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1
ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE INCLUDING PIXEL
DRIVING CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 10-2014-0084053 filed on Jul. 4, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

Technical Field

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

Description of the Related Art

Each of a plurality of pixels constituting an OLED display
device includes an OLED having an organic light emitting
layer between an anode and a cathode and a pixel circuit that
independently drives the OLED. The pixel circuit includes a
switching thin film transistor (hereinafter, referred to as
“TFT”), a capacitor, and a driving TFT. The switching TFT
charges the capacitor with a data voltage in response to a
scan pulse. The driving TFT regulates emission of the OLED
by controlling the amount of current supplied to the OLED
according to the data voltage charged in the capacitor.

Such an OLED display device is comprised of an X*Y
matrix including x number of pixel rows and y number of
column unit pixels on a screen. That is, each horizontal pixel
row is comprised of y number of pixels and each vertical
pixel row is comprised of x number of pixels. The OLED
display device displays an image in a single frame by writing
data in order from a first pixel row to a lowermost xth row
unit pixel on a screen.

Meanwhile, in the organic light emitting layer constitut-
ing the OLED, a hole injection layer and a hole transporting
layer adjacent to the anode is configured as a common single
layer in all of the pixels constituting the OLED display
device. However, while the OLED display device writes
data to the first pixel row through the lowermost pixel row
in order, there is a time when a voltage difference is
generated between anodes of adjacent pixels. Due to a
voltage difference in anode between a pixel including a
high-potential anode and a pixel including a low-potential
anode, an unintended leakage current flows toward the pixel
including a low-potential anode through the common single
layer. The leakage current may cause a set value of a data
voltage applied to an Nth horizontal pixel row to be deviated
from the manufacturer’s intention. Such a data voltage
deviation caused by the leakage current becomes a big
problem when a resistance of the common single layer
decreases.

Meanwhile, in the OLED display device, a problem
occurs as pixels may have different driving TFT threshold
voltages Vth and mobility due to process variation. Further,
a voltage drop of a high-potential voltage VDD occurs,
causing an amount of current driving the OLED to be
changed. Thus, a luminance deviation is generated between
pixels. Generally, an initial driving TFT characteristic devia-
tion generates stain or patterns on a screen and a driving TFT
characteristic deviation due to deterioration that occurs over
time when driving the OLED reduces the lifespan of an
OLED display panel or generates a residual image. Accord-
ingly, there have been continued attempts to reduce a
luminance deviation between pixels and thus improve an
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image quality by introducing a compensation circuit that
compensates a driving TFT characteristic deviation and a
drop voltage of a high-potential voltage VDD.

SUMMARY

The present disclosure is conceived to solve the above-
described problem. In the present disclosure, an apparatus
comprising a circuit configured to control anode voltages of
one or more adjacent pixel rows, which are adjacent to an
Nth pixel row, to achieve minimal voltage differences
between said Nth pixel row and said adjacent pixel rows to
suppress luminance drops in an OLED display by minimiz-
ing leakage currents being introduced from adjacent pixel
rows. The circuit configured to set said anode voltages of
said one or more adjacent pixel rows to be equal to or less
than an anode voltage of said Nth pixel row when said Nth
pixel row is operating in a sampling period or in a program-
ming period among driving operation periods of said OLED
display.
second scan signal

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a configuration view of an OLED display device
according to an exemplary embodiment of the present
disclosure;

FIG. 2 1s a driving waveform diagram of each pixel P
illustrated in FIG. 1;

FIG. 3 is a circuit diagram of each pixel P illustrated in
FIG. 1,

FIGS. 4a and 4b are circuit diagrams of each pixel P
according to other exemplary embodiments of the present
disclosure, respectively;

FIG. 5a is a schematic diagram illustrating an inflow
direction of a leakage current introduced to an Nth pixel row
corresponding to an Nth gate line of a first scan signal
SCAN1 from pixel rows (for example, N-2th, N-Ith,
N+1th, and N+2th pixel rows) adjacent to the Nth pixel row
while a frame in a display panel of an OLED display device
realizes a black image and a next frame realizes a white
image;

