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(57) ABSTRACT

A display device can include a display panel having a
plurality of sub-pixels, a data driver configured to apply a
data signal to the plurality of sub-pixels, a gate driver
configured to apply a gate signal to the plurality of sub-
pixels, a timing controller configured to output control
signals to the data driver and the gate driver, and a power
controller configured to detect a defect associated with the
display panel, and generate and output a defect signal
corresponding on a type of the detected defect. The timing
controller stores defect-related information associated with
the defect signal.
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DISPLAY DEVICE AND DRIVING METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to Korean
Patent Application No. 10-2022-0187619, filed on Dec. 28,
2022 in the Republic of Korea, the entire contents of which
is hereby expressly incorporated by reference into the pres-
ent application.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a display device
and a driving method thereof.

Discussion of the Related Art

[0003] Recently, display devices utilizing self-illuminat-
ing organic light-emitting diodes (OLEDs) have gained
attention due to their advantages such as fast response time,
high luminous efficiency, brightness, and wide viewing
angles.

[0004] These display devices include sub-pixels com-
posed of organic light-emitting diodes (OLEDs) and driving
transistors, which are arranged in a matrix format on the
display panel and control the brightness of sub-pixels
selected through scan signals based on the gradation of the
data.

[0005] These display devices have various signal lines and
signal transmission structures to facilitate their operation.
[0006] When defects such as open or short circuits in the
signal lines, as well as issues with the connection and
bonding of the signal transmission structures, occur, these
display devices can experience a panel burnt phenomenon,
which can cause abnormal operation and damage to the
display panel.

[0007] Therefore, there is a strong need to proactively
detect any defects that lead to the panel burnt phenomenon
before the occurrence of the panel burnt phenomenon.
[0008] In addition, there is a need to accurately identify
and efficiently manage the detected defects that can cause
the panel burnt phenomenon. Through such management,
immediate and appropriate measures can be taken in
response to the occurrence of defects.

SUMMARY OF THE INVENTION

[0009] Embodiments of the present invention provide dis-
play devices and driving methods thereof that are capable of
preventing a panel burnt phenomenon by efficiently man-
aging any detected defects after the defect has been detected.
[0010] Embodiments of the present invention provide dis-
play devices and driving methods thereof that are capable of
efficiently managing defects by determining the cause (e.g.,
type) of defects, generating defect signals based on the cause
of the defect, and storing the defect signals in a defect
management unit.

[0011] Embodiments of the present invention provide dis-
play devices and driving methods thereof that are capable of
allowing for users to easily identify the occurrence timing
and the cause of defects.

[0012] A display device according to an embodiment of
the present invention can include a display panel on which
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a plurality of sub-pixels are arranged, a data driver config-
ured to apply data voltage to the plurality of sub-pixels, a
gate driver configured to apply a gate signal to the plurality
of sub-pixels, a power controller configured to detect a
defect of the display panel and generate and output a defect
signal with a waveform different depending on the type of
the detected defect, and a timing controller configured to
store information on the defect signal in a memory.

[0013] The power controller can generate the defect signal
to have different pulse counts depending on the type of
defect.

[0014] The information on the defect signal can include at
least one of the pulse counts, the occurrence timing of the
defect signal, and the type of the defect.

[0015] The timing controller can identify the type of
defect based on the pulse count.

[0016] The power controller can detect the defect based on
at least one of a sensing value for the display panel, a current
value measured in correspondence to a voltage value of the
gate signal, shutdown information generated by the power
controller, and an internal burnt detection signal input to the
power controller.

[0017] The power controller can include a detect detection
unit configured to detect the defect and output a burnt
detection signal different depending on the type of the
detected defect and a defect signal generation unit config-
ured to output the defect signal corresponding to the burnt
detection signal.

[0018] The timing controller can include the memory
comprising a non-volatile storage medium and a defect
management unit configured to storing the information on
the defect signal in the memory.

[0019] The power controller can output the defect signal to
the timing controller and an external host system.

[0020] A driving method of a display device according to
an embodiment of the present invention drives the display
device including a display panel on which a plurality of
sub-pixels are arranged, a data driver applying data voltage
to the plurality of sub-pixels, a gate driver applying a gate
signal to the plurality of sub-pixels, a power controller
applying a driving voltage to the display panel, and a timing
controller controlling operations of the data driver and the
gate driver.

[0021] The method can include detecting, by the power
controller, a defect of the display panel, outputting, by the
power controller, a defect signal having a waveform differ-
ent depending on the type of the detected defect, and storing,
by the timing controller, information on the defect signal in
the memory.

[0022] The defect signal can be generated to have different
pulse counts depending on the type of the defect.

[0023] The information on the defect signal can include at
least one of the pulse count, occurrence timing of the defect
signal, and type of the defect.

[0024] The method can further include identifying, by the
timing controller, the type of the defect based on the pulse
count.

[0025] The detecting of the defect can include detecting
the defect based on at least one of a sensing value for the
display panel, a current value measured in correspondence to
a voltage value of the gate signal, shutdown information
generated by the power controller, and an internal burnt
detection signal input to the power controller.
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[0026] The method can further include outputting, by the
power controller, the defect signal to an external host
system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention.

[0028] FIG. 1 is a system configuration diagram of a
display device according to an embodiment of the present
invention;

[0029] FIG. 2 is a diagram illustrating an example of an
implementation of a display device according to an embodi-
ment of the present invention;

[0030] FIG. 3 is a diagram illustrating an example of a
sub-pixel configuration of a display device according to an
embodiment of the present invention;

[0031] FIG. 4 is a diagram illustrating an example of a
sub-pixel configuration and compensation circuitry of a
display device according to another embodiment of the
present invention;

[0032] FIG. 5 is a diagram illustrating a threshold voltage
sensing method for a driving transistor of a display device
according to an embodiment of the present invention;
[0033] FIG. 6 is a diagram illustrating a mobility sensing
method for a driving transistor of a display device according
to an embodiment of the present invention;

[0034] FIG. 7 is a diagram illustrating sensing timing of a
display device according to an embodiment of the present
invention;

[0035] FIG. 8 is a diagram illustrating a state check
process using an interface signal between a timing controller
and source drive integrated circuits in a display device
according to an embodiment of the present invention;
[0036] FIG. 9 is a diagram illustrating an example of a
gate voltage transmission in a display device according to an
embodiment of the present invention;

[0037] FIG. 10 is a diagram for explaining a panel burnt
phenomenon in a display device according to an embodi-
ment of the present invention;

[0038] FIG. 11 is a diagram illustrating a system for
preventing a panel burnt phenomenon in a display device
according to an embodiment of the present invention;
[0039] FIG. 12 is diagram illustrating a defect detection
method in a panel burnt phenomenon prevention system of
a display device according to an embodiment of the present
invention;

[0040] FIG. 13 is a diagram illustrating an example of a
matching relationship between defect types and burnt detec-
tion and protection (BDP) signals in a panel burnt phenom-
enon prevention system of a display device according to an
embodiment of the present invention;

[0041] FIG. 14 is a diagram illustrating an example of
defect signals corresponding to BDP signals in a panel burnt
phenomenon prevention system of a display device accord-
ing to an embodiment of the present invention; and

[0042] FIG. 15 is a flowchart illustrating a driving method
of a display device according to an embodiment of the
present invention.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0043] Hereinafter, embodiments of the present invention
will be described with reference to accompanying drawings.
In the specification, when a component (or area, layer, part,
etc.) is mentioned as being “on top of,” “connected to,” or
“coupled to” another component, it means that it can be
directly connected/coupled to the other component, or one
or more third components can be placed between them.
[0044] The same reference numerals refer to the same
components. In addition, in the drawings, the thickness,
proportions, and dimensions of the components are exag-
gerated for effective description of the technical content. The
expression “and/of” is taken to include one or more com-
binations that can be defined by associated components.
[0045] The terms “first,” “second,” etc., are used to
describe various components, but the components should
not be limited by these terms. The terms are used solely for
the purpose of distinguishing one component from another
component, and may not define any order or sequence. For
example, a first component can be referred to as a second
component and, similarly, the second component can be
referred to as the first component, without departing from
the scope of the present invention. As used herein, the
singular forms are intended to include the plural forms as
well, unless the context clearly indicates otherwise.

