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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thisapplication claims the priority of Korean Patent
Application No. 10-2014-0177877 filed on Dec. 10, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field

[0003] The present disclosure relates to an organic light
emitting diode (hereinafter, referred to as OLED) display
device.

[0004] 2. Description of the Related Art

[0005] Each of a plurality of pixels constituting an OLED
display device includes an OLED which includes an anode, a
cathode, and organic light emitting layers in between the
anode and the cathode, and a pixel circuit independently
driving the OLED. The pixel circuit primarily includes a
switching thin film transistor (hereinafter, referred to as TFT),
a capacitor, and a driving TFT. The switching of TFT charges
data voltage in the capacitor in response to a scan pulse, and
the driving of TFT controls an electric current amount sup-
plied to the OLED according to the data voltage charged in the
capacitor to control the amount of light emission of the
OLED.

[0006] That is, the OLED display device as a self-light
emitting type display device does not require a separate light
source, and as a result, the OLED display device can be
fabricated with a small weight and a thin film unlike a liquid
crystal display device. Further, the OLED display device is
researched as the next-generation display device in many
different fields because the OLED display device is advanta-
geous in terms of power consumption due to the use of low-
voltage, color implementation, a response speed, a viewing
angle, and a brightness contrast ratio (CR).

[0007] In the OLED display device having such advan-
tages, differences in the threshold voltage and mobility of the
driving TFT may occur for each pixel due to a process devia-
tion, and the like. The voltage drop of a high-potential voltage
VDD occurs and the amount of current driving the OLEDs
varies. As a result, a luminance deviation between the pixels
occurs. In general, there is a problem in that an unintended
spot, stain or pattern is generated on a screen due to an initial
characteristic difference of the driving TFTs. A characteristic
difference due to the deterioration of the driving TFTs, which
occurs while driving the OLEDs, decreases the life-span of an
OLED display panel or causes an afterimage of the OLED
display panel. Therefore, an attempt is continuously made to
introduce a compensation circuit that compensates the char-
acteristic deviation of the driving TFTs and compensates the
voltage drop of the high-potential voltage VDD to improve an
image quality by decreasing the luminance deviation between
the pixels.

SUMMARY OF THE INVENTION

[0008] Inrecent years, while a demand for a wearable dis-
play device has rapidly increased, there has particularly been
anew issue to minimize power consumption in the wearable
display device having compact design. Therefore, in driving
an OLED display device having a compensation circuit in a
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pixel structure, the need to design the pixel structure and drive
the OLED display device to minimize power consumption
has been a key challenge.

[0009] In order to address this and other problems, an
object ofthe present disclosure is to provide an OLED display
device and a driving method thereof, which can minimize
power consumption in driving an OLED display device hav-
ing a compensation circuit compensating a characteristic
deviation of a driving TFT, which is provided in a pixel
structure.

[0010] In order to achieve these objects, an OLED display
device according to an exemplary embodiment of the present
disclosure is an OLED display device which may be switched
to a normal mode and a black mode according to gray scale
while being driven. In other words, the OLED display device
according to the exemplary embodiment of the present dis-
closure includes a pixel driven in a black mode when an image
in which a threshold voltage of a driving TFT need not accu-
rately be sensed.

[0011] In more detail, in the OLED display device accord-
ing to the exemplary embodiment of the present disclosure, in
a black mode in which a threshold voltage of a driving TFT
need not accurately be sensed, a low voltage value of zero or
less is constantly and continuously supplied to a data line
during an initialization period, a sampling period, and a pro-
gramming period in a pixel. As a result, when the pixel is
driven in the black mode, reference voltage and data voltage
having different values are not alternately supplied to the data
line to minimize power consumption.

[0012] According to an aspect of the present disclosure, an
OLED display device includes: a gate driver; a gate line
extending from the gate driver; and a data line applying data
voltage to a pixel which corresponds to a point where the gate
line and a data line cross each other and including an internal
compensation pixel driving circuit. In addition, in the OLED
display device according to the aspect of the present disclo-
sure, while the pixel implements a black color, only one
voltage value is present, wherein the voltage value is applied
to the pixel from the data line by applying data voltage to the
pixel.

[0013] According to another aspect, an OLED display
device includes: a gate driver; a gate line extending from the
gate driver; and a plurality of pixels corresponding to points
where the gate line and a data line cross each other and
including an internal compensation pixel driving circuit. In
the OLED display device according to the aspect of the
present disclosure, when at least one pixel of the plurality of
pixels emits light in order to display a color other than a black
color, internal compensation is performed in the pixel. Fur-
ther, when at least one pixel of the plurality of pixels displays
the black color, the internal compensation is not performed in
the pixel which displays the black color.

[0014] According to yet another aspect, an OLED display
device includes: a display panel including a plurality of pixels
including an OLED and an internal compensation pixel driv-
ing circuit; and a gate driver and a data driver implemented to
drive the display panel, and the datadriver includes a memory
storing video data of the display panel. In the OLED display
device according to the aspect of the present disclosure, an
entire gray scale which is expressed by the pixels is divided
into a low-gray scale as a gray scale close to a black and a
high-gray scale as a gray scale close to a white. In accordance
with the video data, the pixel corresponding to the low-gray
scale is driven in a black mode in which internal compensa-
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tion is not performed in the internal compensation pixel driv-
ing circuit. Further, the pixel corresponding to the high-gray
scale is driven in a normal mode in which the internal com-
pensation is performed in the internal compensation pixel
driving circuit.

[0015] In the pixel driven in the black mode, DC voltage
having a minus (i.e., negative) value or zero value is con-
stantly and continuously supplied to a data line during an
initialization period, a sampling period, and a programming
period in a pixel. When the pixel is driven in the black mode,
a reference voltage and a data voltage do not have different
values so as to prevent inconstant voltage values to be sup-
plied to the data line. As a result, power consumption can be
minimized by prevention or minimization of fluctuation in
voltage value which is supplied to the data line.

[0016] According to the present disclosure, an OLED dis-
play device can be provided, in which a luminance deviation
among pixels is reduced by compensating a characteristic
deviation of a driving TFTs among the pixels and compen-
sating voltage drop of high-potential voltage VDD to achieve
an improved image quality.

[0017] According to the present disclosure, an OLED dis-
play device can be provided, in which a capacitance ratio of
the first capacitor is relatively reduced by providing a second
capacitor connected to a first capacitor (for example, in
series) to improve luminance of an OLED.

[0018] According to present disclosure, an OLED display
device that compensates a deviation of mobility of the driving
TFTs among the pixels can be provided.

[0019] According to present disclosure, an OLED display
device can be provided, in which in the case where the pixel
displays black, it is determined that the corresponding pixel
need not accurately sense a threshold voltage of the driving
TFT to drive the corresponding pixel in a black mode.
[0020] According to the present disclosure, an OLED dis-
play device can be provided, in which when the pixel is driven
in the black mode, since reference voltage and data voltage
having different values need not alternately be supplied to a
data line of the corresponding pixel, power consumption can
be minimized.

[0021] According to the present disclosure, an OLED dis-
play device can be provided, which minimizes power con-
sumption to reduce battery consumption and minimize the
size of battery.

