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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND DRIVING METHOD
THEREOF

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0110704, filed on Aug. 30,
2016, which is incorporated herein by reference for all
purposes as if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present invention relates to an organic light
emitting diode (OLED) display device and a driving method
thereof.

Description of the Related Art

[0003] With the development of information technology,
the market for display devices, which are media between
users and information is growing. Accordingly, display
devices such as an organic light emitting diode (OLED)
display, a liquid crystal display (LCD) and a plasma display
panel (PDP) are increasingly used.

[0004] Among the aforementioned displays, the OLED
display device includes a display panel including a plurality
of sub-pixels and a driver for driving the display panel. The
driver includes a scan driver which supplies scan signals (or
gate signals) to the display panel and a data driver which
supplies data signals to the display panel.

[0005] The OLED display device can display images in
such a manner that scan signals and data signals are supplied
to sub-pixels arranged in a matrix and thus selected sub-
pixels emit light.

[0006] When the OLED display device is used for a long
time, characteristics (threshold voltages, current mobility,
etc.) of elements included in sub-pixels change. To solve this
problem, a related art OLED display device includes a
sensing circuit for sensing characteristics of elements
included in sub-pixels. However, the related art OLED
display device causes a picture quality problem due to a
compensation operation of the sensing circuit. Accordingly,
it is necessary to improve the picture quality of OLED
display devices.

SUMMARY

[0007] Accordingly, embodiments of the present disclo-
sure are directed to an OLED display device and a driving
method thereof that substantially obviate one or more of the
problems due to limitations and disadvantages of the related
art.

[0008] An aspect of the present disclosure is to provide an
OLED display device with improved picture quality.
[0009] Another aspect of the present disclosure is to
provide an OLED display device that can be efficiently
manufactured.

[0010] Additional features and aspects will be set forth in
the description that follows, and in part will be apparent
from the description, or may be learned by practice of the
inventive concepts provided herein. Other features and
aspects of the inventive concepts may be realized and
attained by the structure particularly pointed out in the
written description, or derivable therefrom, and the claims
hereof as well as the appended drawings
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[0011] To achieve these and other aspects of the inventive
concepts, as embodied and broadly described, an OLED
display device comprises a display panel, a data driver and
a timing controller. The display panel has sub-pixels for
displaying images. The data driver supplies a data signal to
data lines of the sub-pixels. The timing controller supplies
the data signal to the data driver and controls the data driver.
The data driver outputs a stress prevention voltage for
preventing application of stress to driving transistors
included in the sub-pixels in response to a stress compen-
sation signal output from the timing controller, and the stress
prevention voltage is applied to M (M being an integer equal
to or greater than 1) sub-pixels selected per frame.

[0012] In another aspect, a method of driving an OLED
display device comprises supplying a black voltage to
driving transistors included in all sub-pixels of a display
panel; and outputting a stress prevention voltage for pre-
venting a stress of the driving transistors included in the
sub-pixels of the display panel. The stress prevention volt-
age is applied to a driving transistor, included in at least one
sub-pixel of first to N-th groups (N being an integer equal to
or greater than 4) composed of sub-pixels, for each frame.
[0013] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompany drawings, which are included to
provide a further understanding of the invention and are
incorporated on and constitute a part of this specification
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0015] FIG. 1 is a block diagram of an OLED display
device.

[0016] FIG. 2 illustrates a circuit configuration of a sub-
pixel.

[0017] FIG. 3 illustrates the circuit configuration of the

sub-pixel in detail.

[0018] FIG. 4 is a cross-sectional view of a display panel.
[0019] FIG. 5 is a plan view of sub-pixels.
[0020] FIG. 6 is a block diagram of an external compen-

sation circuit according to an embodiment of the present
invention.

[0021] FIG. 7 is a block diagram of a timing controller
having a data compensation unit.

[0022] FIG. 8 is a waveform diagram for describing a
method of preventing stress of a driving transistor according
to an experimental example.

[0023] FIG. 9 is a diagram for describing problems of the
experimental example.

[0024] FIG. 10 is a diagram for describing the concept of
a first embodiment of the present invention.

[0025] FIG. 11 illustrates an example of dividing a display
area of a display panel into four regions in order to describe
the first embodiment of the present invention.

[0026] FIG. 12 illustrates waveforms for describing a
method of applying a stress prevention voltage of a driving
transistor according to the first embodiment of the present
invention.

[0027] FIG. 13 illustrates waveforms for describing the
method of applying the stress prevention voltage of FIG. 12
in more detail.
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[0028] FIG. 14 illustrates waveforms for describing a
method of applying a stress prevention voltage of a driving
transistor according to a second embodiment of the present
invention.

[0029] FIG. 15 illustrates waveforms for describing the
method of applying the stress prevention voltage of FIG. 14
in more detail.

[0030] FIG. 16 illustrates waveforms for describing a
method of applying a stress prevention voltage of a driving
transistor according to a third embodiment of the present
invention.

[0031] FIG. 17 is a block diagram of an external compen-
sation circuit according to a fourth embodiment of the
present invention.

[0032] FIG. 18 illustrates waveforms for describing a
method of applying a stress prevention voltage of a driving
transistor according to the fourth embodiment of the present
invention.

DETAILED DESCRIPTION

[0033] Reference will now be made in detail to embodi-
ments of the invention examples of which are illustrated in
the accompanying drawings.

