occurred. The compensation
driver may be configured to sense the sensing value
through a sensing line connected to the sensing transis-
tor. In order to detect whether a short has occurred be-
tween at least two electrodes of the switching transistor,
the data driver may be configured to output a logic-high
data signal during a period in which the scan signal is in
a logic high state. When the sensing value is at logic low,
the compensation driver may be configured to determine
that a short has occurred between at least two electrodes
of the switching transistor. During a period in which the
scan signal is in a logic high state, the sensing signal
may be at a logic low state. An initialization voltage may
be supplied to the sensing line during a period in which
the data driver outputs a logic-high data signal, the scan
signal is in a logic low state, and the sensing signal is in
a logic high state. The sensing transistor may have the
turn-on time during an image display period in which an
image is displayed on the display panel or during a power-
off sequence period in which the display panel is power-
off. The turn-on time may be for detecting whether a short
has occurred between at least two electrodes of the
switching transistor.

[0009] Inanothergeneral aspect, the presentinvention
provides a driving method of an organic light emitting
display device including an initialization step, a program
step, a charging step, and a sensing step. The initializa-
tion step for turning off a switching transistor, turning on
a sensing transistor, and outputting a logic-high data sig-
nal and an initialization voltage. The program step for
turning on the switching transistor, turning off the sensing
transistor, keeping outputting of the logic-high data sig-
nal, and stopping outputting of the initialization voltage.
The charging step for turning off the switching transistor,
turning on the sensing transistor, and stopping outputting
of the logic-high data signal and the initialization voltage
so as to charge, in a sensing line, a voltage existing in a
source node of a driving transistor. The sensing step is
for turning off the switching transistor, turning on the
sensing transistor, stopping outputting of the logic-high
data signal and the initialization voltage, and sensing a
voltage charged in the sensing line. The sensing step
may comprise a compensating step in which the voltage
charged in the sensing line is sensed. Whether a short
has occurred between at least two electrodes of the
switching transistor may be determined based on a sens-
ing value. A compensation value for compensating for a
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subpixel in which the short has occurred may be gener-
ated. When the sensing value is at logic low, it may be
determined in the sensing step that a short has occurred
between at least two electrodes of the switching transis-
tor. The sensing step may be performed during an image
display period in which animage is displayed on a display
panel or during a power-off sequence period in which the
display panel is power-off. The compensating step may
comprise modifying a compensation value based on co-
ordinates of an abnormal sub-pixel having a switching
transistorin which a shorthas occurred, so that darkening
of a normal sub-pixel in surroundings of the abnormal
sub-pixel is prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompany drawings, which are included
to provide a further understanding of the invention and
are incorporated on and constitute a part of this specifi-
cation illustrate embodiments of the invention and togeth-
er with the description serve to explain the principles of
the invention.

FIG. 1 is a schematic block diagram of an organic
light emitting display device.

FIG. 2 is a schematic circuit of a sub-pixel.

FIG. 3 is an example of a detailed circuit of a sub-
pixel.

FIG. 4 is an example of a cross-sectional view of a
display panel.

FIG. 5 is an example of a plane view of a sub-pixel.
FIG. 6 is a schematic block diagram of a data driver
including an external compensation circuit.

FIGS. 7 and 8 are examples of compensation wave-
forms for an external compensation operation.

FIG. 9 is an example of a sub-pixel according to an
experimental example.

FIG. 10 is a diagram for explanation of a problem
caused by a growing defect.

FIG. 11 is a waveform for explanation of a short de-
tection method of according to an embodiment
FIGS. 12 to 15 are diagrams for explanation of each
step of a short detection operation, shown in FIG. 11.
FIG. 16 is a diagram illustrating a sensing voltage
according to a state of a switching transistor.

FIG. 17 is a flowchart for explanation of a compen-
sation method depending on presence or absence
of a short.

FIG. 18 is a schematic block diagram of a data driver,
which including a short detection circuit and an ex-
ternal compensation circuit, and a data compensa-
tion unit according to an embodiment.

FIG. 19 is a schematic block diagram of a timing
controller including a data compensation unit.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0011] Reference will now be made in detail embodi-
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ments of the invention examples of which are illustrated
in the accompanying drawings.

[0012] Hereinafter, embodiments of the presentinven-
tion will be described with reference to accompanying
drawings.

[0013] An organic light emitting diode display accord-
ing to an embodiment of the present invention is imple-
mented as a television (TV), a video player, a Personal
Computer (PC), a home theater, and a smart phone. The
organic light emitting diode display described in the fol-
lowing performs an image display operation and an ex-
ternal compensation operation. The external compensa-
tion operation may be performed in a sub-pixel or pixel
unit basis.

[0014] The external compensation operation may be
performed in a vertical blank period during the image
display operation, in a power-on sequence period before
the image display operation, or in a power-off sequence
period after the image display operation. The vertical
blank period is a period of time in which a data signal for
image display is not written, and each vertical blank pe-
riod is a time between vertical active periods, wherein a
data signal of one frame is written in each vertical active
period. The power-on sequence period is a period of time
which starts upon turning on power for driving the device
and ends upon displaying an image. The power-off se-
quence period is a period of time which starts after dis-
playing an image and ends upon turning off power for
driving the device.