FIG. 54 is a graph illustrating a simulation result of a Vgs
value in an Nth pixel row corresponding to an Nth gate line
of a first scan signal SCAN1 while a frame in a display panel
of an OLED display device realizes a black image and a next
frame realizes a white image;

FIG. 6a is a schematic diagram illustrating an inflow
direction of a leakage current introduced to an Nth pixel row
corresponding to an Nth gate line of a first scan signal
SCAN1 from pixel rows (for example, N-2th, N-1th,
N+1th, and N+2th pixel rows) adjacent to the Nth pixel row
while a frame in a display panel of an OLED display device
realizes a white image and a next frame also realizes a white
image;

FIG. 6b is a graph illustrating a simulation result of a Vgs
value in an Nth pixel row corresponding to an Nth gate line
of a first scan signal SCAN1 while a frame in a display panel
of an OLED display device realizes a white image and a next
frame also realizes a white image;

FIGS. 7.9, 11, and 13 are schematic diagrams illustrating
that when an Nth pixel row corresponding to an Nth gate line
of a first scan signal SCAN1 in a display panel of an OLED
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display device is in a sampling period 2 or a programming
period t3, pixel rows (for example, N-2th, N-1th, N+Ith,
and N+2th pixel rows) adjacent to the Nth pixel row is in an
emission state according to an exemplary embodiment of the
present disclosure;

FIGS. 8a, 86, 10a, 105, 12a, 125, 14a, and 145 respec-
tively corresponding to FIGS. 7, 9, 11, and 13 are driving
waveform diagrams illustrating a driving method of an Nth
pixel row corresponding to an Nth gate line of a first scan
signal SCANT1 in a display panel of an OLED display device
and pixel rows (for example, N-2th, N-1th, N+1th, and
N+2th pixel rows) adjacent to the Nth pixel row according
to an exemplary embodiment of the present disclosure;

FIG. 15 is a graph comparing an I-V curve between a case
where a pixel of an OLED display device is driven by a
driving method of the present disclosure according to the
driving waveform diagram of FIG. 8a and a case where the
pixel is driven by a driving method of the prior art; and

FIG. 16 is a graph comparing a response characteristic
between a case where a driving method of the present
disclosure is applied and a case where a driving method of
the prior art is applied.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Hereinafter, an OLED display device and a method for
driving the same according to an exemplary embodiment of
the present disclosure will be described in detail with
reference to the accompanying drawings.

A thin film transistor (TFT) employed in the present
disclosure may be of a P type or an N type. In the following
exemplary embodiment, there will be described a case where
aTFTis of an N type, for convenience in explanation. In this
regard, a gate high voltage VGH is a gate-on voltage to turn
on a TFT, and a gate low voltage VGL is a gate-off voltage
to turn off a TFT. In explaining pulse type signals, a gate
high voltage (VGH) state is defined as a “high state”, and a
gate low voltage (VGL) state is defined as a “low state”.

FIG. 1 is a configuration view of an OLED display device
according to an exemplary embodiment of the present
disclosure.

As illustrated in FIG. 1, the OLED display device
includes a display panel 2 including a plurality of pixels P
defined in accordance with intersection of a plurality of gate
lines GL and a plurality of data lines DL, a gate driver 4 for
driving the plurality of gate lines GL, a data driver 6 for
driving the plurality of data lines DL, and a timing controller
8 for arranging image data RGB input from the outside,
supplying the arranged image data RGB to the data driver 6,
and outputting gate control signals GCS and data control
signals DCS to control the gate driver 4 and data driver 6.

Each pixel P includes an OLED and a pixel driving circuit
including a driving TFT DT configured to supply a drive
current to the OLED. Each pixel driving circuit indepen-
dently drives the OLEDs of the respective pixels P. Further,
the pixel driving circuit is configured to compensate for a
characteristic deviation between the driving TFTs DTs and
compensate for a voltage drop of a high-potential voltage
VDD. Thus, it is possible to reduce a luminance deviation
between the pixels P. The pixels P according to the present
disclosure will be described in detail with reference to FIGS.
2t0 6.