[0046] The terms such as “below,” “lower,” “above,”
“upper,” etc., are used to describe the relationship of com-
ponents depicted in the drawings. The terms are relative
concepts and are described based on the direction indicated
on the drawing.

[0047] It will be further understood that the terms “com-
prises,” “has,” “includes,” and the like are intended to
specify the presence of stated features, numbers, steps,
operations, components, parts, or a combination thereof but
are not intended to preclude the presence or possibility of
one or more other features, numbers, steps, operations,
components, parts, or combinations thereof.

[0048] Further, all components of each display device
according to all embodiments of the present invention are
operatively coupled and configured.

[0049] FIG. 1 is a system configuration diagram of a
display device 100 according to an embodiment of the
present invention, and FIG. 2 is a diagram illustrating an
example implementation of the display device 100 accord-
ing to an embodiment of the present invention.

[0050] With reference to FIG. 1, the display device 100
according to an embodiment of the present invention
includes a display panel 110 in which a plurality of sub-
pixels SP defined by a plurality of data lines DLL1 to DLm
and a plurality of gate lines GL.1 to GLn that are arranged
thereon in the form of a matrix, a data driver 120 for driving
the plurality of data lines DL.1 to DLm, a gate driver 130 for
driving the plurality of gate lines GL.1 to GLn, and a timing
controller 140 for controlling the data driver 120 and gate
driver 130. Here, each of m and n can be a positive number
such as a positive integer.

[0051] The timing controller 140 supplies various control
signals to the data driver 120 and gate driver 130 to control
the data driver 120 and gate driver 130.

[0052] The timing controller 140 determines the timing for
initiating scanning in each frame, converts the input video
data received from external sources into the data signal
format used by the data driver 120, outputs the converted
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video data, and controls the data driving at appropriate times
synchronized with the scanning process.

[0053] The data driver 120 drives the plurality of data
lines D11 to DLm by supplying data voltages to the plurality
of data lines DL1 to DLm. The data driver 120 is also
referred to as the “source driver.”

[0054] The gate driver 130 sequentially supplies scanning
signals to the plurality of gate lines GL1 to GLn, thereby
sequentially driving the gate lines. The gate driver 130 is
also known as the “scan driver.”

[0055] Under the control of the timing controller 140, the
gate driver 130 supplies scanning signals of on or off
voltages to the plurality of gate lines GL.1 to GLn in a
sequential manner.

[0056] When a specific gate line is turned on by the gate
driver 130, the data driver 120 converts the received video
data, which is in digital form, into analog data voltages and
supplies the analog data voltages to the plurality of data lines
DL1 to DLm.

[0057] Although the data driver 120 is located only on one
side (e.g., top or bottom) of the display panel 110 in FIG. 1,
it can also be positioned on both sides (e.g., top and bottom)
of the display panel 110 or can be positioned on a different
side of the display panel 110, depending on the driving
method and panel design.

[0058] Although the gate driver 130 is located on one side
(e.g., left or right) of the display panel 110 in FIG. 1, it can
also be positioned on both sides (e.g., left and right) of the
display panel 110 or can be positioned on a different side of
the display panel 110, depending on the driving method and
panel design.

[0059] The timing controller 140 receives various timing
signals including vertical sync signals, horizontal sync sig-
nals, input data enable signals, and clock signals, along with
the input video data from an external source (e.g., host
system).

[0060] To control the data driver 120 and gate driver 130,
the timing controller 140 generates various control signals
based on the timing signals such as vertical sync signals,
horizontal sync signals, input data enable (DE) signals, and
clock signals, and outputs the generated signals to the data
driver 120 and gate driver 130.

[0061] For example, the timing controller 140 outputs
various gate control signals GCS including a gate start pulse
signal, a gate shift clock signal, and a gate output enable
signal to control the gate driver 130.

[0062] The timing controller 140 also outputs various data
control signals DCS including a source start pulse signal, a
source sampling clock signal, and a source output enable
signal to control the data driver 120.

[0063] With reference to FIG. 2, the data driver 120 can
include at least one source driver integrated circuit SDIC to
drive the plurality of data lines DL.1 to DLm.

[0064] Each source driver integrated circuit SDIC can be
connected to the bonding pads of the display panel 110 using
tape-automated-bonding (TAB) or chip-on-glass (COG)
techniques or directly placed on the display panel 110 or, in
some cases, integrated within the display panel 110, depend-
ing on the specific configuration. Further, each source driver
integrated circuit SDIC can be implemented using a chip-
on-film (COF) method, which is mounted on a source-side
film FS connected to the display panel 110, as shown in FIG.
2.
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[0065] Each source driver integrated circuit SDIC can
include components such as a shift register, a latch circuit,
a digital-to-analog converter (DAC), and an output buffer.

[0066] Each source driver integrated circuit SDIC may, in
some cases, include an analog-to-digital converter ADC.

[0067] The gate driver 130 can include at least one gate
driver integrated circuit GDIC to drive the plurality of gate
lines GL.1 to GLn. Each gate driver integrated circuit GDIC
can be connected to the bonding pad of the display panel 110
using tape-automated bonding (TAB) or chip-on-glass
(COQG) techniques or directly placed on the display panel
110 by being implemented as a gate-in-panel (GIP) type or,
in some cases, integrated within the display panel 110.
Furthermore, each gate driver integrated circuit GDIC can
be implemented using a chip-on-film (COF) method, where
it is mounted on a gate-side film FG connected to the display
panel 110, as shown in FIG. 2. Each gate driver integrated
circuit GDIC can include components such as a shift register
and a level shifter.

[0068] In an embodiment of the present invention, the
display device 100 can include at least one source printed
circuit board S-PCB for the circuit connection of at least one
source driver integrated circuit SDIC, and a control printed
circuit board C-PCB for mounting control components and
various electrical devices. The at least one source printed
circuit board S-PCB can accommodate at least one source
driver integrated circuit SDIC or can be connected to the
source-side film(s) FS where at least one source driver
integrated circuit SDIC is mounted.

[0069] The control printed circuit board C-PCB can
include the timing controller 140 for controlling the opera-
tion of the data driver 120 and gate driver 130, and a power
controller for supplying various voltages or currents to the
display panel 110, data driver 120, and gate driver 130 or
controlling the supply of various voltages or currents. The at
least one source printed circuit board S-PCB and the control
printed circuit board C-PCB can be electrically connected to
each other through at least one flexible flat cable FFC1.