[0034] Embodiments of the present invention will be
described with reference to the attached drawings.

[0035] An OLED display device according to the present
invention is implemented as a television, a video player, a
personal computer (PC), a home theater system, a smart-
phone, etc. The OLED display device which will be
described below performs an image display operation and an
external compensation operation.

[0036] The external compensation operation may be per-
formed in a vertical blank period during the image display
operation, in a power-on sequence period before image
display or in a power-off sequence period after image
display. The vertical blank period is a period in which data
signals for displaying an image are not written and is
arranged between vertical active periods in which data
signals corresponding to one frame are written.

[0037] The power-on sequence period refers to a period
from when power for driving the device is turned on to when
an image is displayed. The power-off sequence period refers
to a period from when image display ends to when the power
for driving the device is turned off.

[0038] An external compensation method for performing
the external compensation operation operates a driving
transistor in a source follower mode and then senses a
voltage (the source voltage of the driving TFT) stored in a
line capacitor (parasitic capacitor) of a sensing line.

[0039] The external compensation method senses the
source voltage of the driving transistor when the potential of
the source node of the driving transistor is saturated (i.e., the
current Ids of the driving TFT becomes zero) in order to
compensate for threshold voltage deviation of the driving
transistor. In addition, the external compensation method
senses a value of the source node of the driving transistor in
a linear state before the source node reaches a saturation
state in order to compensate for mobility deviation of the
driving transistor.

[0040] Electrodes of a thin film transistor described below
exclusive of a gate electrode may be called a source elec-
trode and a drain electrode or a drain electrode and a source
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electrode according to type. However, they will be described
as a first electrode and a second electrode in order not to
limit the same.

[0041] FIG. 1 is a block diagram of an OLED display
device according to an embodiment of the present invention,
FIG. 2 illustrates a circuit configuration of a sub-pixel, and
FIG. 3 illustrates a circuit configuration of a sub-pixel in
detail. FIG. 4 is a cross-sectional view of a display panel,
FIG. 5 is a plan view illustrating sub-pixels, FIG. 6 is a block
diagram of an external compensation circuit according to an
embodiment of the present invention, and FIG. 7 is a block
diagram of a timing controller including a data compensator.
[0042] As shown in FIG. 1, the OLED display device
includes an image processor 110, a timing controller 120, a
data driver 130, a scan driver 140 and a display panel 150.
[0043] The image processor 110 outputs a data enable
signal DE along with a data signal DATA supplied from the
outside. While the image processor 110 can output one or
more of a vertical synchronization signal, a horizontal
synchronization signal and a clock signal in addition to the
data enable signal DE, these signals are not shown for
convenience of description.

[0044] The timing controller 120 receives the data signal
DATA in addition to the data enable signal DE or a driving
signal including the vertical synchronization signal, the
horizontal synchronization signal and the clock signal from
the image processor 110. The timing controller 120 outputs
a gate timing control signal GDC for controlling operation
timing of the scan driver 140 and a data timing control signal
DDC for controlling operation timing of the data driver 130
on the basis of the driving signal.

[0045] The data driver 130 samples and latches the data
signal DATA supplied from the timing controller 120 in
response to the data timing control signal DDC received
from the timing controller 120 to convert the data signal
DATA into a gamma reference voltage and outputs the
gamma reference voltage. The data driver 130 outputs the
data signal DATA through data lines DL1 to DLn. The data
driver 130 may take the form of an integrated circuit (IC).
[0046] The scan driver 140 outputs a scan signal in
response to the gate timing control signal GDC supplied
from the timing controller 120. The scan driver 140 outputs
the scan signal through scan lines GL1 to GLm. The scan
driver 140 takes the form of an IC or the form of a
gate-in-panel in the display panel 150.

[0047] The display panel 150 displays an image in
response to the data signal DATA and the scan signal
supplied from the data driver 130 and the scan driver 140.
The display panel 150 includes sub-pixels SP operating to
display an image.

[0048] The sub-pixels SP include red, green and blue
sub-pixels or white, red, green and blue sub-pixels. The
sub-pixels SP may have one or more different emission areas
according to emission characteristics.

[0049] As shown in FIG. 2, a single sub-pixel includes a
switching transistor SW, a driving transistor DR, a capacitor
Cst, a compensation circuit CC and an OLED.

[0050] The switching transistor SW performs a switching
operation such that a data signal supplied through the first
data line DL1 is stored in the capacitor Cst as a data voltage
in response to a scan signal supplied through the first scan
line GL1. The driving transistor DR operates such that a
driving current flows between a first power line EVDD and
a second power line EVSS according to the data voltage
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stored in the capacitor Cst. The OLED operates to emit light
according to the driving current generated by the driving
transistor DR.

[0051] The compensation circuit CC is added to the sub-
pixel in order to compensate for a threshold voltage of the
driving transistor DR. The compensation circuit CC is
composed of one or more transistors. The compensation
circuit CC is configured in various manners depending on
compensation methods. An example of the configuration of
the compensation circuit CC will be described below.
[0052] As shown in FIG. 3, the compensation circuit CC
includes a sensing transistor ST and a sensing line VREF (or
a reference line). The sensing transistor ST is connected
between the source line of the driving transistor DR and the
anode of the OLED (to a sensing node). The sensing
transistor ST operates to supply an initialization voltage (or
sensing voltage) delivered through the sensing line VREF to
the source node (or sensing node) of the driving transistor
DR or to sense the voltage or current of the source node of
the driving transistor DR.