The display panel 2 includes the plurality of gate lines GL
and the plurality of data lines DL intersecting each other.
The pixels P are disposed in intersection regions of the gate
lines GL and the data lines DL. Each pixel P includes a pixel
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driving circuit including an OLED. Further, each pixel P is
connected to gate lines GL, a data line DL, a high-potential
voltage (VDD) supply line, a low-potential voltage (VSS)
supply line, and an initialization voltage (Vinit) supply line.

The gate driver 4 supplies a plurality of gate signals to the
plurality of gate lines GL in response to a plurality of gate
control signals GCS supplied from the timing controller 8.
The plurality of gate signals includes first and second scan
signals SCAN1 and SCAN2, and an emission signal EM.
These signals are supplied to each pixel P by the plurality of
gate lines GL. A high-potential voltage VDD has a higher
level than a low-potential voltage VSS. The low-potential
voltage VSS may be a ground voltage. An initialization
voltage Vinit has a lower level than a threshold voltage of the
OLED of each pixel P.

The data driver 6 converts digital image data RGB input
from the timing controller 8 into a data voltage Vdata in
response to a plurality of data control signals DCS supplied
from the timing controller 8, using a reference gamma
voltage. Further, the data driver 6 supplies the converted
data voltage Vdata to the plurality of data lines DL. Mean-
while, the data driver 6 outputs the data voltage Vdata only
in a programming period t3 (refer to FIG. 2) of each pixel
P. In a period other than the programming period, the data
driver 6 outputs a reference voltage Vref.

The timing controller 8 aligns the externally input image
data RGB so as to be matched to the size and resolution of
the display panel 2, and then supplies the aligned image data
to the data driver 6. The timing controller 8§ generates a
plurality of gate control signals GCS and a plurality of data
control signals DCS by using synchronization signals SYNC
input from the outside, for example, a dot clock DCLK, a
data enable signal DE, a horizontal synchronization signal
Hsyne, and a vertical synchronization signal Vsync. Further,
the timing controller § supplies the generated gate control
signals GCS and data control signals DCS to the gate driver
4 and data driver 6, respectively, in order to control the gate
driver 4 and data driver 6.

Hereinafter, each pixel P according to an exemplary
embodiment of the present disclosure will be described in
more detail with reference to FIG. 2 to FIG. 4.

Referring to FIG. 2, each pixel P according to an exem-
plary embodiment of the present disclosure operates in a
plurality of periods divided into an initialization period tl, a
sampling period t2, a programming period t3, a holding
period t4, and an emission period t5, in response to pulse
timings of a plurality of gate signals supplied to the pixel P.

The initialization period t1 may include a first initializa-
tion period t11. In the first initialization period t11, a voltage
difference between a gate node (a first node N1 in FIG. 3)
and a source node (a second node N2 in FIG. 3) of a driving
TFT in the pixel Phas a higher value than a threshold voltage
of the driving TFT. For example, as for the pixel P driven by
the pixel driving circuit according to a circuit diagram of
FIG. 3, in the first initialization period t11, when the first
scan signal SCANL1 is output at a high state, the second scan
signal SCAN2 may be output at a high state and then output
at a low state, and the emission signal EM may be output at
a low state at the same time.

Meanwhile, the initialization period t1 may include a
second initialization period t12 in addition to the first
initialization period t11. In the second initialization period
t12, a voltage applied between an anode and a cathode of the
OLED has a lower value than a threshold driving voltage of
the OLED. Herein, the threshold driving voltage of the
OLED means a minimum voltage for driving the OLED.
The threshold driving voltage of the OLED is a unique value
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of the OLED depending on a design of the OLED (a kind of
a material, an interfacial characteristic, a thickness, and the
like). When the first initialization period t11 does not arrive
vet, the second initialization period t12 may start. For
example, as for the pixel P driven by the pixel driving circuit
according to the circuit diagram of FIG. 3, in the second
initialization period t12, when the first scan signal SCAN1
is output at a low state, the second scan signal SCAN2 may
be output at a high state and the emission signal EM may be
output at a low state at the same time.