[0070] The display device 100 can also include a main
printed circuit board M-PCB for accommodating a main
controller M-CON and other components in addition to the
at least one source printed circuit board S-PCB and the
control printed circuit board C-PCB. The main printed
circuit board M-PCB can be connected to the control printed
circuit board C-PCB through at least one flexible flat cable
FFC2. The at least one of the source printed circuit board
S-PCB, the control printed circuit board C-PCB and the
main printed circuit board M-PCB can be integrated into a
single printed circuit board.

[0071] Each sub-pixel SP arranged on the display panel
110 can be composed of circuit components such as tran-
sistors. For example, each sub-pixel SP can include an
organic light-emitting diode OLED and a driving transistor
to operate the organic light-emitting diode OLED. The
types, configurations and quantities of circuit components
constituting each sub-pixel SP can vary depending on the
desired functions and design approach.

[0072] FIG. 3 is a diagram illustrating an example of a
configuration of a sub-pixel SP of a display device 100
according to an embodiment of the present invention. For
instance, the sub-pixel SP’s configuration of FIG. 3 can be
applied to each sub-pixel SP in the display device of FIGS.
1-2 or in any other display device of the present invention.
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[0073] With reference to FIG. 3, the sub-pixel of the
display device 100 according to an embodiment of the
present invention can be configured to include an organic
light-emitting diode OLED, a driving transistor DRT that
drives the organic light-emitting diode OLED, a switching
transistor SWT that transfers a data voltage to the gate node
(second node N2) of the driving transistor DRT, and a
storage capacitor Cstg that maintains the data voltage cor-
responding to a video signal voltage or the corresponding
voltage for one frame duration.

[0074] The organic light-emitting diode OLED can
include a first electrode (e.g., anode electrode), an organic
layer, and a second electrode (e.g., cathode electrode), but
can have other configurations.

[0075] The driving transistor DRT drives the organic light-
emitting diode OLED by supplying driving current to the
organic light-emitting diode OLED. The second node N1 of
the driving transistor DRT can be electrically connected to
the first electrode of the organic light-emitting diode OLED
and can be the source node or the drain node. The second
node N2 is electrically connected to the source node or the
drain node of the switching transistor SWT and can be the
gate node. The third node N3 can be electrically connected
to a driving voltage line DVL for supplying a high-potential
driving voltage EVDD and can be the drain node or the
source node.

[0076] The first transistor SWT is electrically connected
between the corresponding data line DL and the second node
N2 of the driving transistor DRT and is controlled by a scan
signal SCAN received through the corresponding gate line
and applied at the gate node thereof. The first transistor SWT
is turned on by the scan signal SCAN and can transmit the
data voltage Vdata supplied through the data line DL to the
second node N2 of the driving transistor DRT.

[0077] The storage capacitor Cst can be electrically con-
nected between a first node N1 and the second node N2 of
the driving transistor DRT. The storage capacitor Cstg can be
an external capacitor intentionally designed outside the
driving transistor DRT rather than an internal capacitor such
as parasitic capacitors (e.g., Cgs and Cgd) existing between
the first node N1 and the second node N2 of the driving
transistor DRT.

[0078] Meanwhile, in the display device 100 according to
an embodiment of the present invention, as the driving time
of each sub-pixel SP increases, there may be a degradation
of circuit components such as the organic light-emitting
diodes OLED and driving transistor DRT. As a result, the
intrinsic characteristic values of the circuit components can
change. These characteristic values can include the thresh-
old voltage and mobility of the driving transistor DRT and
the threshold voltage of the organic light-emitting diode
OLED. Such changes in the characteristic values of the
circuit components can lead to variations in the luminance of
the corresponding sub-pixels, which can cause a decrease in
the uniformity of brightness in the display panel 110 and a
deterioration of image quality.

[0079] To address this issue, the display device 100
according to an embodiment of the present invention can
provide sensing functionality to sense the characteristic
values or changes in the characteristic values of the circuit
components and compensation functionality to compensate
for the characteristic value deviations between circuit com-
ponents based on the sensing results. This configuration will
now be discussed referring to FIG. 4.
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[0080] FIG. 4 is a diagram illustrating an example of a
sub-pixel configuration and compensation circuitry of the
display device 100 according to another embodiment of the
present invention. As an example, the sub-pixel configura-
tion of FIG. 4 can be applied to each sub-pixel SP in any
display device of the present invention.

[0081] With reference to FIG. 4, each sub-pixel arranged
in the display panel 110 according to this embodiment of the
present invention can include a sensing transistor SENT in
addition to the organic light-emitting diode OLED, the
driving transistor, DRT, the switching transistor SWT, and
the storage capacitor Cstg.

[0082] The sensing transistor SENT can be electrically
connected between the first node N1 of the driving transistor
DRT and a reference voltage line RVL supplying a reference
voltage Vref and can be controlled by a sensing signal
SENSE as a type of scan signal applied to the gate node
thereof. The sensing transistor SENT turns on in response to
the sensing signal SENSE and applies the reference voltage
Vref supplied through the readout line (reference voltage
line) RVL to the first node N1 of the driving transistor DRT.
The sensing transistor SENT can also serve as one of the
voltage sensing paths for the first node N1 of the driving
transistor DRT.

[0083] In an embodiment of the present invention, the
scan signal SCAN and the sensing signal SENSE can be
separate gate signals. In this case, the scan signal SCAN and
the sensing signal SENSE can be applied to the gate nodes
of the switching transistor SWT and the sensing transistor
SENT, respectively, through different gate lines. In another
embodiment of the present invention, the scan signal SCAN
and the sensing signal SENSE can be the same gate signal.
In this case, the scan signal SCAN and the sensing signal
SENSE can be commonly applied to the gate nodes of both
the switching transistor SWT and the sensing transistor
SENT through the same gate line.

[0084] The driving transistor DRT, the switching transistor
SWT, and the sensing transistor SENT can each be imple-
mented as an n-type or p-type transistor.

[0085] With reference to FIG. 4, the display device 100
according to an embodiment of the present invention can
further include a sensing unit 310 for measuring voltages to
sense sub-pixel characteristic values (e.g., characteristic
values of the driving transistor DRT and organic light-
emitting diode OLED) or changes in the characteristic
values and outputting sensing data including sensing values
obtained by converting the measured voltages to digital
values, a memory (or storage unit) 320 for storing the
sensing data, and a compensation unit 330 for performing
compensation processes to analyze the sub-pixel character-
istic values or changes in the sub-pixel characteristic values
based on the sensing data and compensate for any charac-
teristic value deviation between sub-pixels.

[0086] The sensing unit 310 can be configured to include
at least one analog-to-digital converter (ADC). The at least
one analog-to-digital converter (ADC) can be included
within the source driver integrated circuit SDIC or posi-
tioned outside the source driver integrated circuit SDIC,
depending on the case or configuration. The sensing data
output from the sensing unit 310 can have a low voltage
differential signaling (LVDS) data format as an example.
[0087] The compensation unit 330 can be included inter-
nally or externally to the timing controller 140 depending on
the case or configuration.
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[0088] In an embodiment of the present invention, the
display device 100 (e.g., the SDIC) can include a first switch
SWI1 that controls the supply of the reference voltage Vref
to the reference voltage line RVL for controlling the sensing
operation, and a second switch SW2 that switches the
connection between the reference voltage line RVL and the
sensing unit 310.