[0022] The effects of the present disclosure are not limited
to the aforementioned effects, and other various effects are
included in the present specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0024] FIG.11isa configuration diagram of'an organic light
emitting diode (OLED) display device according to an
embodiment of the present invention;

[0025] FIG.2isa driving timing diagram in a normal mode
of a pixel P illustrated in FIG. 1;

[0026] FIGS.3,4A, and 4B arecircuit diagrams of the pixel
P illustrated in FIG. 1; and

[0027] FIG.5is adriving timing diagramina black mode of
the pixel P illustrated in FIG. 1.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] Hereinafter, an OLED display device and a driving
method thereof according to exemplary embodiments of the
present disclosure will be described in detail with reference to
the accompanying drawings.

[0029] In the present disclosure, a TFT may be constituted
by a P type or an N type and in the exemplary embodiments
described below, it is described that the TFT is constituted by
the N type for easy description. Therefore, a gate high voltage
VGH as a voltage higher than threshold voltage of the TFT is
a gate-on voltage to turn on the TFT and a gate low voltage
VGL as a voltage lower than the threshold voltage of the TFT
is a gate-off voltage to turn off the TFT. In addition, in
describing a pulse type signal, a state of the gate high voltage
VGH is defined as “high state” and a state of the gate low
voltage VGL is defined as “low state”.

[0030] FIG. 11s a configuration diagram of an organic light
emitting diode (OLED) display device according to an exem-
plary embodiment of the present disclosure. All the compo-
nents of the OLED display device according to all the
embodiments of the present disclosure are operatively
coupled and configured.

[0031] The OLED display device illustrated in FIG. 1
includes a display panel 2, a gate driver 4, a data driver 6, and
atiming controller 8. In the display panel 2, a plurality of gate
lines GLs and data lines DLs cross each other to define each
pixel P. The gate driver 4 is connected with the plurality of
gate lines GLs to supply electrical signals to the plurality of
gate lines GLs. The data driver 6 is connected with the plu-
rality of data lines DLs to supply electrical signals to the
plurality of data lines DLs. The timing controller 8 processes
video data RGB input from the outside to supply the pro-
cessed video data RGB to the data driver 6 and outputs a gate
control signal GCS and a data control signal DCS to control
the gate driver 4 and the data driver 6.

[0032] A scheme is provided which measures a character-
istic of driving TFTs outside the pixels (for example, timing
controller 8) to compensate a deviation of the driving TFTs. A
scheme is provided which measures a characteristic of the
pixel or the characteristic of the driving TFT in the pixel
outside the pixels (for example, timing controller 8), and a
result measured in the timing controller disposed outside the
display panel is calculated. Further, a driving voltage consti-
tuted by the sum of a data voltage and a compensation voltage
1s applied to each pixel to compensate the driving TFT of each
pixel. A scheme is provided which may compensate the
deviation of the driving TFTs by a driving integrated circuit in
a pixel and a memory for compensation outside the display
panel, under the system that separately performs (1) sensing
the threshold voltage of the driving TFT included in a pixel
driving circuit and (2) driving the pixel driving circuit when
the display panel is on (i.e., the screen displays an image).
These schemes belong to external compensation.

[0033] Meanwhile, aschemeis provided in which a slightly
complicated pixel driving circuit including three or more
TFTs is embedded, and as a result, the pixel in the display
panel may autonomously compensate the deviation of the
driving TFT. Further, a scheme is provided which may com-
pensate the driving TFT of each pixel in real time while
driving the display panel. That is, a scheme is provided which
may compensate the deviation of the driving TFTs while
sensing the threshold voltage of the driving TFT included in
the pixel driving circuit and driving the pixel driving circuit
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during displaying an image are almost simultaneously per-
formed. These schemes belong to internal compensation.

[0034] Each pixel P includes an OLED and the pixel driv-
ing circuit which includes a driving TFT DT supplying driv-
ing current to the OLED to independently drive the OLED. In
addition, the pixel driving circuit as a pixel driving circuit
capable of performing the internal compensation is config-
ured to compensate a characteristic deviation of the driving
TFT DT and voltage drop of a high-potential voltage VDD to
reduce a luminance deviation between the respective pixels P.

[0035] The display panel 2 includes the plurality of gate
lines GLs and the plurality of data lines DLs which cross each
other and a plurality of pixels P are provided in cross areas or
adjacent areas of the gate lines GLs and the data lines DLs.
Each pixel P includes the OLED and the pixel driving circuit.
In addition, each pixel is connected to the gate line GL, the
data line DL, a high-potential voltage (VDD) supply line, a
low-potential voltage (VSS) supply line, and an initialization
voltage (Vinit) supply line.

[0036] The gate driver 4 supplies a plurality of gate signals
to the plurality of gate lines GLs according to a plurality of
gate control signals GCS provided from the timing controller
8. The plurality of gate signals includes first and second scan
signals SCAN1 and SCAN2 and an emission signal EM and
the signals are supplied to each pixel P through the plurality of
gate lines GLs. In FIG. 1, it is illustrated that the gate driver 4
is disposed outside the display panel 2, but the gate driver 4
may be directly disposed in the display panel 2 by the same or
similar process as a pixel array in a gate in panel (GIP)
scheme.

[0037] A high-potential voltage VDD is relatively higher
than a low-potential voltage VSS. The low-potential voltage
VSS may be the ground voltage.

[0038] Aninitialization voltage Vinit is lower than the driv-
ing voltage of the OLED of each pixel P.

[0039] The data driver 6 converts digital video data RGB
input from the timing controller 8 according to a plurality of
data control signals DCS provided from the timing controller
8 into data voltage Vdata by using reference gamma voltage.
In addition, the converted data voltage Vdata is supplied to a
plurality of data lines DL. Meanwhile, the data driver 6 out-
puts the data voltage Vdata only for a programming period t3
(see FIG. 2) of each pixel P and may supply reference voltage
Vref to a plurality of data lines DL for the remaining period.

[0040] The timing controller 8 processes video data RGB
input from the outside according to a size and a resolution of
the display panel 2 to supply the processed video data to the
data driver 6. The timing controller 8 generates a plurality of
gate and data control signals GCS and DCS by using synchro-
nization signals SYNC input from the outside, for example, a
dotclock signal DCLK, a data enable signal DE, a horizontal
synchronization signal Hsync, and a vertical synchronization
signal Vsync. In addition, the plurality of generated gate and
data control signals GCS and DCS are supplied to the gate
driver 4 and the data driver 6, respectively, to control the gate
driver 4 and the data driver 6.

[0041] Hereinafter, the pixel P included in the OLED dis-
play device according to the exemplary embodiment of the
present disclosure will be described in more detail.

[0042] Thepixel Paccording to the exemplary embodiment
of the present disclosure basically operates dividedly during
an initialization period tl, a sampling period t2, a program-
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ming period t3, and a light emission period t4 according to a
pulse timing of the plurality of gate signals supplied to the
corresponding pixel P.