[0015] A external compensation method of performing
the external compensation operation includes sensing a
voltage (e.g. a source voltage of a driving Thin Film Tran-
sistor (TFT)) which is stored in a line capacitor (e.g., a
parasitic capacitor) of a sensing line after a driving tran-
sistor is driven in a source follower method. In order to
compensate for a threshold voltage deviation of the driv-
ing transistor, the external compensation method in-
cludes sensing a source voltage when a potential of a
source node in the driving transistor enters a saturation
state (that is, when a current Ids of the driving TFT be-
comes 0). In addition, in order to compensate for a mo-
bility deviation of the driving transistor, the external com-
pensation method includes sensing a value of a linear
state which is a state before the source node of the tran-
sistor enters the saturation state.

[0016] Electrodes of a TFT described in the following
may be referred to as a source electrode and a drain
electrode, except for a gate electrode. However, in order
to avoid from being limited thereto, they will be described
as a first electrode and a second electrode.

[0017] FIG. 1 is a schematic block diagram of an or-
ganic light emitting display device, FIG. 2 is a schematic
circuit of a sub-pixel, FIG. 3 is an example of a detailed
circuit of a sub-pixel, FIG. 4 is an example of a cross-
sectional view of a display panel, FIG. 5 is an example
of a plane view of a sub-pixel, FIG. 6 is a schematic block
diagram of a data driver including an external compen-
sation circuit, and FIGS. 7 and 8 are examples of com-
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pensation waveforms for an external compensation op-
eration.

[0018] Asillustrated in FIG. 1, an organic light emitting
display device includes an image processing unit 110, a
timing controller 120, a data driver 130, a scan driver
140, and a display panel 150.

[0019] The image processing unit 110 outputs a data
enable signal DE in addition to a data signal DATA which
is provided from the outside. The image processing unit
110 may output at least one of a vertical synchronization
signal, a horizontal synchronization signal, and a clock
signal, apart from the data enable signal DE, but those
signals are omitted from the drawings for convenience
of explanation.

[0020] The timing controller 120 is supplied from the
image processing unit 110 with a data signal DATA in
addition with a data enable signal DE and a driving signal,
which includes a vertical synchronization signal, a hori-
zontal synchronization signal, and a clock signal. Based
on the driving signal, the timing controller 120 outputs a
gate timing signal GDC for controlling operation timing
of the scan driver 140, and a timing control signal DDC
for controlling operation timing of the data driver 130.
[0021] Inresponse to a data timing control signal DDC
supplied from the timing controller 120, the data driver
130 may sample and latch a data signal supplied from
the timing controller 120, convert the data signal DATA
into a gamma reference voltage, and output the gamma
reference voltage. The data driver 130 may output the
data signal DATA via data lines DL1 to DLn. The data
driver 130 may be in the form of an Integrated Circuit (IC).
[0022] Inresponse to a timing control signal GDC sup-
plied from the timing controller 120, the scan driver 140
may output a scan signal. The scandriver 140 may output
a scan signal via scan lines GL1 to GLm. The scan driver
140 may be in the form of an IC or may be formed in a
Gate In Panel (GIP) circuit on the display panel 150.
[0023] In response to a data signal DATA and a scan
signal respectively supplied from the data driver 130 and
the scan driver 140, the display panel 150 displays an
image. The display panel 150 may include sub-pixels SP
that operates to display the image.

[0024] The sub-pixels SP may include red sub-pixels,
green sub-pixels, and blue sub-pixels, or may include
white sub-pixels, red sub-pixels, green sub-pixels, and
blue sub-pixels. The sub-pixels SP may have one or more
different light emission areas depending on light emitting
characteristics.

[0025] As illustrated in FIG. 2, a sub-pixel includes a
switching transistor SW, a driving transistor DR, a capac-
itor Cst, a compensation circuit CC, and an Organic Light
Emitting Diode (OLED).

[0026] Inresponse to a scan signal supplied via a first
scan line GL1, the switching transistor SW may perform
a switching operation so that a data signal supplied via
a first data line DL1 is stored in the capacitor Cst as a
data voltage. According to the data voltage stored in the
capacitor Cst, the driving transistor DR allows a driving
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current to flow between a first power line EVDD and a
second powerline EVSS. According to the driving current
formed by the driving transistor DR, the OLED emits light.
[0027] The compensation circuit CC is a circuit that is
added to a sub-pixel in order to compensate for a thresh-
old voltage deviation of the driving transistor DR. The
compensation circuit CC is composed of one or more
transistors. The configuration of the compensation circuit
CC may vary depending on an external compensation
method, and examples thereof are as follows.

[0028] AsillustratedinFIG. 3, the compensation circuit
CC includes a sensing transistor ST and a sensing line
VREEF (or areference line). The sensing transistor ST is
connected between a source node of the driving transis-
tor DR and an anode electrode of the OLED (which is
hereinafter referred to as a sensing node). The sensing
transistor ST supplies an initialization voltage (or a sens-
ing voltage), transferred via the sensing line VREF, to
the source node of the driving transistor DR (or a sensing
node), or senses a voltage or current of the source node
of the driving transistor DR.