[0053] The switching transistor SW has a first electrode
connected to the first data line DL1 and a second electrode
connected to the gate electrode of the driving transistor DR.
The driving transistor DR has a first electrode connected to
the first power line EVDD and a second electrode connected
to the anode of the OLED. The capacitor Cst has a first
electrode connected to the gate electrode of the driving
transistor DR and a second electrode connected to the anode
of the OLED. The OLED has the anode connected to the
second electrode of the driving transistor DR and a cathode
connected to the second power line EVSS. The sensing
transistor ST has a first electrode connected to the sensing
line VREF and a second electrode connected to the anode of
the OLED.

[0054] The operating time of the sensing transistor ST
may be similar/identical to the operating time of the switch-
ing transistor SW according to an external compensation
algorithm (or the configuration of the compensation circuit).
For example, the gate electrode of the switching transistor
SW can be connected to a first a scan line GL1a and the gate
electrode of the sensing transistor ST can be connected to a
first b sensing line GL1b. Alternatively, the first a scan line
GL1a connected to the gate electrode of the switching
transistor SW and the first b scan line GL15 connected to the
gate electrode of the sensing transistor ST may be connected
to be shared.

[0055] The sensing line VREF may be connected to the
data driver. In this case, the data driver can sense the sensing
node of the sub-pixel in real time, for an image non-display
period or for a period of N frames (N being an integer equal
to or greater than 1) and generate a sensing result. Mean-
while, the switching transistor SW and the sensing transistor
ST may be turned on at the same time. In this case, a sensing
operation through the sensing line VREF and a data output
operation for outputting a data signal are separated from
each other on the basis of a time division method of the data
driver.

[0056] In addition, a compensation target according to the
sensing result may be a digital data signal, an analog data
signal or a gamma signal. Furthermore, the compensation
circuit which generates a compensation signal (or compen-
sation voltage) on the basis of the sensing result may be
included in the data driver or the timing controller, or
implemented as a separate circuit.
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[0057] A light shielding layer LS may be formed only
under the channel region of the driving transistor DR or
formed under the channel regions of the switching transistor
SW and the sensing transistor ST as well as the channel
region of the driving transistor DR. The light shielding layer
LS may be used to simply block external light or may be
used as an electrode which is connected to other electrodes
or lines and constitutes a capacitor.

[0058] Although FIG. 3 shows that a sub-pixel having a
3T (Transistor) 1C (Capacitor) structure which includes the
switching transistor SW, the driving transistor DR, the
capacitor Cst, the OLED and the sensing transistor ST, a
sub-pixel may be configured in 3T2C, 4T12C, 5T1C and
6T2C structures when the compensation circuit CC is added.
[0059] As shown in FIG. 4, sub-pixels are formed on a
display area AA of a first substrate (or TFT substrate) 150a
on the basis of the circuit described with reference to FIG.
3. The sub-pixels formed on the display area AA are sealed
by a passivation film (or passivation substrate) 1505. NA
indicates a non-display area. The first substrate 150a can be
formed of glass or a ductile material.

[0060] The sub-pixels are horizontally or vertically
arranged in the order of red (R), white (W), blue (B) and
green (G) sub-pixels on the display area AA. Sub-pixels R,
W, B and G constitute a single pixel P. However, the
arrangement order of the sub-pixels may be changed in
various manners according to emission materials, emission
areas, compensation circuit configurations (structures), etc.
Furthermore, sub-pixels R, B and G may constitute a single
pixel P.

[0061] As shown in FIGS. 4 and 5, first to fourth sub-
pixels SPnl to SPnd each having an emission area EMA and
a circuit area DRA are formed on the display area AA of the
first substrate 150a. An OLED is formed in the emission area
EMA and TFTs including switching and driving transistors
are formed in the circuit area DRA. The elements formed in
the emission area EMA and the circuit area DRA are
obtained through processes of depositing a plurality of metal
layers and insulating layers.

[0062] In the first to fourth sub-pixels SPnl to SPnd, the
OLED positioned in the emission area EMA emits light in
response to operations of the switching and driving transis-
tors positioned in the circuit area DRA. “WA” between
neighboring sub-pixels of the first to fourth sub-pixels SPnl
to SPn4 indicates a line area in which power lines or data
lines are arranged.

[0063] The first power line EVDD may be positioned at
the left of the first sub-pixel SPnl, the sensing line VREF
may be positioned at the right of the second sub-pixel SPn2,
and the first and second data lines DL.1 and DL2 may be
positioned between the first sub-pixel SPnl and the second
sub-pixel SPn2.

[0064] The sensing line VREF may be positioned at the
left of the third sub-pixel SPn3, the first power line EVDD
may be positioned at the right of the fourth sub-pixel SPnd,
and the third and fourth data lines DL3 and DL4 may be
positioned between the third sub-pixel SPn3 and the fourth
sub-pixel SPn4.

[0065] The first sub-pixel SPnl can be electrically con-
nected to the first power line EVDD located at the left
thereof, the first data line DL1 located at the right thereof,
and the sensing line VREF located at the right of the second
sub-pixel SPn2. The second sub-pixel SPn2 can be electri-
cally connected to the second data line DL2 located at the
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left thereof, the sensing line VREF located at the right
thereof, and the first power line EVDD located at the left of
the first sub-pixel SPnl.