[0043] In the initialization period t1, the pixel P displays a
black color by applying initialization voltage to a driving TFT
DT to remove an influence by the data voltage Vdata of a
previous frame before sensing the threshold voltage of the
driving TFT DT of the pixel P. Therefore, initialization is
achieved. For the initialization period t1, a current flow to the
OLED is suppressed. The initialization period t1 isa period in
which voltage applied between a gate node (that is, a first
node N1 of FIG. 3) and a source node (that is, a second node
N2 of FIG. 3) of the driving TFT DT of the pixel P is larger
than threshold voltage Vth of the driving TFT DT. That is, the
initialization period t1 is a period in which a voltage differ-
ence Vgs between the gate and the source of the driving TFT
DT is larger than the threshold voltage Vth of the driving TFT
DT. For example, in the pixel P driven by a pixel driving
circuit according to the circuit diagram of FIG. 3, the initial-
ization period t1 may be a period in which when a first scan
signal SCANI is output to a high state, a second scan signal
SCAN2 is output to a high state and then to a low state, an
emission signal EM is output to a low state, and the reference
voltage Vref is input to the data line DL.

[0044] The sampling period t2 is a period in which the
threshold voltage of the driving TFT DT of the pixel P is
sensed and sampled. For example, in the pixel P driven by the
pixel driving circuit according to the circuit diagram of FIG.
3, the sampling period t2 may be a period in which when both
the first scan signal SCANT and the emission signal EM are
together output to a high state and simultaneously, the second
scan signal SCAN2 is output to a low state, and the reference
voltage Vref is input to the data line DL.

[0045] The programming period t3 is a period in which the
data voltage Vdata is stored in a capacitor of the pixel P. For
example, in the pixel P driven by the pixel driving circuit
according to the circuit diagram of FIG. 3, the programming
period t3 may be a period in which when the first scan signal
SCAN1 is output to a high state and simultaneously, both the
second scan signal SCAN2 and the emission signal EM are
together output to a low state, and the data voltage Vdata is
input to the data line DL.

[0046] A holding period may be present between the pro-
gramming period t3 and the emission period t4. For example,
in the pixel P driven by the pixel driving circuit according to
the circuit diagram of FIG. 3, the holding period may be a
period in which all of the first scan signal SCANT, the second
scan signal SCAN2, and the emission signal EM are together
output to the low state. The operation of a pixel may proceed
directly from the programming period t3 to the emission
period t4 without the holding period.

[0047] The emission period t4 is a period in which the
OLED receives current from the driving TFT DT in response
to the data voltage Vdata written in the capacitor of the pixel
P to emit light. For example, in the pixel P driven by the pixel
driving circuit according to the circuit diagram of FIG. 3, the
emission period t4 may be a period in which the emission
signal EM is output to a high state and simultaneously, both
the first and second scan signals SCAN1 and SCAN2 are
together output to the low state.

[0048] Meanwhile, the data driver 6 of the pixel P illus-
trated in FIG. 1 supplies the data voltage Vdata to the plurality
of data lines DL by synchronizing for the programming
period t3 of each pixel P. In addition, the data driver 6 supplies
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the reference voltage Vref to the plurality of data lines DL by
synchronizing the initialization period t1 and the sampling
period t2. The data driver 6 may supply the reference voltage
Vref to the plurality of data lines DL or may not supply any
voltage value by synchronizing the emission period t4.
[0049] FIGS. 3, 4A, and 4B are examples of pixel driving
circuits of the pixel P illustrated in FIG. 1.

[0050] Referring to FIG. 3, the pixel P includes an OLED,
four TFTs including the driving TFT DT, and two capacitors
and may include a pixel driving circuit driving the OLED. In
detail, the pixel driving circuit of FIG. 3 includes the driving
TFT DT, first to third TFTs, T1 to T3, and first and second
capacitors, C1 and C2. The so-called “pixel driving circuit
with a 4T2C structure” may be modified in various forms
according to the overall structure and an object of the OLED
display device. Further, the concepts of the present disclosure
may be applied and adopted even to the pixel driving circuit
with various modified different pixel structures.

[0051] The driving TFT DT is connected between a high-
potential voltage VDD supply line and a low-potential volt-
age VSS supply line (for example, in series) with the OLED.
The driving TFT DT supplies the current for driving the
OLED to the OLED for the emission period t4.

[0052] The first TFT T1 is turned on or off according to the
first scan signal SCAN1 and connects the dataline DL and the
first node N1 connected to the gate of the driving TFT DT to
each other when the first TFT T1 is turned on. The first TFT
T1 supplies the reference voltage Vref supplied from the data
line DL to the first node N1 for the initialization period t1 and
the sampling period t2. In addition, the data voltage Vdata
supplied from the data line DL is supplied to the first node N1
for the programming period t3.

[0053] The second TFT T2 is turned on or off according to
the second scan signal SCAN2 and connects an initialization
voltage Vinit supply line and the second node N2 connected to
the source of the driving TFT DT to each other when the
second TFT T2 is turned on. The second TFT T2 supplies the
initialization voltage Vinit supplied from the initialization
voltage Vinit supply line for the initialization period t1 to the
second node N2.

[0054] Thethird TFT T3 is turned on or off according to the
emission signal EM and supplies the high-potential voltage
VDD to the drain of the driving TFT DT when the third TFT
T3 is turned on. The third TFT T3 supplies the high-potential
voltage VDD supplied from a high-potential voltage VDD
supply line to the drain of the driving TFT DT for the sam-
pling period t2 and the emission period 4.

[0055] The first capacitor C1 is connected between the first
and second nodes N1 and N2. The first capacitor C1 stores the
threshold voltage Vth of the driving TFT DT for sampling
period 12 and stores a voltage value obtained by adding the
threshold voltage Vth of the driving TFT DT and the data
voltage Vdata ofthe first node N1 for the programming period
3.

[0056] The second capacitor C2 is connected between the
initialization voltage Vinit supply line and the second node
N2. The second capacitor C2 is connected with the first
capacitor C1 (for example, in series) to be implemented so
that a combined capacitance value of the first capacitor C1
and the second capacitor C2 is relatively smaller than a
capacitance value of the first capacitor C1 when the second
capacitor C2 is not connected with the first capacitor C1 (for
example, in series). As a result, the second capacitor C2
serves to improve luminance of the OLED as compared with
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the data voltage Vdata which is applied to the first node N1 for
the programming period t3. Meanwhile, the second capacitor
C2 may be connected between the high-potential voltage
VDD supply line and the second node N2 as illustrated in
FIG. 4a. In addition, as illustrated in FIG. 4B, the second
capacitor C2 may also be connected between the low-poten-
tial voltage VSS supply line and the second node N2.

[0057] Since the OLED is a self-light emitting element,
when the pixel P implements the black color, no current flows
on the OLED of the corresponding pixel P. Nevertheless, in
the display panel in the related art, when the pixel including
the OLED implements the black color, a gray data value (for
example, data voltage) corresponding to the black color is
continuously applied to the pixel. As a result, dynamic power
is continuously consumed in the data driver even though no
current flows on the OLED. In other words, the pixel displays
the black color having a low gray. As a result, the reference
voltage and the data voltage having a lower value than the
reference voltage are still alternately applied as the voltage
supplied to the data line of the corresponding pixel even in the
state in which no current flows on the OLED of the pixel.
Therefore, power consumption of the display panel increases,
and as a result, a battery is rapidly consumed or has large size
for bulk capacity.