[0089] When the first switch SW1 is turned on, the refer-
ence voltage Vref is supplied to the reference voltage line
RVL. The reference voltage Vref supplied to the reference
voltage line RVL can be applied to the first node N1 of the
driving transistor DRT through the turned-on sensing tran-
sistor SENT.

[0090] Furthermore, when the voltage at the first node N1
of the driving transistor DRT reaches a voltage state reflect-
ing the sub-pixel characteristics, the voltage on the reference
voltage line RVL can also be in a voltage state reflecting the
sub-pixel characteristics. In this case, the voltage reflecting
the sub-pixel characteristics can be charged to the line
capacitor formed on the reference voltage line RVL. In other
words, when the sensing transistor SENT is turned on, the
voltage at the first node N1 of the driving transistor DRT can
be the same as the voltage charged to the line capacitor
formed on the reference voltage line RVL.

[0091] When the voltage at the first node N1 of the driving
transistor DRT reaches a voltage state reflecting the sub-
pixel characteristics, the second switch SW2 can be turned
on, allowing the sensing unit 310 to be connected to the
reference voltage line RVL. Accordingly, the sensing unit
310 can sense the voltage of the reference voltage line RVL
in the voltage state reflecting the sub-pixel characteristics. In
the regard, the reference voltage line RVL is also referred to
as a “sensing line.” That is, the sensing unit 310 senses the
voltage at the first node N1 of the driving transistor DRT.
[0092] This reference voltage line RVL, for example, can
be per sub-pixel column or per two or more sub-pixel
columns. For instance, in the case where one pixel is
composed of four sub-pixels (e.g., red sub-pixel, white
sub-pixel, green sub-pixel, blue sub-pixel), the reference
voltage line RVL can be arranged with one line per pixel
column containing four sub-pixel columns (e.g., red sub-
pixel column, white sub-pixel column, green sub-pixel col-
umn, blue sub-pixel column).

[0093] In the case of sensing the threshold voltage of the
driving transistor DRT, the voltage sensed by the sensing
unit 310 can be a voltage value (Vdata-Vth or Vdata-AVth)
including the threshold voltage (Vth) or threshold voltage
variation (AVth) of the driving transistor DRT. Meanwhile,
in the case of sensing the mobility of the driving transistor
DRT, the voltage sensed by the sensing unit 310 can be a
voltage value representing the mobility of the driving tran-
sistor DRT.

[0094] Hereinafter, descriptions are briefly made of the
threshold voltage sensing operation and mobility sensing
operation for the driving transistor DRT (e.g., of FIG. 4)
according to an embodiment of the present invention.
[0095] In this regard, FIG. 5 is a diagram for explaining a
threshold voltage sensing method for a driving transistor of
a display device 100 according to an embodiment of the
present invention.

[0096] Referring to FIG. 5, when the threshold voltage
sensing operation is initiated for the driving transistor DRT,
the first node N1 and the second node N2 of the driving
transistor DRT are initialized respectively with the reference
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voltage Vref and the data voltage Vdata for threshold voltage
sensing. Subsequently, when the first switch SW1 (e.g., in
FIG. 4) is turned off, the first node N1 of the driving
transistor DRT becomes floating. As a result, the voltage at
the first node N1 of the driving transistor DRT increases.
[0097] The voltage at the first node N1 of the driving
transistor DRT increases until it saturates, gradually reduc-
ing the magnitude of the voltage increase. The saturated
voltage at the first node N1 of the driving transistor DRT can
correspond to the difference between the data voltage Vdata
and the threshold voltage Vth or the difference between the
data voltage Vdata and the threshold voltage variation AVth.
[0098] Once the voltage at the first node N1 of the driving
transistor DRT saturates, the saturated voltage is sensed by
the sensing unit 310.

[0099] The sensed voltage Vsen by the sensing unit 310
can be the voltage obtained by subtracting the threshold
voltage Vth from the data voltage Vdata (Vdata-Vth) or the
voltage obtained by subtracting the threshold voltage varia-
tion AVth from the data voltage Vdata (Vdata-AVth).
[0100] FIG. 6 is a diagram illustrating a mobility sensing
method for a driving transistor of a display device 100
according to an embodiment of the present invention.
[0101] Referring to FIG. 6, when the mobility sensing
operation is initiated, the first node N1 and the second node
N2 of the driving transistor DRT (e.g., in FIG. 4) are
respectively initialized with the reference voltage Vref and
the data voltage Vdata for mobility sensing.

[0102] Subsequently, the first switch SW1 is turned off,
causing the first node N1 of the driving transistor DRT to
float. In this case, the switching transistor SWT can be
turned off, allowing the second node N2 of the driving
transistor DRT to also float. As a result, the voltage at the
first node N1 of the driving transistor DRT begins to rise.
The rate of voltage rises during a specific period of time at
the first node N1 of the driving transistor DRT, which is
indicated by the voltage rise magnitude AV, depends on
current-carrying capacity, i.e., mobility, of the driving tran-
sistor DRT. For example, a driving transistor DRT with
higher current-carrying capacity (mobility) will exhibit a
steeper voltage rise at the first node N1, resulting in a larger
voltage rise magnitude AV during the specified time period.
[0103] After the voltage at the first node N1 of the driving
transistor DRT has risen for the predetermined time dura-
tion, the sensing unit 310 senses the elevated voltage at the
first node N1 (i.e., the voltage on the reference voltage line
RVL increased along with the voltage rise at the first node
N1 of the driving transistor DRT).

[0104] Based on the threshold voltage and/or mobility
sensing operation as described above, the sensing unit 310
converts the sensed voltage Vsen into a digital value and
generates and outputs sensing data including the converted
digital value (sensing value). The sensing data outputted
from the sensing unit 310 can be stored in the memory 320
or provided to the compensation unit 330.

[0105] The compensation unit 330 can determine the
characteristic values (e.g., threshold voltage and mobility) of
the driving transistor DRT within the corresponding sub-
pixel or changes in the characteristic values based on the
sensing data stored in the memory 320 or provided by the
sensing unit 310 and perform a characteristic value com-
pensation process.

[0106] Here, the changes in the characteristic values of the
driving transistor DRT can refer to the change in the current
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sensing data compared to the previous sensing data, or the
change in the current sensing data compared to the reference
compensation data.

[0107] By comparing the characteristic values or changes
in the characteristic values between driving transistors DRT,
the compensation unit 330 can determine the deviations in
characteristic values among the driving transistors DRT.
When the changes in characteristic values of the driving
transistor DRT refer to the change in the current sensing data
compared to the reference sensing data, it is possible to
determine the deviations in characteristic values (i.e., sub-
pixel luminance deviations) among the driving transistors
DRT based on the changes in the characteristic values of the
driving transistors DRT.

[0108] The characteristic value compensation process can
include a threshold voltage compensation process for com-
pensating the threshold voltage of the driving transistor DRT
and a mobility compensation process for compensating the
mobility of the driving transistor DRT.

[0109] The threshold voltage compensation process
involves calculating compensation values for the threshold
voltage or threshold voltage deviation (threshold voltage
variation) and storing the calculated compensation values in
the memory 320 or modifying the corresponding video data
Data using the computed compensation values.

[0110] The mobility compensation process involves cal-
culating compensation values for the mobility or threshold
mobility deviation (mobility variation) and storing the cal-
culated compensation values in the memory 320 or modi-
fying the corresponding video data Data using the computed
compensation values.