[0066] The third sub-pixel SPn3 can be electrically con-
nected to the sensing line VREF located at the left thereof,
the third data line DL3 located at the right thereof, and the
first power line EVDD located at the right of the fourth
sub-pixel SPn4. The fourth sub-pixel SPn4 can be electri-
cally connected to the fourth data line DL4 located at the left
thereof, the first power line EVDD located at the right
thereof, and the sensing line VREF located at the left of the
third sub-pixel SPn3.

[0067] Although the first to fourth sub-pixels SPnl to
SPn4 may be commonly connected to the sensing line VREF
positioned between the second sub-pixel SPn2 and the third
sub-pixel SPn3, the present invention is not limited thereto.
In addition, although only one scan line GL1 is shown, the
present invention is not limited thereto.

[0068] In addition, although lines such as the first power
line EVDD and the sensing line VREF and electrodes
constituting the TFTs are located on different layers, they are
electrically connected through contact holes (via holes). A
contact hole is formed through a dry or wet etching process
to expose part of an electrode, a signal line or a power line
positioned therebeneath.

[0069] As shown in FIG. 6, the data driver 140 includes a
first circuit unit 140a which outputs data signals to sub-
pixels SP and a second circuit unit 1405 which senses
sub-pixels SP in order to compensate for data signals.
[0070] The first circuit unit 140a includes a digital-to-
analog conversion circuit 141 which converts a digital data
signal into an analog data signal Vdata and outputs the
analog data signal. The output terminal of the first circuit
140q is connected to the first data line DL1.

[0071] The second circuit unit 1405 includes a voltage
output circuit SW1, a sampling circuit SW2 and an analog-
to-digital conversion circuit 143. The voltage output circuit
SW1 operates in response to a charge control signal PRE.
The sampling circuit SW2 operates in response to a sam-
pling control signal SAMP.

[0072] The voltage output circuit SW1 outputs a first
initialization voltage generated from a voltage source
VREFF to the first sensing line VREF1 and outputs a second
initialization voltage generated from the voltage source
VREFF through the first data line DL1. The first initializa-
tion voltage and the second initialization voltage generated
from the voltage source VREFF are generated as voltages
between a first potential voltage and a second potential
voltage.

[0073] The first initialization voltage and the second ini-
tialization voltage can be set to similar voltages or identical
voltages. The first initialization voltage can be set to a
voltage similar to the ground level to be used for external
compensation of the display panel and the second initial-
ization voltage can be set to be higher than the initialization
voltage to be used for normal operation of the display panel.
The voltage output circuit SW1 only operates when it
outputs the first initialization voltage and the second initial-
ization voltage. While only the switch SW1 and the voltage
source VREFF are shown as components of the voltage
output circuit SW1, the configuration of the voltage output
circuit SW1 is not limited thereto.

[0074] The sampling circuit SW2 senses sub-pixels SP
through the first sensing line VREF1. The sampling circuit
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SW2 senses the threshold voltage of the OLED and the
threshold voltage or mobility of the driving transistor DR
through sampling and then delivers sensing values to the
analog-to-digital conversion circuit 143. While the sampling
circuit SW2 is shown in the form of a switch SW2, the
configuration of the sampling circuit SW2 is not limited
thereto and the sampling circuit SW2 may be realized by an
active element and a passive element.

[0075] The analog-to-digital conversion circuit 143
receives the sensing values from the sampling circuit SW2
and converts analog voltage values into digital voltage
values. The analog-to-digital conversion circuit 143 outputs
the sensing values converted into digital values. The sensing
values output from the analog-to-digital conversion circuit
143 are applied to a compensation driver 180.

[0076] The compensation driver 180 performs a compen-
sation process necessary for external compensation on the
basis of the digital sensing values delivered from the second
circuit unit 1405 of the data driver 140a and 140b.

[0077] The compensation driver 180 generates a compen-
sation value necessary for external compensation, or cor-
rects or controls the compensation value on the basis of the
sensing values. The compensation driver 180 includes a
determination unit 185 and a compensation value generator
187.

[0078] The determination unit 185 determines whether to
perform external compensation or which sub-pixels require
external compensation on the basis of the sensing values.
The compensation value generator 187 generates a compen-
sation value SEN in response to information delivered from
the determination unit 185. The compensation value gen-
erator 187 provides the compensation value SEN to the
timing controller 120.

[0079] The timing controller 120 compensates for data
signals on the basis of the compensation value SEN supplied
from the compensation value generator 187. The timing
controller 120 outputs a compensation data signal DATA or
a data signal DATA depending on whether compensation
will be performed.

[0080] The timing controller 120 outputs a black data
signal in order to realize real black on the display panel in
addition to external compensation. The data driver 140a and
1405 applies a black voltage Black Vgs to the gate and
source electrodes of the driving transistor. The black voltage
may correspond to the ground level or may be set to a
voltage close to the ground level. The black voltage Black
Vgs is supplied to all sub-pixels of the display panel.
[0081] In addition, the timing controller 120 outputs a
stress compensation signal for compensating for a stress of
the driving transistor DR. When a negative voltage such as
the black voltage is continuously applied to the driving
transistor DR included in each sub-pixel, the threshold
voltage of the driving transistor DR is shifted in the negative
direction. To prevent NBTIS (Negative Bias Thermal Illu-
mination Stress) of the driving transistor DR, the data driver
1400 and 1406 needs to output a positive voltage at a
specific level.