[0058] The inventors of the present disclosure attempt to
address a battery consumption issue due to high power con-
sumption of the display panel in the related art. The inventors
of the present disclosure recognized that unintended spot,
stain or pattern is minimized as compared with the case of
implementing a relatively high-gray color when the pixel P
implements the low-gray color (for example, the black color).
That is, the inventors recognized that brightness contrast ratio
has a significant impact on the pixel P that implements black
color because an unwanted spot, stain or pattern is not recog-
nized by a user at black color. In other words, when the
respective pixels P implement the black color, an unintended
spot, stain or pattern displayed on the screen, caused due to
the characteristic deviation among the respective TFTs (DTs)
of the respective pixels P does not become an issue. As a
result, the internal compensation is not required in the pixel P
implementing the black color. The characteristic deviation of
the driving TFT (DT) need not be compensated when the
pixel P implements the black color, for example, a process of
alternately supplying the reference voltage Vref and the data
voltage Vdata having different values to the data line DL is
not performed. As a result, the characteristic deviation of the
driving TFT (DT) may not be compensated. That is, when the
pixel P implements the color black, a method of approxi-
mately or roughly sensing the threshold voltage Vth of the
driving TFT (DT) or not even sensing the threshold voltage
Vth by the pixel driving circuit may be adopted.

[0059] When the pixel P implements the color black, the
pixel driving circuit of the pixel P need not follow the normal
mode illustrated in FIG. 2. As a result, the inventors of the
present disclosure have invented an OLED display device in
which the black mode is additionally introduced in addition to
the normal mode, as a kind of driving mode. The black mode
refers toa driving mode of the pixel driving circuit of the pixel
P when any pixel P of the display panel 2 implements the
color black. Alternatively, the black mode is a driving mode of
the pixel driving circuit of the pixel P in the case where any
pixel P is viewed as the black color by the eye of the user when
the OLED display device operates. In the black mode, the
internal compensation is not performed when the pixel P is
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driven by the pixel driving circuit. In other words, in the black
mode, a process of compensating characteristic variation of
the driving TFT (DT) of the pixel P is not performed. That is,
a pixel driving circuit of the pixel which is driven in the black
mode (1) approximately or roughly senses the threshold volt-
age Vth of the driving TFT (DT), or (2) not even senses the
threshold voltage Vth of the driving TFT (DT). In other
words, when at least one pixel of the plurality of pixels
included in the display panel 2 emits light in order to display
a color other than the black color, the internal compensation
is performed. Further, the internal compensation is not pet-
formed when at least one pixel displays the black color.
[0060] Hereinafter, a driving method of the pixel P accord-
ing to the exemplary embodiment of the present disclosure
will be described with reference to various accompanying
drawings.

[0061] First, in the OLED display device according to the
exemplary embodiment of the present disclosure, one exem-
plary embodiment of the driving method of the pixel driving
circuit when the pixel P is in a normal mode will be described
with reference to FIGS. 2 and 3.

[0062] FIG.2isa driving timing diagram in a normal mode
of the pixel P illustrated in FIG. 1.

[0063] Whether any pixel P is driven in the normal mode
may be determined by image data (for example, video data
RGB) which are temporarily stored in the data driver 6.
[0064] First, for the initialization period t1, the first TFT T1
and the second TFT T2 are turned on. Then, in the data driver
6, the reference voltage Vref supplied to the data line DL is
supplied to the first node N1 through the first TFT T1. Also,
the initialization voltage Vinit supplied to the initialization
voltage Vinit supply line is supplied to the second node N2
and thus the pixel P is initialized. Regardless of whether the
data voltage Vdata with any value is input to each pixel P
before, each of the nodes N1, N2, and N3 of each pixel P has
the same voltage for each pixel P through initialization. In this
case, a difference between the reference voltage Vref applied
to the first node N1 and the initialization voltage Vinit applied
to the second node N2 becomes the voltage difference Vgs
between the gate and the source of the driving TFT DT. While
the pixel P is initialized, the voltage difference Vgs between
the gate and the source of the driving TFT DT has a larger
value than the threshold voltage Vith of the driving TFT DT.
[0065] Subsequently, for the sampling petiod t2, the first
TFT T1 and the third TFT T3 are turned on. That is, even for
the sampling period t2, the reference voltage Vref'is continu-
ously supplied to the data line DL like the initialization period
tl. Further, the second TFT T2 is turned off and the third TFT
T3 is turned on and thus, the first node N1 maintains the
reference voltage Vref. In addition, the driving TFT DT is
turned off when current flows toward the source from the
drain and then the source voltage becomes “Vref-Vth” while
the drain is floated to the high-potential voltage VDD.
[0066] That is, while the first TFT T1 is turned on and the
voltage difference Vgs between the gate and the source of the
driving TFT DT is larger than the threshold voltage Vth, the
current flows in the driving TFT DT. In this case, in the
driving TFT DT, current corresponding to a potential
obtained by subtracting the threshold voltage Vth from the
voltage difference Vigs between the gate and the source of the
driving TFT DT stored in the first capacitor C1 flows. That is,
until the source voltage of the driving TFT DT becomes
“Vref-Vth”, the current flows in the driving TFT DT. In other
words, until the voltage value of the second node N2 becomes
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“Vref-Vth”, the current flows toward the source from the
drain of the driving TFT DT. Subsequently, for the program-
ming period t3, the third TFT T3 is turned off and the first TEFT
T1 is turned on. Then, in the data driver 6, the data voltage
Vdata supplied to the data line DL is supplied to the first node
N1 through the first TFT T1.

[0067] Then, as a coupling phenomenon occurs according
to voltage distribution by a serial capacitance of the first
capacitor C1 and the second capacitor C2, the voltage of the
second node N2 becomes “Vref-Vth+C'(Vdata-Vref)”.
Here, “C” represents “C1/(C1+C2+Coled)” as a combined
capacitance and “Coled” represents a capacitance of the
OLED. Sincethe second capacitor C2 connected with the first
capacitor C1 (for example, in series) is additionally included,
a capacitance ratio of the first capacitor C1 is relatively
decreased and thus, the luminance of the OLED may be
improved as compared with a case where the second capacitor
C2 is not included. That is, since the second capacitor C2 is
additionally included, a combined capacitance C' is smaller
than the capacitance of the first capacitor C1. Thus, the lumi-
nance of the OLED according to the data voltage Vdata
applied to the first node N1 for the programming period t3
may be improved as compared with the case where the
capacitor C2 is not included.

[0068] For the programming period t3, since the third TEFT
T3 is turned off, the current does not flow in the driving TFT
DT.

[0069] Subsequently. for the emission period t4, the third
TFT T3 is turned on. Then, the high-potential voltage VDD is
applied to the drain of the driving TFT DT through the third
TFT T3 and the driving TFT DT supplies driving current to
the OLED. In this case, Equation of the driving current sup-
plied to the OLED from the driving TFT DT becomes
“loled=K(Vdata-Vref-C'(Vdata—Vref))*”. In this equation,
it can be seen that an effect of the threshold voltage Vth of the
driving TFT DT and the high-potential voltage VDD is
excluded in the driving current “Ioled” of the OLED. Accord-
ingly, the pixel P of the present disclosure compensates for a
characteristic deviation of the driving TFT DT and a voltage
drop of the high-potential voltage VDD to reduce a luminance
difference between the pixels P. Meanwhile, the present dis-
closure may compensate for a deviation of mobility among
the driving TFTs DT by adjusting a rising time when the
emission signal EM is converted from the low state to the high
state at a start time of the emission period t4.