[0111] The compensation unit 330 can modify the video
data Data through the threshold voltage compensation or
mobility compensation and supply the modified data to the
corresponding source driver integrated circuit SDIC within
the data driver 120. Consequently, the source driver inte-
grated circuit SDIC converts the data modified by the
compensation unit 330 into a data voltage via a digital-to-
analog converter (DAC) 340 and supplies the data voltage to
the corresponding sub-pixel, allowing for actual compensa-
tion of sub-pixel characteristic values (e.g., threshold volt-
age compensation and/or mobility compensation). The sub-
pixel characteristic value compensation helps reduce or
prevent luminance deviations among the sub-pixels, leading
to an improvement in the uniformity of luminance across the
display panel 110 and the overall image quality.

[0112] FIG. 7 is a diagram illustrating an example of a
sensing timing of a display device 100 according to an
embodiment of the present invention.

[0113] With reference to FIG. 7, the display device 100
can perform sensing of the characteristic values of circuit
components within each sub-pixel of the display panel 110
upon detection of a power-off signal generated in response
to a user input or the like. This sensing process that occurs
after the power-off signal is generated can be called “off-
sensing.”

[0114] Meanwhile, the display device 100 according to an
embodiment of the present invention can perform sensing of
the characteristic values of circuit components within each
sub-pixel upon detection of a power-on signal but before the
display driving begins. This sensing process that occurs after
the power-on signal is generated before the display driving
can be called “on-sensing.”
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[0115] Furthermore, the display device 100 according to
an embodiment of the present invention can perform sensing
of the characteristic values of circuit components within
each sub-pixel during the display driving (e.g., when the
display panel is driven to display images). This sensing
process that occurs during the display driving is referred to
as “real-time sensing” or “RT sensing.” The real-time sens-
ing takes place at each blank time between active times,
which is determined by the vertical sync signal.

[0116] Meanwhile, when one or more of the signal lines
(DL, RVL, GL, and DVL) arranged on the display panel 110
are open or when two or more signal lines are shorted, the
sensing values can be obtained abnormally. Accordingly,
when the difference between the sensing values obtained
through the sensing process described above and the refer-
ence sensing values (sensing value obtained when the signal
lines are in a normal state) exceeds a predetermined range,
it is possible to determine that there is a defect on the signal
lines.

[0117] FIG. 8 is a diagram illustrating a state check
process using an interface signal between a timing controller
140 and source drive integrated circuits SDIC1 to SDIC6 in
a display device according to an embodiment of the present
invention. For the convenience of the explanation, in this
example, it is assumed that the data driver 120 includes six
source driver integrated circuits SDIC1 to SDIC6.

[0118] According to this embodiment of the present inven-
tion, the display device 100 includes interfaces such as an
enhanced parallel interface (EPI) and low-voltage differen-
tial signaling LVDS interface between the timing controller
140 and the six source driver integrated circuits SDIC1 to
SDIC6 to facilitate the transmission of signals such as video
data, sensing data, and various control signals.

[0119] With reference to FIG. 8, the timing controller 140
transmits an interface signal through the interface to the
outermost source driver integrated circuit SDIC1 among the
six source driver integrated circuits SDIC1 to SDICé6 to
determine whether each of the six source driver integrated
circuits SDIC1 to SDIC6 is in a normal state for performing
data driving.

[0120] The first source driver integrated circuit SDIC1 can
transmit one of a high-level interface signal indicative of its
normality and a low-level interface signal indicative of its
abnormality to the next SDIC2.

[0121] When receiving a low-level interface signal from
the first source driver integrated circuit SDIC1, the second
source driver integrated circuit SDIC2 can forward the
low-level interface signal to the third source driver inte-
grated circuit SDIC3, regardless of its own state. On the
other hand, when receiving a high-level interface signal
from the first source driver integrated circuit SDIC1, the
second source driver integrated circuit SDIC2 can transmit
one of a high-level interface signal indicative of its own
normality and a low-level interface signal indicative of its
own abnormality to the third source driver integrated circuit
SDIC3. For instance, when the high-level interface signal
(normal state) is received from the first source driver inte-
grated circuit SDIC1, the second source driver integrated
circuit SDIC2 does not forward the received high-level
interface signal, but generates its own high-level interface
signal or low-level interface signal indicating the normal/
abnormal state of the second source driver integrated circuit
SDIC2 and transmits that signal to the third source driver
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integrated circuit SDIC3. This process is continued in the
subsequent source driver integrated circuits SDIC3, SDIC4,
SDICS, etc.

[0122] According to the above-described interface trans-
mission method, when all six source driver integrated cir-
cuits SDIC1 to SDIC6 are in a normal state, the outermost
sixth source driver integrated circuit SDIC6 on the other side
can output a high-level interface signal to the timing con-
troller 140. If the high-level interface signal from the sixth
source driver integrated circuit SDIC6 is received, the
timing controller 140 recognizes it to mean that all six
source driver integrated circuits SDIC1 to SDIC6 are in
normal states and are capable of performing data driving
properly.

[0123] According to the above-described interface trans-
mission method, when any of the six source driver integrated
circuits SDIC1 to SDIC6 is in an abnormal state, the
outermost sixth source driver integrated circuit SDIC6 on
the other side can output a low-level interface signal to the
timing controller 140. When such a signal is received, the
timing controller 140 recognizes it to mean that at least one
of the six source driver integrated circuits SDIC1 to SDIC6
is in an abnormal state and is unable to perform data driving
properly. As a variation, when one of the five source driver
integrated circuits SDIC1 to SDICS is in an abnormal state
and generates a low-level interface signal, then the next one
among the six source driver integrated circuits SDIC1 to
SDIC6 can stop its own normal/abnormal checking and can
merely pass the received low-level interface signal to the
next source driver integrated circuit and so on, so that at the
end, the sixth source driver integrated circuit SDIC6 basi-
cally forwards the received low-level interface signal to the
timing controller 140.

[0124] Furthermore, the timing controller 140 can receive
a low-level interface signal from the sixth source driver
integrated circuit SDIC6, not only when at least one of the
six source driver integrated circuits SDIC1 to SDIC6 is in an
abnormal state but also when the connectivity of the flexible
flat cable FFC1 between the source printed circuit board
S-PCB and the control printed circuit board C-PCB is faulty
or has an issue.

[0125] In the present specification, the interface signal
(e.g., high-level or low-level interface signal discussed
above) can be, for example, a lock signal.

[0126] FIG. 9 is a diagram illustrating an example of a
gate voltage transmission in a display device 100 according
to an embodiment of the present invention. For convenience
of'the explanation, as an example, it is assumed that the gate
driver 130 includes five gate integrated circuits GDIC1 to
GDICS, but other variations are possible.

[0127] With reference to FIG. 9, the power controller 900
located on the control printed circuit board C-PCB outputs
the gate voltages VGH and VGL needed for gate driving.
The gate voltages VGH and VGL outputted from the power
controller 900 enter the display panel 110 via the control
printed circuit board C-PCB, the source printed circuit board
S-PCB, and the source-side film FS on which the source
driver integrated circuits SDICs are mounted. The gate
voltages VGH and VGL entering the display panel 110 are
then delivered to the five gate integrated circuits GDIC1 to
GDICS through gate voltage lines on the display panel 110.
[0128] Each of the five gate integrated circuits, GDIC1 to
GDICS generates and outputs gate signals SCAN and
SENSE based on the received gate voltages VGH and VGL.
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However, when there is an abnormality in the gate voltages
VGH and VGL, each of the five gate integrated circuits
GDIC1 to GDIC5 may not be able to perform normal gate
driving.