In the sampling period t2, a threshold voltage of the
driving TFT in the pixel P is sensed or sampled. For
example, as for the pixel P driven by the pixel driving circuit
according to the circuit diagram of FIG. 3, in the sampling
period 12, the first scan signal SCAN1 and emission signal
EM may be output at a high state and the second scan signal
SCAN2 may be output at a low state at the same time.

In the programming period t3, the pixel P writes data to
a capacitor. For example, as for the pixel P driven by the
pixel driving circuit according to the circuit diagram of FIG.
3, in the programming period t3, the first scan signal SCAN1
may be output at a high state and the second scan signal
SCAN?2 and emission signal EM may be output at a low state
at the same time.

The holding period t4 is a period between the program-
ming period t3 and the emission period t5. For example, as
for the pixel P driven by the pixel driving circuit according
to the circuit diagram of FIG. 3, in the holding period t4, all
of the first scan signal SCANI, the second scan signal
SCAN2, and the emission signal EM may be output at a low
state.

In the emission period t5, the pixel P is supplied with a
current corresponding to the written data and emits light. For
example, as for the pixel P driven by the pixel driving circuit
according to the circuit diagram of FIG. 3, in the emission
period t5, the emission signal EM may be output at a high
state and the first and second scan signals SCAN1 and
SCAN2 may be output at a low state.

Meanwhile, the data diver 6 supplies data voltage Vdata
to the plurality of data lines DL in sync with the program-
ming period t3 of each pixel P. In periods other than the
programming period t3, the data driver 6 supplies a refer-
ence voltage Vref to the plurality of data lines DL.

Referring to FIG. 3, each pixel P includes an OLED and
a pixel driving circuit including four TFTs and two capaci-
tors, to drive the OLED. To be specific, the pixel driving
circuit includes a driving TFT DT, first to third TFTs T1 to
T3, and first and second capacitors C1 and C2.

The driving TFT DT is connected to the OLED in series
in between the VDD supply line and the VSS supply line. In
the emission period t5, the driving TFT DT supplies a drive
current to the OLED.

The first TFT T1 is turned on or off in response to the first
scan signal SCAN1. When the first TFT T1 is turned on, the
data line DL is connected with a first node N1 connected
with a gate of the driving TFT DT. The first TFT T1 supplies,
to the first node N1, the reference voltage Vref supplied from
the data line DL in the initialization period t1 and sampling
period t2. Further, in the programming period t3, the driving
TFT DT supplies, to the first node N1, the data voltage Vdata
supplied from the data line DL.

The second TFT T2 is turned on or off in response to the
second scan signal SCAN2. When the second TFT T2 is
turned on, the initialization voltage (Vinit) supply line is
connected with a second node N2 connected with a source
of the driving TFT DT. The second TFT T2 supplies, to the

10

20

25

40

45

60

65

6

second node N2, the initialization voltage Vinit supplied
from the Vinit supply line in the initialization period t1.

The third TFT T3 is turned on or off in response to the
Emission signal EM. When the third TFT T3 is turned on,
the high-potential voltage (VDD) supply line is connected
with a drain of the driving TFT DT. In the sampling period
2 and emission period t5, the third TFT T32 supplies, to the
drain of the driving TFT DT, the high-potential voltage VDD
supplied from the VDD supply line.

The first capacitor C1 is disposed between the first node
N1 and the second node N2 so as to connect the first node
N1 with the second node N2. The first capacitor C1 stores
the threshold voltage Vth of the driving TFT DT in the
sampling period 12.

The second capacitor C2 is disposed between the Vinit
supply line and the second node N2 so as to connect the Vinit
supply line with the second node N2. The second capacitor
C2 is connected to the first capacitor C1 in series and thus
relatively reduces a capacity ratio of the first capacitor C1.
Thus, the second capacitor C2 functions to enhance the
luminance of the OLED with respect to the data voltage
Vdata applied to the first node N1 in the programming
period t3. Meanwhile, as illustrated in FIG. 4a, the second
capacitor C2 may be disposed between the VDD supply line
and the second node N2 so as to connect VDD supply line
with the second node N2. Alternatively, as illustrated in FIG.
4b, the second capacitor C2 may be disposed between the
VSS supply line and the second node N2 so as to connect the
VSS supply line with the second node N2.