[0070] As such, in the OLED display device including the
pixel P with the pixel driving circuit of FIG. 3, whether each
pixel P is driven in the normal mode is determined based on
the image data (for example, the video data RGB) which are
temporarily stored in the data driver 6. In addition, the voltage
supplied to each data line DL in the data driver 6 of the pixel
P driven in the normal mode is continuously and repeatedly
converted and supplied into the reference voltage Vref and the
data voltage Vdata. When the pixel P is driven in the normal
mode, the reference voltage Vref value and the data voltage
Vdata value which are supplied to each data line DL in the
data driver 6 have different values.

[0071]  As such, in order to alternately supply the reference
voltage Vref and the data voltage Vdata having different
values to the data line DL of the pixel P which is constantly
driven in the normal mode, in an output amplifier of the data
driver 6, the reference voltage Vrefand the data voltage Vdata
having different values need to be continuously and alter-
nately output. In other words, continuous supply of dynamic
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power to the data driver 6 is required so that the voltage value
applied to the data line DL is continuously and alternately
changed and applied.

[0072] Meanwhile, when the pixel P is driven in a black
mode, for all periods except for the emission period t4 of the
corresponding pixel P, the reference voltage Vref and the data
voltage Vdata supplied to the data line DL may have the same
value. That is, the reference voltage Vref value and the data
voltage Vdata value supplied to the data line DL have the
same value and thus, different voltage values may not be
alternately supplied to the data line DL of the corresponding
pixel P. That is, when the pixel P is driven in the black mode,
only one sufficient and constant voltage value as (1) the data
voltage Vdata with a gray value corresponding to a black
color and (2) the reference voltage Vref may be applied to the
data line DL of the corresponding pixel P. In order to apply
one constant voltage value, it 1s sufficient to use DC voltage
and thus, power consumption may be reduced as compared
with a case where AC voltage is used for alternating supply.
Meanwhile, as the voltage value with a lower value than the
reference voltage Vref in the normal mode is supplied to the
data line DL of the corresponding pixel P during the sampling
period t2, the threshold voltage Vth of the driving TFT DT
may not be accurately sensed for the sampling period t2.

[0073] As described above, when the pixel P is in the black
mode, the reference voltage Vref and the data voltage Vdata
having the same value are supplied to the data line DL (for
example, in series) for a period in which the voltage is sup-
plied to the data line DL of the corresponding pixel P. Thus,
only one constant voltage value from the output amplifier of
the data driver 6 may be input to the pixel P only when the
pixel P is in the black mode. Accordingly, the consumption of
the dynamic power of the data driver 6 may be reduced. As a
result, the power consumption of the display panel 2 is
reduced and thus, the consumption of the battery is reduced or
the size of the battery is reduced. For example, when the
image is displayed in the OLED display device, the entire
color of the display panel 2 may be a black color such as a
basic user interface (Ul) environment on the screen may be
implemented as a black background. When the entire color of
the display panel 2 may be black, the power saving is maxi-
mized using the black mode as a driving mode of the display
panel. In addition, which pixel P needs to be implemented as
the black color is determined by sensing the image displayed
in the OLED display device in real time and thus, the corre-
sponding pixel P may also be driven in the black mode. As
such, when the OLED display device operates so that the
plurality of pixels P or most of the pixels P of the display panel
2 are implemented as the black color, the effects according to
the present disclosure are further maximized.

[0074] Hereinafter, a black mode in the OLED display
device according to the exemplary embodiment ofthe present
disclosure will be described in more detail.

[0075] Image data (for example, video data RGB) dis-
played by the display panel 2 is stored in a memory (for
example, a line memory, a frame memory, or the like) that is
present in the data driver 6. Considering the image data (for
example, video data RGB) stored in the memory of the data
driver 6, the display panel 2 determines which gray level each
pixel P is in. For example, the display panel 2 determines
which gray level each pixel P corresponds to when the gray
which may be expressed in the pixel P is leveled to 0 (full-
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black) to 255 (full-white) based on the image data (for
example, video data RGB) stored in the memory of the data
driver 6.

[0076] The pixel P is viewed by the user as a black color in
various cases. For example, when the gray that may be
expressed in the pixel P is leveled to 0 (full-black) to 255
(full-white), a case in which the corresponding pixel P corre-
sponds to gray zero and an adjacent gray to gray zero may be
regarded as the case in which the pixel P is viewed as the color
black by the user. When the gray that may be expressed in the
pixel P is leveled to 0 (full-black) to 255 (full-white), grays 0
to 255 are divided into a low-gray scale which may be viewed
as a substantially black color and residues in other high-gray
scales. The low-gray scale is viewed by the user as the color
of the pixel P as the black color and the high-gray scale is
viewed the color of the pixel Pas a non-black color. In general,
inter-gray visual distinction in a low-gray scale is difficult to
be viewed by the eye of the user as compared with inter-gray
visual distinction in a high-gray scale. Therefore, the case in
which the corresponding pixel P is viewed as the black color
may include even a case in which the pixel P corresponds to
gray zero and any one of adjacent values of gray zero.
[0077] Thelow-gray scale corresponding to the black mode
may be defined as, for example, the case in which the corre-
sponding pixel is gray zero. Alternatively, by considering
various components such as an environment and a type of an
image primarily displayed on the display panel 2, the low-
gray scale corresponding to the black mode may be config-
ured to include gray zero to the adjacent grays (i.e., gray 20 or
gray 25). For example, the low-gray scale corresponding to
the black mode is a gray scale at a level at which the unwanted
spot, stain or pattern is not recognized by the user even though
internal compensation is not performed and the section may
be from gray zero to gray 25.

[0078] In this case, digital video data RGB for any pixel P
is input from a digital to analog converter (DAC) of the data
driver 6 to be converted and output into analog voltage con-
sidering gray expression through the digital to analog con-
verter. Data voltage Vdata formed through an output buffer
and a channel of the digital to analog converter is input into
the pixel P. In this case, when the gray corresponding to the
data voltage Vdata inputted to the corresponding pixel P is
included in the low-gray scale, the corresponding pixel P is
driven in the black mode. In addition, when the gray corre-
sponding to the data voltage Vdata inputted to the correspond-
ing pixel P is included in the high-gray scale, the correspond-
ing pixel P is driven in a normal mode.

[0079] Inthiscase, the black mode may be a mode in which
the threshold voltage Vth of the driving TFT DT is not sensed
in the pixel driving circuit. As a result, the internal compen-
sation is not performed when the pixel P implements the black
color. For example, the reference voltage Vref and the data
voltage Vdata of the corresponding pixel P may have the same
voltage value during a whole operating period other than a
light emission period t4 in order to suppress the threshold
voltage Vth of the driving TFT DT from being sensed. Alter-
natively, during the period other than the light emission
period t4, the reference voltage Vref and the data voltage
Vdata of the corresponding pixel P may be initialization
voltage Vinit which is a negative number value. Alternatively,
during the period other than the light emission period t4,
voltage lower than zero as the reference voltage Vref, that is,
zero or minus (i.e., negative) voltage may be supplied to the
data line DL of the corresponding pixel P.
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[0080] In other words, in the black mode, the threshold
voltage Vth of the driving TFT DT is sensed in the pixel
driving circuit during a sampling period t2, but the threshold
voltage Vth of the driving TFT DT may not be accurately
sensed (i.e., be only roughly sensed) when the pixel P imple-
ments the black color. For example, the black mode may be a
driving mode in which when the color of the pixel P imple-
ments black, during all period other than the light emission
period t4, there is a difference between the reference voltage
Vref of a first node N1 and the data voltage Vdata of a second
node N2. However, the difference between the reference volt-
age Vrefand the data voltage Vdata is smaller than the thresh-
old voltage Vth of the driving TFT DT. As a result, the thresh-
old voltage Vth of the driving TFT DT is not substantially
sensed as an accurate value.