[0129] Therefore, in an embodiment of the present inven-
tion, the display device 100 can determine the presence of
abnormalities in the gate voltages VGH and VGL that are
entering the display panel 110. For example, the display
device 100 according to an embodiment of the present
invention can utilize circuits such as comparators to sense
the current corresponding to the gate voltages VGH and
VGL when they actually enter the display panel 110 and
compare the sensed current with a reference current corre-
sponding to the normal current, in order to determine
whether or not the current corresponding to the gate voltages
VGH and VGL that are actually entering the display panel
110 is abnormal (e.g., overcurrent).

[0130] When it is detected that the current corresponding
to the gate voltages VGH and VGL is determined to be
abnormal, it can mean a presence of a defect in at least one
of the gate voltage lines on the display panel 110, the
gate-side film FG, the source-side film FS, the source printed
circuit board S-PCB, the flexible flat cable FFC1, or the
control printed circuit board C-PCB.

[0131] FIG. 10 is a diagram for explaining a panel burnt
phenomenon in a display device 100 according to an
embodiment of the present invention.

[0132] With reference to FIG. 10, the display panel 110 of
the display device 100 can experience panel burnt phenom-
ena that can be caused by various types of defects. The panel
burnt phenomenon can occur due to various defects, which
can include but are not limited to, short or open circuits in
the signal lines, DL, GL, DVL, RVL, gate voltage wiring,
etc., located on the display panel 110, bonding errors
between the display panel 110 and the gate-side film FG or
source-side film FS, a loose connection of the flexible flat
cable FFC1 causing electrical connection issues between the
source printed circuit board S-PCB and the control printed
circuit board C-PCB, a loose connection of the flexible flat
cable FFC2 causing electrical connection issues between the
control printed circuit board C-PCB and the main printed
circuit board M-PCB, etc.

[0133] In the presence of such defects, the display panel
110 can experience a panel burnt phenomenon and may not
function properly. Moreover, the display device 100 can
malfunction and, in very extreme cases, can even lead to fire
incidents.

[0134] Therefore, it is needed to proactively detect and
manage the defects that lead to the panel burnt phenomenon,
so that the panel burnt phenomenon does not occur. More-
over, efficient management of potential defects that could
result in a panel burnt phenomenon is also needed. This
facilitates prompt and suitable response measures in the
event of such a defect occurrence.

[0135] The display device 100 according to an embodi-
ment of the present invention can incorporate a method for
managing defects efficiently by generating, upon detection
of a defect, a burnt detection and protection signal BDP
corresponding to the type (e.g., cause) of the defect.

[0136] Hereinafter, a method and system for preventing a
panel burnt phenomenon according to one or more embodi-
ments of the present invention is described in detail.
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[0137] Particularly, FIG. 11 is a diagram illustrating an
example of a system for preventing a panel burnt phenom-
enon in a display device 100 according to an embodiment of
the present invention.

[0138] With reference to FIG. 11, the panel burn preven-
tion system in the display device 100 includes a defect
detection unit 1110, a defect signal generation unit 1120, and
a defect management unit 1130. In an embodiment of the
present invention, the defect detection unit 1110 and the
defect signal generation unit 1120 can be integrated within
or can be provided in the power controller 900. The defect
management unit 1130 can be included in the timing con-
troller 140.

[0139] The defect detection unit 1110 detects defects in the
display device 100. For example, the defect detection unit
1110 can detect defects in the signal lines inside or outside
the display panel 110 or defects related to the malfunction of
the display panel 110. Furthermore, the defect detection unit
1110 generates and outputs burnt detection and protection
signals BDPs corresponding to the type of detected defects.
In an embodiment of the present invention, the defect
detection unit 1110 can output the BDP signal to an external
host system (e.g., an external device communicating with
the display device or the power controller 900), e.g., wire-
lessly.

[0140] Specifically, the defect signal generation unit 1120
generates and transmits defect signals DS with different
signal waveforms corresponding to the detected defects
(e.g., types of defects). Here, the different signal waveforms
can be, for example, waveforms with varying pulse counts
(e.g., rising edge count, high/low-level interval count, etc.).

[0141] The defect management unit 1130 can store and
manage information related to the defect signals DS. The
information on the defect signal DS can include the occur-
rence time of each defect signal DS (e.g., indicative of when
a defect is generated or detected) and the waveform of each
defect signal DS (e.g., indicative of a specific type of defect).
In an embodiment of the present invention, the defect
management unit 1130 receives the defect signal DS, ana-
lyzes the waveform of the received defect signal DS to
determine or recognize the type of defect, and stores the
determined result in the memory 1140 for management. The
memory 1140 can be a non-volatile storage medium that
retains data even when the power of the display device is
turned off, and it can be implemented as, e.g., a negative and
direct (NAND) memory. However, the memory 1140 is not
limited thereto and can be of a different type.

[0142] By using the above-described panel burn preven-
tion system, users of the display device 100 or another
apparatus/system capable of communicating with the dis-
play device 100 can identify the occurrence timing, cause,
and location of defects based on the stored information or
the determined result from the defect management unit
1130. This allows for appropriate measures to be taken in
response to detected defects, according to the type of the
defect detected.

[0143] In one embodiment, the defect management unit
1130 can perform power-off processing based on the recog-
nized defect type. For example, the defect management unit
1130 can perform power-off processing for the drive voltage
EVDD of an organic light-emitting diode OLED of the
display panel 110. Through such power-off processing by
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the defect management unit 1130, it is possible to prevent
the panel burnt phenomenon on the display panel 110
proactively.

[0144] In an embodiment of the present invention, the
defect detection unit 1110 and defect signal generation unit
1120 can be included in the timing controller 140 on the
control printed circuit board C-PCB, as an example. The
defect management unit 1130 can be located on the main
printed circuit board M-PCB) and, in some cases, can be
integrated into the internal components of the main control-
ler M-CON on the main printed circuit board M-PCB.
[0145] FIG. 12 is a diagram illustrating a defect detection
method in a panel burnt phenomenon prevention system of
a display device 100 according to an embodiment of the
present invention.

[0146] With reference to FIG. 12, the defect detection unit
1110 can detect various defects in the display panel 110
based on at least one of sensing values obtained during
on-sensing, real-time sensing, or off-sensing of the display
panel 110, voltage values (e.g., gate voltage such as VGH/
VGL) in the display panel 110, current values (e.g., gate
voltage current) in the display panel 110, information on the
occurrence of protection operation such as a shutdown
operation in the power controller 900, and an internal burnt
detection signal (hereinafter referred to as INBDP or INBDP
signal) received from the timing controller 140 and/or the
display panel 110.

[0147] The defect detection unit 1110 can determine
whether or not the sensing value obtained from on-sensing,
real-time (RT) sensing, or off-sensing of the display panel
110 has fallen within a normal sensing value range and
identify the occurrence of a defect if the sensing value has
fallen outside the normal sensing value range.

[0148] Furthermore, the defect detection unit 1110 can
compare the voltage value (e.g., gate voltage) or current
value (e.g., gate voltage current) in the display panel 110
with a reference voltage value or reference current value and
identify, when a difference thereof is detected, the occur-
rence of a defect on the corresponding signal line supplying
the voltage or current or the location where the correspond-
ing signal line is arranged.