[0082] The data driver 140a and 1405 outputs a stress
prevention voltage SPV for preventing and improving (re-
ducing) NBTIS of the driving transistor DR in response to
the stress compensation signal output from the timing con-
troller 120. The stress prevention voltage SPV is delivered
through data lines and supplied to the driving transistor DR
included in each sub-pixel.
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[0083] The switching transistor SW is turned on in
response to a scan signal SCAN supplied through the first-a
scan line GL.1a and the sensing transistor ST is turned on in
response to a sensing signal SENSE supplied through the
first-b scan line GL1b. The scan signal SCAN and the
sensing signal SENSE may have different driving timings
depending on driving methods. This does not correspond to
the features of the present invention and thus description
thereof is omitted. However, the switching transistor SW
needs to be turned on in order to supply the stress prevention
voltage SPV to the driving transistor DR.

[0084] As shown in FIGS. 6 and 7, the compensation
driver 180 may be included in the timing controller 120. In
this case, the second circuit unit 1405 of the data driver 140a
and 1405 delivers sensing values to the timing controller
120.

Experimental Example

[0085] FIG. 8 is a waveform diagram for describing a
method of preventing application of stress to a driving
transistor according to an experimental example and FIG. 9
is a diagram for describing problems of the experimental
example.

[0086] As shown in FIGS. 8 and 9, in the experimental
example, a stress prevention voltage is applied to the gate
electrode and the source electrode of the driving transistors
DR included in each sub-pixel of the display panel in a
specific period (e.g., 120F, F indicating a frame). The stress
prevention voltage is set to a positive voltage (e.g., 3.1V)
which can prevent and improve (reduce) NBTIS of the
driving transistor DR.

[0087] When a stress prevention voltage is applied to the
gate and source electrodes of the driving transistors DR
included in all sub-pixels of the display panel as in the
experimental example, a problem that a smear in an inde-
terminate form is generated on the display panel due to a
threshold value shift of the driving transistors DR is solved.
However, in the experimental example, periodic (every
120F) flicker of the display panel is recognized when the
stress prevention voltage is applied to the driving transistors
DR of all sub-pixels in a specific period, as shown in FIG.
9.

[0088] Furthermore, the display panel is realized on the
basis of red, white, green and blue sub-pixels R, W, G and
B and the stress prevention voltage is modulated for the area
of the display panel to be applied to the sub-pixels in the
experimental example. However, when the stress prevention
voltage is modulated for the area of the display panel as in
the experimental example, real black is not expressed on the
display panel and black floating (similar to black but not real
black) is recognized.

[0089] Accordingly, although the experimental example
can prevent and improve (reduce) NBTIS of the driving
transistors and solve the problem of generation of indeter-
minate smear, flicker and black floating on the display panel
are recognized and thus it is necessary to solve this problem.

First Embodiment

[0090] FIG. 10 is a diagram for describing the concept of
a first embodiment of the present invention, FIG. 11 illus-
trates an example of dividing a display area of a display
panel into four regions in order to describe the first embodi-
ment of the present invention, FIG. 12 illustrates waveforms
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for describing a method of applying a stress prevention
voltage of a driving transistor according to the first embodi-
ment of the present invention, and FIG. 13 illustrates wave-
forms for describing the method of applying the stress
prevention voltage of FIG. 12 in more detail.

[0091] As shown in FIGS. 10 and 11, in the first embodi-
ment of the present invention, sub-pixel groups are config-
ured in order to solve visibility problems such as flicker and
black floating generated in the experimental example. For
example, the display panel 150 can be grouped into a first
group (Group 1) to an N-th group (Group N) (N being an
integer equal to or greater than 4).

[0092] One group can be defined as one pixel including a
red sub-pixel, a white sub-pixel, a green sub-pixel and a blue
sub-pixel. However, the number of pixels which define one
group may be changed or set depending on the resolution
and driving environment of the display panel.

[0093] In the following description, the display area AA of
the display panel is divided into four regions and these
regions are defined as first to fourth groups Group 1 to
Group 4) as shown in FIG. 11 for convenience of descrip-
tion.

[0094] As shown in FIGS. 11 and 12, in the first embodi-
ment of the present invention, a group is selected per frame
in ascending order of the first to fourth groups Groupl to
Group 4, and a stress prevention voltage is applied to the
gate and source electrodes of the driving transistor included
in at least one sub-pixel of the selected group.

[0095] The stress prevention voltage is set to a positive
voltage which can prevent and improve (reduce) NBTIS of
the driving transistor. A voltage level (NBTIS prevention
level) selected as the stress prevention voltage can be higher
than a voltage level Black Level Vgs selected as a black
voltage.

[0096] For example, the stress prevention voltage is
applied to the gate and source electrodes of the driving
transistors included in the first group Group 1 for the first
frame 1F. The stress prevention voltage is applied to the gate
and source electrodes of the driving transistors included in
the second group Group 2 for the second frame 2F. The
stress prevention voltage is applied to the gate and source
electrodes of the driving transistors included in the third
group Group 3 for the third frame 3F. The stress prevention
voltage is applied to the gate and source electrodes of the
driving transistors included in the fourth group Group 4 for
the fourth frame 4F.