[0029] The switching transistor SW include a first elec-
trode connected to the first data line DL1, and a second
electrode connected to a gate electrode of the driving
transistor DR. The driving transistor DR includes a first
electrode connected to the first power line EVDD, and a
second electrode connected to the anode electrode of
the OLED. The capacitor Cst includes a first electrode
connected to the gate electrode of the driving transistor
DR, and a second electrode of the anode electrode of
the OLED. The OLED includes an anode electrode con-
nected to the second electrode of the driving transistor,
and a cathode electrode connected to the second power
line EVSS. The sensing transistor ST include a first elec-
trode connected to the sensing line VREF, and a second
electrode connected to the anode electrode of the OLED,
which is a sensing node, and to the second electrode of
the driving transistor DR.

[0030] An operation time of the sensing transistor ST
may be similar or identical to that of the switching tran-
sistor SW depending on an external compensation algo-
rithm (or the configuration of the compensation circuit).
For example, the switching transistor SW may include
an electrode connected to a first scan line part GL1a, and
the sensing transistor ST may include a gate electrode
connected to a second scan line part GL1b. In another
example, the first scan line part GL1a connected to the
gate electrode of the switching transistor SW and the
second scan line part GL1b connected to the gate elec-
trode of the sensing transistor ST may be connected to
each other, or connected to the same scan line GL1.
[0031] The sensing line VREF may be connected to
the data driver. In this case, the data driver is able to
sense a sensing node of asub-pixel and generate asens-
ing result only in a non-display period of an image or in
a period of N frames (N is an integer equal to or greater
than 1). Meanwhile, the switching transistor SW and the
sensing transistor ST may be turned on at the same time.
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In this case, a sensing operation through the sensing line
VREF and a data output operation for outputting a data
signal are separate (distinguished) from each other by a
time division method of the data driver.

[0032] In addition, a compensation subject determined
upon a sensing result may be a data signal in a digital
format, a data signal in an analog format, or a gamma.
In addition, a compensation circuit for generating a com-
pensation signal (or a compensation voltage) based on
a sensing result may be included in the data driver or the
timing controller, or may be implemented as an additional
circuit.

[0033] A light shield layer LS may be disposed below
a channel region of the driving transistor DR, or may be
arranged not just below the channel region of the driving
transistor DR but also below channel regions below the
switching transistor SW and the sensing transistor ST.
The light shield layer LS may be used simply to shield
external light, or may be used as an electrode for achiev-
ing connection with another electrode or line and for con-
structing a capacitor.

[0034] FIG. 3 shows an example of a sub-pixel which
is in the structure of 3T(Transistor)1C(Capacitor) that
means including a switching transistor SW, a driving tran-
sistor DR, a capacitor Cst, an OLED, and a sensing tran-
sistor ST. However, if the sub-pixel includes a compen-
sation circuit CC, the sub-pixel may be in the structure
of 3T2C, 4T2C, 5T1C, or 6T2C.

[0035] As illustrated in FIG. 4, sub-pixels are formed
on a display area AA of a first substrate (or a TFT sub-
strate) 150a based on the circuit described with reference
to FIG. 3. The sub-pixels formed on the display area AA
are sealed by a protection film (or a protection substrate)
150b. NA not described above indicates a non-display
area. The first substrate 150a may be formed of glass or
a flexible material.

[0036] The sub-pixels are horizontally or vertically ar-
ranged in the order of a red sub-pixel R, a white sub-pixel
W, a blue sub-pixel B, and a green sub-pixel G. In addi-
tion, the red sub-pixel R, the white sub-pixel W, the blue
sub-pixel B, and the green sub-pixel G compose one pixel
P. The arrangement order of the sub-pixels may be
changed depending on a light emission material, a light
emission area, or the configuration (or structure) of a
compensation circuit. In addition, a red sub-pixel R, a
blue sub-pixel B, and a green sub-pixel may compose
one pixel P.

[0037] As illustrated in FIGS. 4 and 5, a first sub-pixel
SPn1 to afourth sub-pixel SPn4 each having an emission
area EMA and a circuit area DRA are formed on a display
area AA of the first substrate 150a. An OLED is formed
in the light emission area EMA, and TFTs including
switching and driving transistors are formed in the circuit
area DRA. Elements formed in the light emission area
EMA and the circuit area DRA are formed by a process
of depositing a plurality of metal layers and a plurality of
insulating layers.

[0038] In response to operation of the switching and
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driving transistors located in the circuit area DRA, an
OLED located in the light emission area EMA of each of
the first sub-pixel SPn1 to the fourth sub-pixel SPn4 emits
light. "WA" located between the first sub-pixel SPn1 to
the fourth sub-pixel SPn4 is a wire area in which a power
line or a data line is arranged.

[0039] The first power line EVDD may be located on
the left side of the first sub pixel SPn1, the sensing line
VREF may be located on the right side of a second sub-
pixel SPn2, and first and second data lines DL1 and DL2
may be located between the first sub-pixel SPn1 and the
second sub-pixel SPn2.

[0040] The sensing line VREF may be located on the
left side of a third sub-pixel SPn3, the first power line
EVDD may be located on the right side of the fourth sub-
pixel SPn4, and third and fourth data lines DL2 and DL4
may be located between the third sub-pixel SPn3 and
the fourth sub-pixel SPn4.