[0149] Additionally, the defect detection unit 1110 can
determine the occurrence of an open or short circuit defect
based on the INBDP signal received from the timing con-
troller 140 and/or the gate driver integrated circuit GDIC in
the display panel 110. In an embodiment of the present
invention, if the INBDP signal has a level below a prede-
termined normal range, the defect determination unit 1210
can determine that an open defect (e.g., an open circuit
defect) has occurred. Conversely, if the INBDP signal has a
level exceeding the predetermined normal range, the defect
determination unit 1210 can determine that a short defect
(e.g., a short circuit defect) has occurred.

[0150] In an embodiment of the present invention, the
INBDP signal can be input to the defect detection unit 1110
when a line defect LD is detected based on sensing value
acquired through real-time (RT) sensing, when a lock signal
(e.g., low-level lock signal or low-level interface signal) is
detected through an internal interface such as the EPI
interface as described with reference to FIG. 8, when over-
current occurs in the level shifter within a gate driver
integrated circuit GDIC, or when cracks are detected at the
edges of the display panel 110. These types of defects are
shown in FIG. 13 which will be discussed more later.
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[0151] Furthermore, the defect detection unit 1110 can
determine the occurrence of a shutdown defect (e.g., shut-
down operation defect) when a power protection operation
(e.g., shutdown), performed by the power controller 900 or
the gamma voltage generator due to various causes or other
defects, is not performed properly or is repeated a predeter-
mined number of times which can indicate a presence of a
defect.

[0152] As described above, the defect detection unit 1110
can efficiently detect various types of defects that can occur
at various timings and locations in the display device 100 by
using various methods to identify potential defects in the
display device 100.

[0153] Accordingly, the defect detection unit 1110 can
then output corresponding BDP signals based on the
detected defect types.

[0154] FIG. 13 is a diagram illustrating a matching rela-
tionship between defect types and BDP signals in a panel
burnt phenomenon prevention system of a display device
100 according to an embodiment of the present invention.
The defect defection unit 1110 can output one of BDP
signals (“BDP” in the last column of the chart in FIG. 13)
to the defect signal generation unit 1120 which in turn
generates a defect signal DS corresponding to the received
BDP signal.

[0155] With reference to FIGS. 11-13, the defect detection
unit 1110 can output a 0 BDP signal, a comparator BDP
signal or no BDP signal when the detected defect is caused
by the sensing value obtained from on-sensing, real-time
(RT) sensing, or off-sensing of the display panel 110 falling
outside the normal sensing value range, for example, when
the EVSS voltage exceeds a predetermined level.

[0156] Furthermore, the defect detection unit 1110 can
output one of first to fourth BDP signals VGH1 BDP, VGL1
BDP, VGL2 BDP, and VGLUD BDP, and an eighth BDP
signal VGH2 BDP, when the detected defect is caused by the
current corresponding to the gate voltages VGH and VGL
used in the gate driver 130 exceeding the abnormal current
(e.g., overcurrent protection OCP) level. For instance, when
the overcurrent in the power management IC (PMIC) output
(e.g., VGH, VGL) occurs, then the defect detection unit 1110
can output one of the BDP signals VGH1 BDP, VGL1 BDP,
VGL2 BDP, VGLUD BDP, VGH2 BDP, etc.

[0157] More specifically, 24 or example, the defect detec-
tion unit 1110 can output the first BDP signal VGH1 BDP for
the defect detected in association with the first high-potential
gate voltage VGHI1, the second BDP signal VGL.1 BDP for
the defect detected in association with the first low-potential
gate voltage VGL1, the third BDP signal VGL2 BDP for the
defect detected in association with the second low-potential
gate voltage VGL2, the fourth BDP signal VGLUD BDP for
the defect detected in association with the VGLUD voltage,
and the eighth BDP signal VGH2 BDP for the defect
detected in association with the second high-potential gate
voltage VGH2.

[0158] When the defect is caused by a shutdown operation
performed by the power controller 900 (e.g., PMIC shut-
down) within the display device 100, the defect detection
unit 1110 can output a fifth BDP signal (e.g., shutdown
BDP).

[0159] When the defect is caused by an open circuit on
signal lines, DL, GL, DVL, RVL, gate voltage wiring, etc.,
arranged in the display panel 110, the defect detection unit
1110 can output a sixth BDP signal INBDP (OPEN). For
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example, when a line defect (D) is detected based on the
sensing value obtained through real-time sensing (RT sens-
ing), when a lock signal (e.g., low-level lock signal) is
detected through an internal interface such as the EPI
interface as described with reference to FIG. 8, when an
overcurrent (e.g., OCP) occurs in the level shifter (L/S
integrated circuit) within the gate driver IC GDIC or GIP
(gate-in panel circuit), or when a crack detected at the edge
of the display panel 110 results in wiring being open, the
defect detection unit 1110 can determine the defect as an
open circuit defect and output the sixth BDP signal INBDP
(OPEN).

[0160] When the defect is caused by a short circuit in
signal lines, DL, GL, DVL, RVL, gate voltage wiring, etc.,
the defect detection unit 1110 can output a seventh BDP
signal INBDP (SHORT). For example, when a wiring short
circuit occurs due to a crack at the edge (or another part) of
the display panel 110, the defect detection unit 1110 can
determine the occurrence of a short circuit defect and output
the seventh BDP signal, INBDP (SHORT).

[0161] When the defect is caused by a shutdown operation
performed by the power controller 900 or a gamma voltage
generator located within the display device 100, the defect
detection unit 1110 can output a ninth BDP signal P-Gamma
BDP.

[0162] In summary, by determining the type of defect
based on the detected cause and generating the correspond-
ing BDP signals BDP, the defect management unit 1130 can
identify the cause of the occurred defect from the BDP
signals.

[0163] FIG. 14 is a diagram illustrating an example of
defect signals corresponding to BDP signals in a panel burnt
phenomenon prevention system of a display device 100
according to an embodiment of the present invention.
[0164] With reference to FIG. 14, the defect signal gen-
eration unit 1120 can generate the defect signal DS with
different pulse counts (e.g., rising edge count and high/low
level interval count, etc.) based on the BDP received from
the defect detection unit 1110. The defect management unit
1130 can then analyze the defect signal DS (e.g., count the
pulse count of the defect signal DS, for example, by count-
ing the number of rising edges and/or high/low level inter-
vals), to recognize the defect type, and can use that analysis
result to address the defect. The defect management unit
1130 can store and update all information associated with
the defect signals DS, including the defect signals DS, the
time of occurrence/reception/generation of the defect signals
DS, what each type of defect signal DS represents (e.g., type
of defect), etc., either internally or in the memory 1140. Such
information can be referred to herein as ‘defect-related
information.” The defect management unit 1130 can also
update such defect-related information for each defect sig-
nal, which then can be accessed and used by the defect
management unit 1130, e.g., for comparison, analysis, or
fixing the defects.