[0097] In this manner, a group is selected per frame in
ascending order of the first to fourth groups Groupl to
Group 4, and the stress prevention voltage is applied to the
gate and source electrodes of the driving transistors included
in a selected group in the first embodiment of the present
invention. Each group is defined as one pixel including a red
sub-pixel, a white sub-pixel, a green sub-pixel and a blue
sub-pixel. The manner of applying the stress prevention
voltage will be described below in more detail.

[0098] As shown in FIG. 13, the stress prevention voltage
is applied to the driving transistor included in the red
sub-pixel R for the first frame 1F for which the first group
Group 1 is selected. The stress prevention voltage is applied
to the driving transistor included in the green sub-pixel G for
the second frame 2F for which the second group Group 2 is
selected. The stress prevention voltage is applied to the
driving transistor included in the blue sub-pixel B for the
third frame 3F for which the third group Group 3 is selected.
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The stress prevention voltage is applied to the driving
transistor included in the white sub-pixel W for the fourth
frame 4F for which the fourth group Group 4 is selected.
[0099] According to the above description, a group is
selected per frame in ascending order, and voltage modula-
tion for applying the stress prevention voltage to the driving
transistor included in a specific sub-pixel in the selected
group is performed in the first embodiment. Therefore, a
compensation region can be reduced compared to the experi-
mental example.

[0100] Meanwhile, different stresses may be applied to the
driving transistors included in the sub-pixels of the first to
fourth groups Group 1 to Group 4. Accordingly, the stress
prevention voltage supplied to the driving transistors
included in the sub-pixels of the first to fourth groups Group
1 to Group 4 may be varied to different voltages in response
to the stresses applied to the driving transistors and supplied
to the driving transistors.

[0101] FIG. 13 shows an example in which the stress
prevention voltage is applied to only one specific sub-pixel
per frame. However, since the number of sub-pixels
included in one group is not limited to 4, the specific
sub-pixel needs to be interpreted as one or more, that is, M
(M being an integer greater than 1) sub-pixels.

[0102] Inaddition, FIG. 13 shows an example in which the
stress prevention voltage is applied to the driving transistors
included in the sub-pixels of the same group selected for the
first frame 1F even for the first frame 1F after the 120-th
frame 120F has elapsed as the UHD model is exemplified.
However, this is merely an example and the stress preven-
tion voltage application target may be changed such that the
stress prevention voltage is applied to the driving transistors
included in other sub-pixels in the group.

[0103] When the compensation region is reduced as in the
first embodiment, a compensation range (or target) is
reduced to a level that cannot be recognized by a person and
the stress prevention voltage is applied to only the reduced
range. In other words, the stress prevention voltage is
applied in microscopic units which control sub-pixels
instead of macroscopic units which control the entire display
panel in the first embodiment, it is possible to mitigate or
improve flicker and black floating generated in the experi-
mental example. In addition, when the compensation region
is reduced as in the first embodiment, a compensation
margin of the driving transistor can be secured during
external compensation.

[0104] Furthermore, the stress prevention voltage is
applied to the driving transistors included in all sub-pixels,
and thus all the sub-pixels emit light in the experimental
example. However, the first embodiment sequentially selects
groups per frame and applies the stress prevention voltage to
the driving transistor included in a specific sub-pixel in a
selected group. Accordingly, the number of emission targets
can be reduced to 1/4 (4 sub-pixel structure) or 1/3 (3
sub-pixel structure) compared to the experimental example.
That is, the first embodiment can solve the visibility problem
(reduce the luminance to 3/4 compared to the method of the
experimental example and change an emission area) in the
external compensation operation.

[0105] The operation of applying the stress prevention
voltage requires a higher frequency as the size of a group
decreases and requires a lower frequency as the group size
increases. Furthermore, the voltage level (NBTIS prevention
level) selected as the stress prevention voltage is related to
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the voltage level (Black Level Vgs) selected as the black
level, and thus this needs to be considered when the fre-
quency as well as the group size are determined.

[0106] In addition to the first embodiment of the present
invention in which groups are selected in ascending order as
described above, methods according to the following
embodiments may be used.

Second Embodiment

[0107] FIG. 14 illustrates waveforms for describing a
method of applying a stress prevention voltage of a driving
transistor according to a second embodiment of the present
invention, and FIG. 15 illustrates waveforms for describing
the method of applying the stress prevention voltage of FIG.
14 in more detail.

[0108] As shown in FIGS. 11 and 14, in the second
embodiment of the present invention, a group is selected per
frame in descending order of the fourth to first groups Group
4 to Group 1, and a stress prevention voltage is applied to the
gate and source electrodes of the driving transistor included
in at least one sub-pixel of the selected group.

[0109] The stress prevention voltage is set to a positive
voltage which can prevent and improve (reduce) NBTIS of
the driving transistor. A voltage level (NBTIS prevention
level) selected as the stress prevention voltage can be higher
than a voltage level Black Level Vgs selected as a black
voltage.

[0110] For example, the stress prevention voltage is
applied to the gate and source electrodes of the driving
transistors included in the fourth group Group 4 for the first
frame 1F. The stress prevention voltage is applied to the gate
and source electrodes of the driving transistors included in
the third group Group 3 for the second frame 2F. The stress
prevention voltage is applied to the gate and source elec-
trodes of the driving transistors included in the second group
Group 2 for the third frame 3F. The stress prevention voltage
is applied to the gate and source electrodes of the driving
transistors included in the first group Group 1 for the fourth
frame 4F.