[0041] The first sub-pixel Spn1 may be electrically con-
nected to the first power line EVDD located on its left
side, to the first data line located on its right side, and to
the sensing line VREF located on the right side of the
second sub-pixel SPn2. The second sub-pixel SPn2 may
be electrically connected to the first power line EVDD
located on the left side of the first sub-pixel SPn1, to the
second data line DL2 located on its left side, and to the
sensing line VREF located on its right side.

[0042] The third sub-pixel SPn3 may be electrically
connected to the sensing line VREF located on its left
side, to the third data line DL3 connected to its right side,
and to the first power line EVDD located on the right side
of the fourth sub-pixel SPn4. The fourth sub-pixel SPn4
may be electrically connected to the sensing line VREF
located on the left side of the third sub-pixel SPn3, to the
fourth data line DL4 located on its left side, and to the
first power line EVDD located on its right side.

[0043] The first sub-pixel SPn1 to the fourth sub-pixel
Spn4 may be shared by (or mutually connected to) the
sensing line VREF located between the second sub-pixel
SPn2 and the third sub-pixel SPn3, but aspects of the
present invention are not limited thereto. In addition, the
scan line GL1 is depicted as a single line, but aspects of
the present invention are not limited thereto.

[0044] In addition, not just lines such as the first power
line EVDD and the sensing line VREF, but electrodes of
a TFT are located on different layers; however, they are
electrically connected as contacting one another through
a contact hole (via hole). The contact hole is formed in a
dry or wet etching process so as to expose some of elec-
trodes, a signal line, or a power line located below the
contact hole.

[0045] As illustrated in FIG. 6, the data driver 130 in-
cludes: a first circuit 140a for outputting a data signal to
a sub-pixel SP; and a second circuit 140b for sensing the
sub-pixel SP to compensate for a data signal.

[0046] The first circuit 140a includes a digital-analog
conversion (DAC) circuit 141 thatis capable of converting
a digital data signal into an analog data signal VDATA
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and output the analog data signal VDATA. An output
stage of the first circuit 140a is connected to the first data
line DL1.

[0047] The second circuit 140b includes a voltage out-
put circuit SW1, a sampling circuit SW2, and an analog-
digital conversion (ADC) circuit 143. The voltage output
circuit SW1 operates in response to a charge signal con-
trol PRE. The sampling circuit SW2 operates inresponse
to a sampling control signal SAMP.

[0048] The voltage output circuit SW1 is configured to
output a firstinitialization voltage, generated by a voltage
source VREFF, via the first sensing line VREF1 and a
second initialization voltage via the first data line DL1.
The first initialization voltage, generated by the voltage
source VREFF, and the second initialization voltage may
be generated as a voltage between a first potential volt-
age and a second potential voltage.

[0049] The first initialization voltage and the second
initialization voltage may be set as a similar or identical
voltage. The first initialization voltage may be set to a
voltage close to a ground level in order to be used for
external compensation of adisplay panel, and the second
initialization voltage may be set to be higher than the first
initialization voltage in order to be used for normal oper-
ation of the display panel. The voltage output circuit SW1
operates only when outputting the first initialization volt-
age and the second initialization voltage. The voltage
output circuit SW1 is depicted as having a switch SW1
and the voltage source VREFF, but aspects of the
present invention are not limited.

[0050] The sampling circuit SW2 may sense the sub-
pixel SP using thefirst sensing line VREF 1. The sampling
circuit SW2 senses a threshold voltage of the OLED and
a threshold voltage or mobility of the driving transistor
DR in a sampling method, and then transmits a sensing
value to the ADC circuit 143. The sampling circuit SW2
is depicted as a switch SW2. However, aspects of the
present invention are not limited thereto, and the sam-
pling circuit SW2 may be implemented as an active de-
vice and a passive device.

[0051] The ADC circuit 143 receives a first sensing val-
ue from the sampling circuit SW2, and converts an analog
voltage value into a digital voltage value. The ADC circuit
143 outputs a second sensing value which is converted
into a digital value. The second sensing value output from
the ADC circuit 143 is supplied to a circuit necessary to
generate a compensation value. For example, a thresh-
old voltage of the driving transistor is detected during a
period in which a black data signal is applied (or during
a turn-on time of a device). When the threshold voltage
is changed, a compensation value is generated to have
a before-change value (or a normal value).

[0052] Hereinafter, an exemplary waveform for sens-
ing a threshold voltage and mobility of the driving tran-
sistor DR is described as an example of an external com-
pensation operation. However, the waveform described
in the following is merely an example for explaining a
sensing operation, and aspects of the present invention
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are not limited thereto.

[0053] Asillustratedin FIGS. 6 and 7, in order to sense
a threshold voltage of the driving transistor DR, the com-
pensation circuit performs operations, such as program,
sensing & sampling, and initialization.

[0054] The scan signal SCAN is a signal for controlling
the switching transistor SW. When the scan signal SCAN
becomes logic high, the switching transistor SW is turned
on. When the scan signal SCAN becomes logic low, the
switching transistor SW is turned off. The scan signal
SCAN is maintained at logic high during the period from
Program to Sensing & Sampling.