[0081] As described above, when the data voltage Vdata
lower than the data voltage Vdata corresponding to the high-
gray scale driven in the normal mode is input into the corre-
sponding pixel P, it is determined that the corresponding pixel
P should be implemented as the black color and the corre-
sponding pixel P is driven in the black mode according to the
determination.

[0082] Next, an exemplary embodiment among driving
methods of the pixel driving circuit when the pixel P is in the
black mode in the OLED display device according to the
exemplary embodiment of the present disclosure will be
described with reference to FIGS. 5 and 3.

[0083] FIG.5isadriving timing diagram in the black mode
of the pixel P illustrated in FIG. 1. Basically, description of a
part which is the same as the driving timing diagram in the
normal mode ofthe pixel P in FIG. 2 will be omitted and a part
different from the driving timing diagram in FIG. 2 will be
primarily described.

[0084] While driving in the black mode of the pixel P
illustrated in FIG. 1, a value of the reference voltage Vref
applied to the data line DL in each data driver 6 during an
initialization period t1 and a sampling period t2 may be a
voltage value corresponding to the low-gray scale. That is,
sampling (alternatively, sensing) of the threshold voltage Vth
of the driving TFT DT for the internal compensation need not
be performed. Thus, it is sufficient that the data voltage Vdata
corresponding to the suitable gray for implementing the black
color of the pixel P as the reference voltage Vref during the
initialization period t1 and the sampling period 12 is fixedly
applied.

[0085] For example, when the initialization voltage Vinit
fixedly applied to a supply line of the initialization voltage
Vinit has a sufficiently low value as a voltage value corre-
sponding to the low-gray scale, while driving in the black
mode of the pixel P, the value of the reference voltage Vref
applied to the data line DL in each data driver 6 during the
initialization period t1 and the sampling period t2 may be the
same as the value of the initialization voltage Vinit. For
example, when the initialization voltage Vinit is the voltage
value of zero or negative value, while driving in the black
mode of the pixel P, the voltage value applied to each data line
DL in the data driver 6 during the initialization period t1 and
the sampling period t2 may also be the voltage value of zero
or negative value.

[0086] Alternatively, when the ground voltage of the dis-
play panel has the voltage value corresponding to the low-
gray scale, while driving in the black mode of the pixel P, the
value of the reference voltage Vref applied to each data line
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DL in the data driver 6 during the initialization period t1 and
the sampling period t2 may be the same as the value of the
ground voltage.

[0087] The data voltage Vdata applied to the pixel P during
a programming period t3 of m” frame (m is a positive integer)
may have the same value as the reference voltage Vref during
the initialization period t1 and sampling period t2 of m~1"
frame.

[0088] Thatis, during a period when the voltage is supplied
to the pixel P through the data line DL of the pixel P driven in
the black mode, direct current having only one voltage value
may be supplied to the pixel P through the data line DL.
Therefore, while driving the pixel P driven in the black mode,
supplying dynamic power to the data driver 6 is not required.
[0089] Further, in the pixel P driven in the black mode,
during all residual periods other than the light emission
period t4, one voltage value may be continuously supplied to
the data line DL. Therefore, a gate-source voltage difference
Vgs of the driving TFT DT has a value substantially close to
zero. In this case, one voltage value applied to the data line DL
may be the same voltage value as the initialization voltage
Vinit, for example, the voltage value of zero or negative value
in order to satisfy a condition as the data voltage Vdata cor-
responding to the low-gray scale.

[0090] Inmore detail, during the period when the voltage is
supplied to the data line DL of the pixel P in the black mode,
when the pixel P implements the black color, appropriate DC
voltage at a level to assure a brightness contrast ratio of the
black color needs to be constantly supplied to the data line
DL. That is, in order to implement black color in the pixel P,
the voltage supplied to the data line of the corresponding pixel
P needs to be particularly lower than OLED driving voltage.
To this end, exemplarily, voltage which is the same as the
initialization voltage Vinit as voltage used for initializing the
pixel driving circuit may be supplied to the data line DL of the
corresponding pixel P. That is, the voltage supplied to the data
line DI of the pixel P in the black mode may have the same
value as the voltage supplied to the supply line of the initial-
ization voltage Vinit. When the voltage which is the same as
the initialization voltage Vinit is supplied to the data line DL
of the corresponding pixel P, a voltage value of the second
node N2 is the same as a voltage value of the third node N3.
In other words, in the OLED display device according to the
exemplary embodiment of the present disclosure, when the
pixel P implements the black color, an appropriate DC volt-
age at a level to assure both (1) initialization of the pixel
driving circuit and (2) the brightness contrast ratio of the
black color may be supplied to the data line DL of the corre-
sponding pixel P.

[0091] Inthe OLED display device according to the exem-
plary embodiment of the present disclosure, at least one pixel
of a plurality of pixels P constituting the entirety of the dis-
play panel 2 may be driven or switched between the black
mode and the normal mode.

[0092] For example, only some pixels among all pixels P
included in the display panel 2 may be driven and switched
between the black mode and the normal mode. That is, only
aggregate group of the pixels P corresponding to a part of the
display panel 2, that is, a part of the display panel 2 may be
driven and switched between the black mode and the normal
mode. In this case, the time switching from the black mode to
the normal mode or from the normal mode to the black mode
may be the same for each pixel among the plurality of pixels
constituting the group of the pixels P corresponding to a part
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of the display panel 2. Alternatively, the time switching from
the black mode to the normal mode or from the normal mode
to the black mode may vary for each pixel among the plurality
of pixels constituting the group of the pixels P corresponding
to a part of the display panel 2.

[0093] For example, all pixels P included in the display
panel 2 may be driven and switched between the black mode
and the normal mode. In this case, all pixels P included in the
display panel 2 may be simultaneously driven and switched
from the black mode to the normal mode or from the normal
mode to the black mode. Alternatively, the time when all
pixels included in the display panel 2 may be simultaneously
driven and switched from the black mode to the normal mode
or from the normal mode to the black mode may vary for each
pixel. A case where all pixels P included in the display panel
2 are individually driven and switched from the black mode to
the normal mode or from the normal mode to the black mode
is most effective in terms of reducing power consumption.
[0094] In the OLED display device according to the exem-
plary embodiment of the present disclosure, only when all
grays corresponding to the data voltage Vdata input into the
plurality of pixels P constituting the entirety of the display
panel 2 correspond to the low-gray scale, the respective pixels
P may be driven together in the black mode. That is, the pixels
may be simultaneously driven and switched between the
black mode and the normal mode by the unit of the entirety
(for example, all pixels constituting the screen or one frame)
of the display panel 2. In this case, the case is effective in that
the pixels are integrally driven and switched without the need
to control the driving and switching of each pixel.