[0111] In this manner, a group is selected per frame in
descending order of the fourth to first groups Group 4 to
Group 1, and the stress prevention voltage is applied to the
gate and source electrodes of the driving transistors included
in a selected group in the second embodiment of the present
invention. Each group is defined as one pixel including a red
sub-pixel, a white sub-pixel, a green sub-pixel and a blue
sub-pixel. The manner of applying the stress prevention
voltage will be described below in more detail.

[0112] As shown in FIG. 15, the stress prevention voltage
is applied to the driving transistor included in the red
sub-pixel R for the first frame 1F for which the fourth group
Group 4 is selected. The stress prevention voltage is applied
to the driving transistor included in the green sub-pixel G for
the second frame 2F for which the third group Group 3 is
selected. The stress prevention voltage is applied to the
driving transistor included in the blue sub-pixel B for the
third frame 3F for which the second group Group 2 is
selected. The stress prevention voltage is applied to the
driving transistor included in the white sub-pixel W for the
fourth frame 4F for which the first group Group 1 is selected.
[0113] The stress prevention voltage is applied in micro-
scopic units which control sub-pixels instead of macroscopic
units which control the entire display panel in the second



US 2018/0061320 A1

embodiment, it is possible to mitigate or improve flicker and
black floating generated in the experimental example.

Third Embodiment

[0114] FIG. 16 illustrates waveforms for describing a
method of applying a stress prevention voltage of a driving
transistor according to a third embodiment of the present
invention.

[0115] Asshownin FIGS. 11 and 16, according to the third
embodiment of the present invention, a group is selected per
frame in the order of the second, first, fourth and third
groups Group 2, Group 1, Group 4 and Group 3 or in a
random order and the stress prevention voltage is applied to
the gate and source electrodes of the driving transistor
included in at least one sub-pixel of a selected group.
[0116] The stress prevention voltage is set to a positive
voltage which can prevent and improve (reduce) NBTIS of
the driving transistor. A voltage level (NBTIS prevention
level) selected as the stress prevention voltage can be higher
than a voltage level Black Level Vgs selected as a black
voltage.

[0117] For example, the stress prevention voltage is
applied to the gate and source electrodes of the driving
transistors included in the second group Group 2 for the first
frame 1F. The stress prevention voltage is applied to the gate
and source electrodes of the driving transistors included in
the first group Group 1 for the second frame 2F. The stress
prevention voltage is applied to the gate and source elec-
trodes of the driving transistors included in the fourth group
Group 4 for the third frame 3F. The stress prevention voltage
is applied to the gate and source electrodes of the driving
transistors included in the third group Group 3 for the fourth
frame 4F.

[0118] In this manner, according to the third embodiment
of the present invention, a group is selected per frame in the
order of the second, first, fourth and third groups Group 2,
Group 1, Group 4 and Group 3 or in a random order and the
stress prevention voltage is applied to the gate and source
electrodes of the driving transistor included in a selected
group.

[0119] The stress prevention voltage is applied in micro-
scopic units which control sub-pixels instead of macroscopic
units which control the entire display panel in the third
embodiment, it is possible to mitigate or improve flicker and
black floating generated in the experimental example.
[0120] The present invention may determine whether to
apply the stress prevention voltage depending on an image
analysis result in order to realize high picture quality of the
OLED display device. This will be described below.

Fourth Embodiment

[0121] FIG. 17 is a block diagram of an external compen-
sation circuit according to a fourth embodiment of the
present invention and FIG. 18 illustrates waveforms for
describing a method of applying a stress prevention voltage
of a driving transistor according to the fourth embodiment of
the present invention.

[0122] As shown in FIG. 17, the external compensation
circuit according to the fourth embodiment 1s similar to the
external compensation circuit shown in FIG. 6 except that
the external compensation circuit according to the fourth
embodiment further includes an image analyzer 123 and a
signal modulator 126 in the timing controller 120.
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[0123] The image analyzer 123 analyzes the data signal
DATA input to the timing controller 120 and determines
whether the stress prevention voltage will be applied. For
example, the image analyzer 123 can skip output of the
stress prevention signal when contrast ratio emphasis, HDR
(High Dynamic Range), real block and high luminance or
colors need to be realized on the display panel. To this end,
the image analyzer 123 can analyze the data signal DATA
input thereto using various image analysis techniques or
filters.

[0124] The signal modulator 126 generates a stress com-
pensation signal such that a stress compensation voltage is
output from the data driver 140a and 1405 according to one
of the methods of the first, second and third embodiments.
The signal modulator 126 modulates (varies) the stress
compensation signal on the basis of the determination result
of the image analyzer 123. The signal modulator 126 skips
output of the stress prevention signal for I frames (I being an
integer equal to or greater than 1) in response to analysis
information delivered from the image analyzer 123.

[0125] As shown in FIGS. 17 and 18, when the signal
modulator 126 skips output of the stress prevention signal,
the data driver 140a and 1405 also skips output of the stress
prevention signal SPV for preventing and improving (reduc-
ing) NBTIS of the driving transistor DR.