[0055] The charge control signal SPRE and RPRE is
a signal for controlling the voltage output circuit SW1.
When a first charge control signal SPRE becomes logic
high, afirstinitialization voltage is output. When a second
charge control signal RPRE becomes logic high, a sec-
ond initialization voltage is output. The first charge control
signal SPRE is maintained at logic high during the Pro-
gram period. The second charge control signal RPRE is
maintained logic high only during at least part of the Ini-
tialization period.

[0056] The sampling control signal SAMP is a signal
for controlling the sampling circuit SW2. When the sam-
pling control signal SAMP becomes logic high, the sam-
pling circuit SW2 performs sampling for a sensing oper-
ation. When the sampling control signal SAMP becomes
logic low, the sampling circuit SW2 stops sensing. The
sampling control signal SAMP is temporarily maintained
at logic high at the end of the Sensing & Sampling period.
[0057] The datadriver 130 outputs a data signal DATA
during the Program period and the Sensing & Sampling
period, and outputs a black data signal BLK during the
Initialization period.

[0058] Due to the above operation, a voltage by which
a threshold voltage of the driving transistor DR can be
sensed exists in the sensing line VREF. The sampling
circuit SW2 senses a voltage in the sensing line VREF
during the Sensing & Sampling period.

[0059] Asillustratedin FIGS. 6 and 8, in order to sense
mobility of the driving transistor DR, the compensation
circuit performs operations of initialization, program,
sensing & sampling, and recovery.

[0060] A scan signal SCAN is a signal for controlling
the switching transistor SW. The switching transistor SW
is turned on when the scan signal SCAN becomes logic
high. The switching transistor SW is turned off when the
scan signal SCAN becomes logic low. The scan signal
SCAN is maintained at logic high in at least part of the
initialization period and in at least part of the program
period. In addition, the scan signal SCAN is maintained
at logic high in at least part of the recovery period.
[0061] A sensingsignal SENS is a signal for controlling
the sensing transistor ST. The sensing transistor ST is
turned on when the sensing signal SENS logic high. The
sensing Transistor ST is turned off when the sensing sig-
nal SENS becomes logic low. The sensing signal SENS
is maintained at logic high in at least part of the initiali-
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zation period, in the program period, in the sensing &
sampling period, and in at least part of the recovery pe-
riod.

[0062] A charge control signal SPRE and RPRE is a
signal for controlling for the voltage output circuit SW1.
The voltage output circuit SW1 outputs a firstinitialization
voltage when afirst control charge signal SPRE becomes
logic high. The voltage output circuit SW1 outputs a sec-
ond initialization voltage when a second charge control
signal RPRE becomes logic high. The first charge control
signal SPRE is maintained at logic high in at least part
of the initialization period and in the program period. The
second charge control signal RPRE is maintained atlogic
high in the recovery period.

[0063] A sampling control signal SAMP is a signal for
controlling the sampling circuit SW2. The sampling circuit
SW2 performs sampling for a sensing operation when
the sampling control signal SAMP becomes logic high,
whereas the sampling circuit SW2 stops the sensing op-
eration when the sampling control signal SAMP becomes
logic low. The sampling control signal SAMP is tempo-
rarily maintained at logic high at the end of the sensing
& sampling period.

[0064] The datadriver 130 outputs a data signal DATA
in the program period and the sensing & sampling period,
and optionally in a part of the recovery period, and outputs
a black data signal BLK in at least part of the recovery
period.

[0065] Due tothe above operation, a current (AV « Ids)
by which mobility of the driving transistor DR is sensed
existsinthe sensingline VREF. The sampling circuit SW3
senses the current in the sensing line VREF during the
Sensing & Sampling period.

[0066] Meanwhile, a display panel is gradually imple-
mented with a large screen and high resolution. Accord-
ingly, a higher number of metal layers and insulating lay-
ers is formed on a substrate of the display panel. In ad-
dition, a design layout of the substrate is becoming more
complex. Furthermore, due to a foreign substance or by-
products generated in the process of manufacturing a
display panel, a probability of occurrence of a short is
increasing.

[0067] In order to address and avoid this problem and
increase a production yield of display panels, a deposi-
tion process and arepair process are performed for man-
ufacturing display panels. The deposition process is a
process in which a conductive layer, a metal layer, and
an insulating layer are deposited on a substrate so as to
form a structure consisting of a element (including an
electrode), a power line, and a signal line. The repair
process is a process for repairing an error detected in an
inspection process or darkening a defected sub-pixel.
[0068] A defect occurring in the process for manufac-
turing a display panel may be repaired by the repair proc-
ess, for example, darkening a defect pixel. However, in
the inspection process, it is impossible to detect a small
substance, which has come inside inthe process for man-
ufacturing a display panel, or a growing defect which is
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a defect that gradually grows due to a fragile structure.

[0069] The following description is to look into a grow-
ing defect that can possibly occur in an experimental ex-
ample, and an embodiment in which the growing defect
can be addressed will be described. However, aspects
of the present invention are not limited to the following
experimental example and embodiments.