[0095] Alternatively, only when all grays corresponding to
the data voltage Vdata input into the plurality of pixels P
constituting at least one horizontal line correspond to the
low-gray scale, the respective pixels P constituting at least
one horizontal line may be together driven in the black mode.
That is, the pixels may be simultaneously drivenand switched
between the black mode and the normal mode by the unit of
the horizontal line of the display panel 2. In this case, the
black mode and the normal mode which vary may be driven
and switched between the respective horizontal lines. In this
case, the case is effective in that the driving and switching
need not be controlled for each pixel in the plurality of pixels
P constituting at least one horizontal line.

[0096] Alternatively, the group of the pixels P correspond-
ing to a part of the display panel 2, that is, a part of the display
panel 2 may be simultaneously driven and switched between
the black mode and the normal mode. In this case, only when
all grays corresponding to the data voltage Vdata input into
the plurality of pixels P constituting the group of the pixels P,
respectively correspond to the low-gray scale, the respective
pixels P corresponding to a part may be driven together in the
black mode. The group of the pixels P corresponding to the
part may be, for example, the plurality of pixels P constituting
one or more horizontal lines. Alternatively, the group of the
pixels P corresponding to the part may indicate, for example,
a group of pixels P corresponding to a part which is in an
inactive state in the display panel 2 when the display panel 2
just displays only simple information such as a logo, a mark,
a time or a date and is in a stand-by state for use of the user.
[0097] An OLED display device according to various
exemplary embodiments of the present disclosure may be
described as below.

[0098] The OLED display device according to an exem-
plary embodiment of the present disclosure includes: a gate
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driver; a gate line extending from the gate driver; and a data
line applying data voltage to a pixel which corresponds to a
point where the gate line and a data line cross each other and
including an internal compensation pixel driving circuit. In
addition, in the OLED display device according to the exem-
plary embodiment of the present disclosure, while the pixel
implements a black color, only one voltage value is present,
wherein the voltage value is applied to the pixel from the data
line by applying data voltage to the pixel.

[0099] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, the
voltage value is zero or a minus (i.e., negative) value.

[0100] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, the
voltage value is input as direct current.

[0101] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, an
entire gray scale which is expressed in the pixel is leveled to
010 255. The entire gray scale is divided into a low-gray scale
of 0 to 25 and a high-gray scale of 26 to 225, and the black
color corresponds to a color of the low-gray scale.

[0102] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, the
voltage value is the same as a value of initialization voltage
supplied from an initialization voltage supply line.

[0103] In another aspect, an OLED display device accord-
ing to an exemplary embodiment of the present disclosure
includes: a gate driver; a gate line extending from the gate
driver; and a plurality of pixels corresponding to points where
the gate line and a data line cross each other and including an
internal compensation pixel driving circuit. In the OLED
display device according to the exemplary embodiment of the
present disclosure, when at least one pixel of the plurality of
pixels emits light in order to display a color other than a black
color, internal compensation is performed and the internal
compensation is not performed when at least one pixel dis-
plays the black color.

[0104] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, at least
one pixel of the plurality of pixels does not sense, or only
roughly sense, threshold voltage ofa driving TFT included in
the internal compensation pixel driving circuit at the time of
displaying the black color.

[0105] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, at least
one pixel of the plurality of pixels includes all pixels included
in the display panel.

[0106] In yet another aspect, an OLED display device
according to an exemplary embodiment of the present disclo-
sure includes: a display panel including a plurality of pixels
including an OLED and an internal compensation pixel driv-
ing circuit; and a gate driver and a data driver implemented to
drive the display panel, and the data driver includes a memory
storing video data of the display panel. In the OLED display
device according to the exemplary embodiment of the present
disclosure, an entire gray scale which is expressed by the
pixels is divided into a low-gray scale as a gray scale close to
a black and a high-gray scale as a gray scale close to a white.
Further, in accordance with the video data, the pixel corre-
sponding to the low-gray scale is driven in a black mode in
which internal compensation is not performed in the internal
compensation pixel driving circuit. Also, the pixel corre-
sponding to the high-gray scale is driven in a normal mode in
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which the internal compensation is performed in the internal
compensation pixel driving circuit.

[0107] Further, the OLED display device according to the
exemplary embodiment of the present disclosure further
includes: a gate driver connected with a gate line and a data
driver connected with a data line. The internal compensation
pixel driving circuit is connected to the gate line, the data line,
and an initialization voltage supply line, and in the black
mode. While the pixel implements a black color, only one
voltage value is present, wherein the voltage value is applied
to the pixel from the data line by applying data voltage to the
pixel.

[0108] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, one
predetermined voltage value is zero or a minus (i.e., negative)
value.

[0109] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, one
predetermined voltage value is the same as a value of initial-
ization voltage supplied to the initialization voltage supply
line.

[0110] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, one
predetermined voltage value is applied as direct current.

[0111] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, the
internal compensation pixel driving circuit includes an OLED
and a driving TFT driving connected with the OLED (for
example, in series) to drive the OLED. In the normal mode,
characteristic variation of the driving TFT of the pixel corre-
sponding to the high-gray scale is compensated in the internal
compensation pixel driving circuit. However, in the black
mode, the characteristic variation of the driving TFT of the
pixel corresponding to the low-gray scale is not compensated
in the internal compensation pixel driving circuit.

[0112] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, the
internal compensation pixel driving circuit includes an OLED
and a driving TFT driving connected with the OLED (for
example, in series) to drive the OLED. In the normal mode,
threshold voltage of the driving TFT of the pixel correspond-
ing to the high-gray scale is sensed in the internal compensa-
tion pixel driving circuit. However, in the black mode, the
threshold voltage of the driving TFT of the pixel correspond-
ing to the low-gray scale is not sensed in the internal com-
pensation pixel driving circuit.

[0113] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, the
internal compensation pixel driving circuit includes an OLED
and a driving TFT driving connected with the OLED (for
example, in series) to drive the OLED. The black mode is a
driving mode including a period in which a difference
between gate voltage and source voltage ofthe driving TFT is
driven to be smaller than the threshold voltage of the driving
TFT.

[0114] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, only a
group of pixels corresponding to a predetermined part of the
display panel is implemented to perform as a switch between
driving in the black mode and driving in the normal mode.
[0115] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, the
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switch between driving in the black mode and driving in the
normal modeis implemented to perform by the unit of a frame
of the display panel.

[0116] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, only
when grays corresponding to data voltage input into each of a
plurality of pixels constituting the group of pixels corre-
sponding to a part of the display panel to a low-gray scale, the
group of pixels corresponding to a part of the display panel
are simultaneously driven in the black mode.

[0117] Further, in the OLED display device according to
the exemplary embodiment of the present disclosure, the
group of pixels corresponds to a part which is in an inactive
state in the display panel when the display panel just displays
only simple information such as a logo, a mark, a time or a
date and is in a stand-by state for use.

[0118] As described above, according to the present disclo-
sure, an OLED display device can be provided, in which a
luminance deviation among pixels is reduced by compensat-
ing a characteristic deviation of a driving TFT, and voltage
drop of high-potential voltage to achieve an improved image
quality.

[0119] Further, according to the present disclosure, an
OLED display device can be provided, in which a capacitance
ratio of the first capacitor is relatively reduced by providing a
second capacitor connected to a first capacitor (for example,
in series) to improve luminance of an OLED.