[0165] Forexample, the defect signal generation unit 1120
can output the defect signal DS corresponding to the first
BDP signal VGH1 BDP with one pulse, the defect signal DS
corresponding to the second BDP signal VGL1 BDP with
two pulses, the defect signal DS corresponding to the third
BDP signal VGL2 BDP with three pulses, and the defect
signal DS corresponding to the fourth BDP signal VGLUD
BDP with four pulses. The defect signal generation unit 1120
can output the defect signal DS corresponding to the fifth
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BDP signal Shutdown BDP with five pulses, the defect
signal DS corresponding to the sixth BDP signal INBDP
(OPEN) with six pulses, the defect signal DS corresponding
to the seventh BDP signal INBDP (SHORT) with seven
pulses, and the defect signal DS corresponding to the eighth
BDP signal VGH2 BDP with eight pulses. The defect signal
generation unit 1120 can also output the defect signal DS
corresponding to the ninth BDP signal P-Gamma BDP with
nine pulses. The defect signal generation unit 1120 can
output the defect signal DS corresponding to a zero or no
BDP (Comparator BDP) with no pulse.

[0166] In an embodiment of the present invention, the
defect signal DS output from the defect signal generation
unit 1120 can have an inverted phase compared to the
aforementioned pulse signal. However, this embodiment of
the present invention is not limited to this approach, and
other variations such as different shaped pulse or waveform
are possible.

[0167] FIG. 15 is a flowchart illustrating a driving method
of a display device according to an embodiment of the
present invention.

[0168] With reference to FIG. 15, the defect management
method of a display device 100 according to an embodiment
of the present invention can include detecting defects on the
internal or external signal lines of the display panel 110 or
detecting defects related to the malfunctioning of the display
panel 110 at step S2210, outputting corresponding BDP
signals BDP for the detected defects at step S2220, gener-
ating defect signals DS with different signal waveforms
depending on the BDP signals BDP at step S2230, and
analyzing the signal waveform of the defect signal DS to
recognize the type of defect and storing the recognition
result in the memory 1140 for management at step S2240.
[0169] The above-described defect management method is
capable of identifying the cause of the detected defects in the
display device 100 and facilitating the determination of the
time and location of the occurrence of the defects. This
allows for appropriate measures to be taken in response to
the defects, according to the type of defect.

[0170] The display devices and driving methods thereof
according to embodiments of the present invention are
capable of preventing a panel burnt phenomenon by effi-
ciently managing the detected defects after the defect detec-
tion.

[0171] The display devices and driving methods thereof
according to embodiments of the present invention are
capable of efficiently managing defects by determining the
type of defect, generating a defect signal indicative of the
occurrence of the type of defect depending on the type of
defect determined, and transmitting the defect signal to the
defect management unit so that the defect management unit
or the user/administrator can address such defect.

[0172] The display devices and driving methods thereof
according to embodiments of the present invention are
capable of allowing for users, administrators, external
devices, etc. to easily identify the occurrence timing and the
types of defects, so such defects can be addressed efficiently.
[0173] Although embodiments of this invention have been
described above with reference to the accompanying draw-
ings, it will be understood that the technical configuration of
this invention described above can be implemented in other
specific forms by those skilled in the art without changing
the technical concept or essential features of the present
invention. Therefore, it should be understood that the
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embodiments described above are exemplary and not limited
in all respects. Furthermore, the scope of the present inven-
tion is defined by the claims set forth below, rather than the
detailed description above. In addition, it should be under-
stood that all modifications or variations derived from the
meaning and scope of the claims and their equivalent
concept are included within the scope of this invention.

What is claimed is:

1. A display device comprising:

a display panel including a plurality of sub-pixels;

a data driver configured to apply a data signal to the
plurality of sub-pixels;

a gate driver configured to apply a gate signal to the
plurality of sub-pixels;

a timing controller configured to output control signals to
the data driver and the gate driver; and

a power controller configured to detect a defect associated
with the display panel, and generate and output a defect
signal having a different waveform according to a type
of the detected defect, wherein the timing controller
stores defect-related information associated with the
defect signal.

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

a memory configured to store the defect-related informa-
tion associated with the defect signal, which is updated
by the timing controller each time a defect signal is
received.

3. The display device of claim 1, wherein the power
controller generates the defect signal to have a different
pulse count depending on the type of the defect.

4. The display device of claim 2, wherein the defect-
related information stored in the memory comprises at least
one of a pulse count of the defect signal, an occurrence
timing of the defect signal, and the type of the defect.

5. The display device of claim 1, wherein the timing
controller analyzes the defect signal and identifies the type
of the detected defect based on a result of the analysis.

6. The display device of claim 5, wherein the timing
controller includes a defect management unit configured to
control the display panel to address the defect depending on
the type of the defect identified based on a pulse count of the
defect signal.

7. The display device of claim 1, wherein the power
controller detects the defect based on at least one of a
sensing value for the display panel, a current value measured
in correspondence to a voltage value of the gate signal,
shutdown information generated by the power controller,
and an internal burnt detection signal input to the power
controller.

8. The display device of claim 7, wherein the power
controller comprises:

a detect detection unit configured to detect the defect and
output a burnt detection signal that varies depending on
the type of the detected defect; and

a defect signal generation unit configured to generate and
output the defect signal corresponding to the burnt
detection signal.

9. The display device of claim 8, wherein the timing

controller comprises:

a non-volatile storage medium, and

a defect management unit configured to store on the
defect-related information associated with the defect
signal in the non-volatile storage medium.
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10. The display device of claim 1, wherein the power
controller outputs the defect signal to an external host
system.

11. A display device comprising:

a display panel including a plurality of sub-pixels con-

figured to display images;

at least one of a data driver and a gate driver configured
to apply a data or gate signal to the plurality of
sub-pixels;

a timing controller configured to output control signals to
the at least one of the data driver and the gate driver;
and

apower controller configured to detect a defect associated
with the display panel, and generate and output a defect
signal corresponding on a type of the detected defect to
the timing controller,

wherein the timing controller analyzes the defect signal
and recognizes the type of the detected defect based on
a result of the analysis.

12. The display device of claim 11, wherein the power
controller generates a defect signal each time a certain defect
or abnormality associated with the display panel occurs, so
as to output a plurality of defect signals, and

wherein the plurality of defect signals have different wave
forms depending on types of defects.

13. The display device of claim 12, wherein the different

wave forms include signals having different pulse counts.

14. The display device of claim 13, further comprising:

a memory configured to store defect-related information
associated with the plurality of defect signals.

15. A method for checking a display device including a

display panel having a plurality of sub-pixels, a data driver
to apply a data signal to the plurality of sub-pixels, a gate
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driver to apply a gate signal to the plurality of sub-pixels, a
power controller to apply a driving voltage to the display
panel, and a timing controller to control operations of the
data driver and the gate driver, the method comprising:
detecting, by the power controller, a defect associated
with the display panel;
generating and outputting, by the power controller, a
defect signal having a different waveform according to
a type of the detected defect; and

storing, by the timing controller, defect-related informa-

tion associated with the defect signal in a memory.

16. The method of claim 15, wherein the defect signal is
generated to have a different pulse count depending on the
type of the defect.

17. The method of claim 15, wherein the defect-related
information stored in the memory comprises at least one of
a pulse count of the defect signal, an occurrence timing of
the defect signal, and the type of the defect.

18. The method of claim 17, further comprising identi-
fying, by the timing controller, the type of the defect based
on the pulse count of the defect signal.

19. The method of claim 16, wherein the detecting of the
defect comprises:

detecting the defect based on at least one of a sensing

value for the display panel, a current value measured in
correspondence to a voltage value of the gate signal,
shutdown information generated by the power control-
ler, and an internal burnt detection signal input to the
power controller.

20. The method of claim 15, further comprising output-
ting, by the power controller, the defect signal to an external
host system.