- Experimental Example -

[0070] FIG. 9 is an example of a sub-pixel according
to an experimental example, and FIG. 10 is a diagram
for explanation of a problem caused by a growing defect.
[0071] FIG. 9 shows a case in which a short between
the gate electrode and the second electrode of the switch-
ing transistor SW occurs due to a growing defect. The
gate electrode of the switching transistor SW is connect-
ed to the first scan line part GL1a, and the second elec-
trode of the switching transistor SW is connected to the
gate electrode of the driving transistor DR.

[0072] A scansignal provided viathe first scan line part
GL1a temporarily become logic high in a period of one
frame in order to transfer a data signal to a sub-pixel, and
then maintained at logic low until the next frame comes.
[0073] Meanwhile, when a short occurs between the
gate electrode and the second electrode of the switching
transistor SW, not just the gate electrode of the driving
transistor DR but the second electrode thereof is affect-
ed. As a result, an error occurs not just in a period for
displaying an image on a display panel, but in a period
for external compensation, and this will be described as
follows.

[0074] As illustrated in FIGS. 9 and 10, when there is
no shortbetween the gate electrode and the second elec-
trode of the switching transistor SW (normal state), black
is normally displayed on the display panel. However,
when there is a short between the gate electrode and the
second electrode of the switching transistor SW (abnor-
mal state), black is not normally displayed on the display
panel.

[0075] To display black, a data signal needs to have a
low voltage level. Yet, if a short occurs between the gate
electrode and the second electrode of the switching tran-
sistor SW, a logic-high scan signal affects the data signal
for displaying black, and therefore, white is displayed
temporarily (see an impulse-type waveform). As a result,
an image with little luminance is temporarily displayed in
the display panel with a little luminance.

[0076] For a similar reason, when there is no short be-
tween the gate electrode and the second electrode of the
switching transistor SW (normal state), white is normally
displayed on the display panel. However, when there is
a short between the gate electrode and the second elec-
trode of the switching transistor SW, white is not normally
displayed on the display panel. This problem occurs even
when a grayscale other than white is displayed in the
display panel. For example, a dark spot may occur when
a full grayscale is displayed on the display panel.
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[0077] When there is no short between the gate elec-
trode and the second electrode of the switching transistor
SW (normal state), a threshold voltage Vth of the driving
transistor is normally sensed. However, when there is a
short between the gate electrode and the second elec-
trode of the switching transistor SW (abnormal state), a
threshold voltage of the driving transistor is not normally
sensed. In the abnormal state, a higher voltage is sensed
as compared to the normal state.

[0078] When there is no short between the gate elec-
trode and the second electrode of the switching transistor
SW (normal state), mobility of the driving transistor is
normally sensed. However, when there is a short be-
tween the gate electrode and the second electrode of the
switching transistor SW (abnormal state), mobility of the
driving transistor is not normally sensed. In the normal
state, a sensing voltage linearly increases due to effects
of a constant current. However, in the abnormal state, a
sensing voltage dramatically increases at a certain point.
[0079] As above, a growing defect is not detected in
an inspection process and an error occurs not just in a
period for displaying an image but a period for external
compensation. Thus, it is required to solve these prob-
lems.

[0080] FIG. 11 is a waveform for explanation of a short
detection method of according to an embodiment; FIGS.
12 to 15 are diagrams for explanation of each step of a
short detection operation, shown in FIG. 11; FIG. 16 is a
diagramiillustrating a sensing voltage according to a state
of a switching transistor; and FIG. 17 is a flowchart for
explanation of a compensation method depending on
presence or absence of a short.

[0081] Asillustratedin FIG. 11, a short detection meth-
od according to an embodiment includes an initialization
period 1, a program period 2, a charging period 3, and a
sensing period 4.

[0082] A scan signal SCAN is maintained at logic high
in the program period 2, while being maintained at logic
low in the initialization period 1, the charging period 3,
and the sensing period 4. A sensing signal SENS is main-
tained at logic low in the program period 2, while being
maintained at logic high in the initialization period 1, the
charging period 3, and the sensing period 4. A firstcharge
control signal SPRE is maintained at logic high in the
initialization period 1, while being maintained at logic low
in the program period 2, the charging period 3, and the
sensing period 4. A sampling control signal SAMP is
maintained at logic high in the sensing period 4, while
being maintained at logic low in the initialization period
1, the program period 2, and the charging period 3.
[0083] As illustrated in FIGS. 11 and 12, the switching
transistor SW is turned off and the sensing transistor ST
is turned on in the initialization period 1. The data driver
outputs a data signal DATA [N-1] (or a logic-high data
signal). As the first charge control signal SPRE becomes
logic high, an initialization voltage is transferred to a
source node of the driving transistor DR via the sensing
transistor ST. As a result, a source node (or a sensing
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node) of a sub-pixel shown in FIG. 12 is initialized by the
initialization voltage.

[0084] As illustratedin FIGS. 11 and 13, the switching
transistor SW is turned on and the sensing transistor ST
is turned off in the program period 2. The data driver
keeps outputting the data signal DATA[N-1]. As the scan
signal SCAN becomes logic high, the data signal DA-
TA[N-1] is transferred to the capacitor Cst. As a result,
the capacitor Cst of the sub-pixel shown in FIG. 12 is
programmed by the data signal.