[0126] Consequently, the stress prevention voltage (NB-
TIS prevention level) is output for the first to fourth frames
1F to 4F but is not output for specific frames after the first
to fourth frames. That is, the stress prevention voltage
(NBTIS prevention level) has a skip period NS (for skipping
NBTIS prevention compensation) when contrast ratio
emphasis, HDR, real black and high luminance or colors are
realized. In addition, the stress prevention voltage (NBTIS
prevention level) has a skip period NS (for skipping NBTIS
prevention compensation) when real black is displayed or a
dark image is displayed.

[0127] In the fourth embodiment, the stress prevention
voltage is applied in microscopic units which control sub-
pixels instead of macroscopic units which control the entire
display panel, and thus it is possible to mitigate or improve
flicker and black floating generated in the experimental
example. In addition, according to the fourth embodiment, it
is possible to improve display quality using adaptive modu-
lation for outputting the stress prevention voltage or skip-
ping output of the stress prevention voltage depending on
images or driving environments.

[0128] As described above, the present invention can
apply the stress prevention voltage in microscopic units
which control sub-pixels instead of macroscopic units which
control the entire display panel to mitigate or improve flicker
and black floating, thereby improving display quality. In
addition, the present invention can reduce a negative bias
stress of driving transistors to solve problems due to NBTIS.
Furthermore, the present invention can solve visibility prob-
lems with respect to the external compensation operation for
externally compensating elements included in the display
panel. Moreover, the present invention can secure a com-
pensation margin of driving transistors during external com-
pensation.

[0129] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
OLED display device and the driving method thereof of the
present disclosure without departing from the technical idea
or scope of the disclosure. Thus, it is intended that the
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present disclosure cover the modifications and variations of
this disclosure provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. An OLED display device, comprising:

a display panel having sub-pixels for displaying images;

a data driver configured to supply a data signal to data

lines of the sub-pixels; and

a timing controller configured to supply the data signal to

the data driver and to control the data driver,

wherein the data driver outputs a stress prevention voltage

for preventing application of stress to driving transis-
tors included in the sub-pixels in response to a stress
compensation signal output from the timing controller,

wherein the stress prevention voltage is applied to M (M

being an integer equal to or greater than 1) sub-pixels
selected per frame.
2. The OLED display device according to claim 1,
wherein the stress prevention voltage is applied to a driving
transistor, included in at least one sub-pixel of first to N-th
groups (N being an integer equal to or greater than 4)
composed of sub-pixels, for each frame.
3. The OLED display device according to claim 2,
wherein one of the first to N-th groups is selected in
ascending order, descending order or random order. and the
stress prevention voltage is applied to a driving transistor
included in at least one sub-pixel of the selected group.
4. The OLED display device according to claim 1,
wherein the stress prevention voltage has a skip period in
which the stress prevention voltage is not output according
to images.
5. The OLED display device according to claim 1,
wherein the stress prevention voltage is applied to a driving
transistor included in one sub-pixel selected from a white
sub-pixel, a red sub-pixel, a green sub-pixel and a blue
sub-pixel.
6. The OLED display device according to claim 1,
wherein the timing controller comprises:
an image analyzer configured to determine whether the
stress prevention voltage will be applied on the basis of
a result of analysis of an input data signal; and

a signal modulator configured to generate and modulate
the stress compensation signal and to skip output of the
stress prevention voltage for T (I being an integer equal
to or greater than 1) on the basis of a determination
result of the image analyzer.

7. The OLED display device according to claim 1,
wherein the stress prevention voltage is selected as a posi-
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tive voltage for preventing a negative bias thermal illumi-
nation stress (NBTIS) of the driving transistors included in
the sub-pixels.

8. The OLED display device according to claim 1,
wherein the level of the stress prevention voltage is higher
than the level of a black voltage applied to the display panel.

9. The OLED display device according to claim 5,
wherein the stress prevention voltage is applied to gate and
source electrodes of the driving transistor included in the
selected sub-pixel.

10. A method of driving an OLED display device, com-
prising:

supplying a black voltage to driving transistors included

in all sub-pixels of a display panel; and

outputting a stress prevention voltage for preventing a

stress of the driving transistors included in the sub-
pixels of the display panel,

wherein the stress prevention voltage is applied to a

driving transistor, included in at least one sub-pixel of
first to N-th groups (N being an integer equal to or
greater than 4) composed of sub-pixels, for each frame.

11. The method of driving the OLED display device
according to claim 10, wherein one of the first to N-th groups
is selected in ascending order, descending order or random
order, and the stress prevention voltage is applied to a
driving transistor included in at least one sub-pixel of the
selected group.

12. The method of driving the OLED display device
according to claim 10, wherein the stress prevention voltage
has a skip period in which the stress prevention voltage is
not output according to images.

13. The method of driving the OLED display device
according to claim 10, wherein the stress prevention voltage
is applied to a driving transistor included in one sub-pixel
selected from a white sub-pixel, a red sub-pixel, a green
sub-pixel and a blue sub-pixel.

14. The method of driving the OLED display device
according to claim 10, wherein the stress prevention voltage
is selected as a positive voltage for preventing a negative
bias thermal illumination stress (NBTIS) of the driving
transistors included in the sub-pixels.

15. The method of driving the OLED display device
according to claim 10, wherein the level of the stress
prevention voltage is higher than the level of a black voltage
applied to the display panel.

16. The method of driving the OLED display device
according to claim 13, wherein the stress prevention voltage
is applied to gate and source electrodes of the driving
transistor included in the selected sub-pixel.
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