[0120] In addition, according to present disclosure, an
OLED display device that compensates a deviation of mobil-
ity of the driving TFT (DT) of the pixels can be provided.
[0121] Further, according to present disclosure, an OLED
display device can be provided, in which in the case where the
pixel displays a black, it is determined that the corresponding
pixel need not accurately sense a threshold voltage of the
driving TFT to drive the corresponding pixel in a black mode.
[0122] Further, according to the present disclosure, an
OLED display device can be provided, in which when the
pixel is driven in the black mode, during a sampling period of
the corresponding pixel, reference voltage Vref having a
value of zero or less is supplied to a data line DL.

[0123] Further, according to the present disclosure, an
OLED display device can be provided, in which when the
pixel is driven in the black mode, during a data period of the
corresponding pixel, a value of data voltage Vdata supplied to
the data line DL is the same as a value of the reference voltage
Vref applied during the sampling period.

[0124] Further, according to the present disclosure, an
OLED display device can be provided, in which when the
pixel is driven in the black mode, during a period when
voltage is supplied to the data line DL of the corresponding
pixel, the supplied voltage is DC voltage having a predeter-
mined value of zero or less.

[0125] Further, according to the present disclosure, an
OLED display device can be provided, in which the reference
voltage Vrefand the data voltage Vdata having the same value
is supplied to the data line DL of the pixel in the black mode.
As a result, a source amplifier of the data driver 6 can con-
stantly output the same voltage value.

[0126] Further, according to the present disclosure, an
OLED display device can be provided, in which when the
pixel is driven in the black mode, since the reference voltage
and data voltage having different values need not alternately
be supplied to a data line of the corresponding pixel, power
consumption can be minimized.
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[0127] Further, according to the present disclosure, an
OLED display device can be provided, in which when the
pixel is driven in the black mode, consumption of dynamic
power can be reduced. Thus, power consumption decreases,
and as a result, battery consumption is reduced.

[0128] The aforementioned present disclosure is not lim-
ited to the aforementioned exemplary embodiments and the
accompanying drawings, and it will be obvious to those
skilled in the technical field to which the present disclosure
pertains that various substitutions, modifications, and
changes may be made within the scope without departing
from the technical spirit of the present disclosure.

What is claimed is:

1. A display panel comprising;

a gate driver;

a gate line extending from the gate driver;

a data line applying a data voltage to a pixel which corre-
sponds to a point where the gate line and the data line
cross each other, the pixel including an internal compen-
sation pixel driving circuit,

wherein while the pixel implements a black color, only one
voltage value is present, and

wherein the voltage value is applied to the pixel from the
data line.

2. The display panel according to claim 1, wherein the

voltage value is zero or a negative value.

3. The display panel according to claim 1, wherein the
voltage value is input as a direct current.

4. The display panel according to claim 1, wherein:

when an entire gray scale in the pixel is leveled from 0 to
2535, the entire gray scale is divided into a low-gray scale
of 0 to 25 and a high-gray scale of 26 to 225, and

the black color corresponds to a color of the low-gray scale.

5. The display panel according to claim 1, wherein the
voltage value is the same as a value of an initialization voltage
supplied from an initialization voltage supply line.

6. A display panel comprising;

a gate driver;

a gate line extending from the gate driver; and

aplurality of pixels corresponding to points where the gate
line and a data line cross each other, and including an
internal compensation pixel driving circuit,

wherein internal compensation is performed when at least
one pixel of the plurality of pixels emits light in order to
display a color other than a black color, and the internal
compensation is not performed when at least one pixel
shows the black color.

7. The display panel according to claim 6, wherein at least
one pixel of the plurality of pixels does not sense or only
roughly sense a threshold voltage of a driving TFT included in
the internal compensation pixel driving circuit when display-
ing the black color.

8. The display panel according to claim 6, wherein at least
one pixel of the plurality of pixels includes all pixels included
in the display panel.

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

adisplay panel including a plurality of pixels including an
OLED and an internal compensation pixel driving cir-
cuit; and

a gate driver and a data driver implemented to drive the
display panel,

wherein the data driver includes a memory storing image
data of the display panel,
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an entire gray scale is divided into a low-gray scale as a
gray scale closetoablack and ahigh-gray scale as a gray
scale close to a white, and

in accordance with the video data, the pixel corresponding
to the low-gray scale is driven in a black mode in which
internal compensation is not performed in the internal
compensation pixel driving circuit and the pixel corre-
sponding to the high-gray scale is driven in a normal
mode in which the internal compensation is performed
in the internal compensation pixel driving circuit.

10. The OLED display device according to claim 9, further

comprising:

a gate driver connected with a gate line and a data driver
connected with a data line,

wherein the internal compensation pixel driving circuit is
connected to the gate line, the data line, and an initial-
ization voltage supply line, and

in the black mode, while the pixel implements a black
color, only one voltage value is present, wherein the
voltage value is applied to the pixel from the data line.

11. The OLED display device according to claim 10,
wherein one predetermined voltage value is zero or a negative
value.

12. The OLED display device according to claim 10,
wherein one predetermined voltage value is the same as a
value of initialization voltage supplied to the initialization
voltage supply line.

13. The OLED display device according to claim 10,
wherein one predetermined voltage value is applied as a
direct current.

14. The OLED display device according to claim 9,
wherein:

the internal compensation pixel driving circuit includes an
OLED and a driving TFT driving connected with the
OLED to drive the OLED,

in the normal mode, a characteristic variation ofthe driving
TFT of the pixel corresponding to the high-gray scale is
compensated in the internal compensation pixel driving
circuit, and

in the black mode, the characteristic variation of the driving
TFT of the pixel corresponding to the low-gray scale is
not compensated in the internal compensation pixel
driving circuit.

15. The OLED display device according to claim 9,

wherein:

the internal compensation pixel driving circuit includes an
OLED and a driving TFT driving connected with the
OLED to drive the OLED,

in the normal mode, a threshold voltage of the driving TFT
of the pixel corresponding to the high-gray scale is
sensed in the internal compensation pixel driving circuit,
and

in the black mode, the threshold voltage of the driving TFT
of the pixel corresponding to the low-gray scale is not
sensed in the internal compensation pixel driving circuit.

16. The OLED display device according to claim 9,
wherein:

the internal compensation pixel driving circuit includes an
OLED and a driving TFT driving connected with the
OLED to drive the OLED, and

the black mode is a driving mode including a period in
which a difference between a gate voltage and source
voltage of the driving TFT is driven to be smaller than
the threshold voltage of the driving TFT.
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17. The OLED display device according to claim 9,
wherein the switch between the driving in the black mode and
driving in the normal mode is implemented to be performed
by the unit of a frame of the display panel.

18. The OLED display device according to claim 9,
wherein only a group of pixels corresponding to a part of the
display panel is implemented to switch between driving in the
black mode and driving in the normal mode.

19. The OLED display device according to claim 18,
wherein only when gray scales corresponding to data voltage
input into all of pixels in the group of pixels corresponding to
a part of the display panel correspond to a low-gray scale, the
group of pixels corresponding to a part of the display panel
are simultaneously driven in the black mode.

20. The OLED display device according to claim 18,
wherein the group of pixels is a group of pixels corresponding
to apart which is in an inactive state in the display panel when
the display panel just displays only simple information
including a logo, a mark, a time or a date and is in a stand-by
state for a user.
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