[0085] Asillustratedin FIGS. 11 and 14, the switching
transistor SW is turned off and the sensing transistor ST
is turned on in the charging period 3. The data driver
stops outputting the data signal DATA [N-1]. As the sens-
ing signal SENS becomes logic high, the sensing tran-
sistor ST is turned on and a voltage existing in the source
node of the driving transistor DR is charged in the sensing
line VREF.

[0086] As illustratedin FIGS. 11 and 15, the switching
transistor SW is turned off and the sensing transistor ST
is tuned on in the sensing period 4. As the sampling con-
trol signal SAMP becomes logic high, a voltage charged
in the sensing line VREF may be sensed by a sampling
circuit.

[0087] Asillustrated in FIGS. 11 and 16, in the normal
state of the switching transistor SW included in a sub-
pixel (which means when there is no short), a logic-high
voltage VSEN(H) is sensed. On the other hand, in the
abnormal state of the switching transistor SW included
in a sub-pixel (which means when there is a short, a logic-
low voltage VSEN(L) is sensed.

[0088] According to the above description, the embod-
iment is able to detect a subpixel in which a short occurs
between a gate electrode and a second electrode (or a
drain electrode) of the switching transistor SW It is be-
cause a logic-low voltage VSEN(L) is sensed when a
short occurs between the gate electrode and the second
electrode (e.g. the drain electrode) of the switching tran-
sistor SW.

[0089] Similar to an external compensation operation,
the embodiment may be performed in a vertical blank
period during an image display operation (in real-time),
in a power-on sequence period before image display, or
in a power-off period after image display. However, dur-
ing a short detection operation for detecting a sub-pixel
in which a short has occurred, an external compensation
operation is stopped and replaced by the short detection
operation. The following description is provided about an
example in which a short detection operation is per-
formed in the power-off sequence period.

[0090] AsillustratedinFIG. 17, short detection GD De-
tect is performed in S110. The short detection operation
includes: performing short detection GD Detect before a
power-off sequence Off RS; and identify coordinates of
a sub-pixel including a switching transistor in which the
short occurs in S 115. The short detection operation may
be performed on a sub-pixel or pixel unit basis.

[0091] The power-off sequence Off RS is executed in
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S120. When the power-off sequence Off RS is executed,
a power-off sequence Off RS for performing external
compensation starts in S125. Description about the ex-
ternal compensation is provided with reference to FIGS.
6 and 8.

[0092] Coordinates of a sub-pixel including the switch-
ing transistor GD in which a short has occurred are iden-
tified, and a compensation value is modified in S130.
When the coordinates of the sub-pixel including the
switching transistor GD in which a short has occurred are
completely identified, power-off sequence data Off RS
Data of the sub-pixel are modified in S135.

[0093] Theshortdetection method accordingtoanem-
bodimentaccompanies a compensation method in which
a sub-pixel having a switching transistor GD, in which a
short has occurred, is detected, and a compensation val-
ue of the detected sub-pixel is modified or adjusted. In
addition, the short detection method according to an em-
bodimentaccompanies a compensation method in which
a compensation value is modified based on coordinates
of an abnormal (defected) sub-pixel, so that darkening
of a normal sub-pixel in surroundings of the abnormal
sub-pixel is prevented. In addition, if a subpixel having a
switching transistor GD in which a short has occurred is
a white sub-pixel, compensation may be done in a man-
ner in which operation of the sub-pixel is stopped (or
turned off).

[0094] FIG. 18 is a schematic block diagram of a data
driver, which including a short detection circuit and an
external compensation circuit, and a data compensation
unit according to an embodiment. FIG. 19 is a schematic
block diagram of a timing controller including a data com-
pensation unit.

[0095] As illustrated in FIG. 18, a data driver 130 in-
cluding circuits 140a and 140b, which includes a short
detection circuit and an external compensation circuit,
interworks with a compensation driver 180. The compen-
sation driver 180 performs short detection and external
compensation based on a sensing value in the digital
format transferred from a second circuit 140b of the data
driver 130.

[0096] Based on the sensing value, the compensation
driver 180 generates a compensation value necessary
for short detection and external compensation, or may
modify or adjust a compensation value. The compensa-
tion driver 180 includes a determination unit 185 and a
compensation value generation unit 187.

[0097] Based on the sensing value, the determination
unit 185 determines whether a short has occurred or
whether external compensation has been performed.
Depending on whether a short has occurred or whether
external compensation has been performed, the com-
pensation value generation unit 187 generates a com-
pensation value SEN for each subpixel of the display
panel. The compensation value generation unit 187 pro-
vides the compensation value SEN to the timing control-
ler. The timing controller may compensate for a data sig-
nal based on the compensation value SEN provided from
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the compensation value generation unit 187.

[0098] As illustrated in FIGS. 18 and 19, the compen-
sation driver 180 may be included in the timing controller
120. In this case, the second circuit 140b of the data
driver 130 transfers the sensing value to the timing con-
troller 120.

[0099] As such, the present invention detects a grow-
ing defect potentially existing in a display panel and com-
pensates for the growing defect, thereby improving dis-
play quality of a device. In addition, the present invention
detects a growing defect potentially existing in a display
panel and compensate for the growing defect, thereby
modifying or offset a sensing or compensation error
which could occur during external compensation. Fur-
thermore, based on coordinates of an abnormal (defect-
ed) sub-pixel, the present invention prevents darkening
of a normal sub-pixel in surroundings of the abnormal
(defected) sub-pixel, the dark spot which is possibly
caused by a growing defect, and therefore, driving relia-
bility may improve.

Claims
1. An organic light emitting display device comprising:

a display panel (150) having a plurality of sub-
pixels (SP);

a data driver (130) configured to supply a data
signal (DATA) to one of the sub-pixels (SP); and
a scan driver (140) configured to supply a scan
signal (SCAN) for controlling a switching tran-
sistor (SW) of the sub-pixel (SP), and a sensing
signal (SENS) for controlling a sensing transis-
tor (ST) of the sub-pixel (SP),

wherein the sensing transistor is configured to
detect whether a short has occurred between
two electrodes of the switching transistor (SW)
in response to the sensing signal (SENS).

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

a compensationdriver (180) configured to sense
a voltage of a sensing node of the driving tran-
sistor (DR) of said sub-pixel (SP) via a sensing
line (VREF) connected to the sensing transistor
(ST), to determine whether a short has occurred
between the two electrodes of the switching
transistor (SW), and to generate a compensa-
tion value (SEN) for compensating for the sub-
pixel (SP) in which the short has occurred.

3. The organic light emitting display device of claim 2,
wherein, when the sensed voltage is at logic low, the
compensation driver (180) is configured to deter-
mine that a short has occurred between the two elec-
trodes of the switching transistor (SW).
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The organic light emitting display device according
to any one of the preceding claims, wherein the data
driver (130) is configured to output a logic-high data
signal (DATA) during a period in which the scan sig-
nal (SCAN) is in a logic high state, for detecting a
short between the two electrodes of the switching
transistor (SW).

The organic light emitting display device according
to any one of the preceding claims, wherein, during
a period in which the scan signal (SCAN) is in a logic
high state, the sensing signal (SENSE) is in a logic
low state.

The organic light emitting display device according
to any one of the preceding claims, wherein an ini-
tialization voltage is supplied to the sensing line
(VREF) during a period in which the data driver (130)
outputs a logic-high data signal (DATA), the scan
signal (SCAN) is in a logic low state, and the sensing
signal (SENSE) is in a logic high state.

The organic light emitting display device according
to any one of the preceding claims, wherein the sens-
ing transistor (ST) is configured to detect a short be-
tween the two electrodes of the switching transistor
(SW)inaturn-on time during animage display period
in which an image is displayed on the display panel
(150) or during a power-off sequence period in which
the display panel (150) is power-off.

The organic light emitting display device according
to any one of the preceding claims, wherein the scan
driver (140) is configured to output the sensing signal
(SENSE) for turning on the sensing transistor (ST)
during an image display period in which an image is
displayed on the display panel (150) or during a pow-
er-off sequence period in which the display panel
(150) is power-off.

A driving method of an organic light emitting display
device, comprising:

an initialization step (1), including turning off a
switching transistor (SW) of a sub-pixel (SP) of
the display device, turning on a sensing transis-
tor (ST) of the sub-pixel (SP), and outputting a
logic-high data signal (DATA) and an initializa-
tion voltage;

a program step (2), including turning on the
switching transistor (SW), turning off the sensing
transistor (ST), maintaining outputting of the log-
ic-high data signal (DATA), and stopping output-
ting of the initialization voltage;

a charging step (3), including turning off the
switching transistor (SW), turning on the sensing
transistor (ST), and stopping outputting of the
logic-high data signal (DATA) and the initializa-
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10

10.

1.

12.

13.

tion voltage so as to charge, in a sensing line
(VREF), a voltage of a sensing node of a driving
transistor (DR) of the sub-pixel (SP); and

a sensing step (4), including turning off the
switching transistor (SW), turning onthe sensing
transistor (ST), stopping outputting of the logic-
high data signal (DATA) and the initialization
voltage, and sensing a voltage of the sensing
line (VREF).

The driving method of claim 9, wherein the sensing
step (4) comprises a compensating step in which the
voltage charged in the sensing line is sensed, it is
determined based on the sensed voltage whether a
short has occurred between two electrodes of the
switching transistor (SW), and a compensation value
for compensating for the subpixel (SP) in which the
short has occurred is generated.

The driving method of claim 9, wherein the compen-
sating step comprises modifying a compensation
value based on coordinates of the sub-pixel having
the switching transistor (ST) in which a short has
occurred, for preventing darkening of other sub-pix-
els (SP) of the display device in surroundings of the
sub-pixel (SP).

The driving method of claim 9 or 11, wherein, when
the sensed voltage is at logic low, it is determined in
the sensing step (4) that a short has occurred be-
tween the two electrodes of the switching transistor
(SW).

The driving method according to any one of claims
9 to 12, wherein the sensing step (4) is performed
during an image display period in which an image is
displayed on a display panel (150) of the display de-
vice or during a power-off sequence period in which
the display panel (150) is power-off.
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