Hereinafter, a method for driving each pixel P according
to an exemplary embodiment of the present disclosure will
be described with reference to FIGS. 2 and 3.

First, in the initialization period t1 (without, for example,
the second initialization period t12), the first and second
TFTs T1 and T2 are turned on in the first initialization period
t11. Then, the reference voltage Vref is supplied to the first
node N1 via the first TFT T1, and the initial voltage Vinit is
supplied to the second node N2. As a result, the pixel P is
initialized. The initialization period t1 refers to a period
before the third TFT T3 is turned on, and in this period, the
second TFT T2 is turned off.

Subsequently, in the sampling period t2, the first and third
TFTs T1 and T3 are turned on. Then, the first node N1
maintains the reference voltage Vref. And, when the drain of
the driving TFT DT is floated, the high-potential voltage
VDD is applied to the drain of the driving TFT DT. At the
same time, a current flows from the drain toward the source
of the driving TFT DT. When a source voltage of the driving
TFT DT is equal to “Vref-Vth”, the driving TFT DT is
turned off. Herein, “Vth” represents the threshold voltage of
the driving TFT DT. In this period, the third TFT T3 is
turned off.

Thereafter, in the programming period t3, the third TFT
T3 is turned off and the first TFT T1 sustains the turn-on
state. Then, the data voltage Vdata is supplied to the first
node N1 via the first TFT T1 in the turn-on state.

As a result, the voltage of the second node N2 is changed
to “Vref-Vth+C' (Vdata-Vref)” due to a coupling phenom-
enon caused by voltage distribution according to in-series
connection of the first and second capacitors C1 and C2.
Herein, “C" represents “C1/(C1+C2+Coled)”. “Coled” rep-
resents the capacitance of the OLED. In accordance with the
present disclosure, the capacity ratio of the first capacitor C1
is relatively reduced since the second capacitor C2 con-
nected in series with the first capacitor C1 is provided.
Accordingly, it is possible to enhance the luminance of the
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OLED with respect to the data voltage Vdata applied to the
first node N1 in the programming period t3.

Then, in the holding period t4, no TFT is turned on. That
is, the first TFT T1 is turned off and the second and third
TFTs T2 and T3 sustain the turn-off state. As a result, the
data voltage Vdata and the threshold voltage written to the
pixel P in the programming period t3 are maintained. That
is, the holding period t4 refers to a period after the program-
ming period t3 and before the emission period t5.

Subsequently, in the emission period t5, the third TFT T3
is turned on. Then the high-potential voltage VDD is applied
to the drain of the driving TFT DT via the third TFT T3. As
a result, the driving TFT DT supplies a drive current to the
OLED. In this case, the drive current supplied from the
driving TFT DT to the OLED is expressed by an expression
“K(Vdata-Vref-C'(Vdata—Vref))*”. Referring to this
expression, it can be seen that the drive current of the OLED
is not influenced by the threshold voltage Vth of the driving
TFT DT and the high-potential voltage VDD. Accordingly,
it is possible to reduce a luminance deviation between the
pixels P by compensating for a driving TFT characteristic
deviation in each pixel P and a voltage drop of the high-
potential voltage VDD. Meanwhile, in accordance with the
present disclosure, it may be possible to compensate for a
mobility deviation between the driving TFTs DT by adjust-
ing an ascending time of the emission signal EM transition-
ing from a low state to a high state at a starting point of the
emission period t5.

The inventors of the present disclosure found that a
luminance drop generated when the pixel P is driven by a
method of the prior art is caused by a leakage current
between the anodes of the adjacent pixels P. This will be
described in more detail with reference to FIG. 5a, FIG. 55,
FIG. 6a, and FIG. 6b.

FIG. 5a is a schematic diagram illustrating an inflow
direction of a leakage current introduced to an Nth pixel row
corresponding to an Nth gate line of a first scan signal
SCAN1 from pixel rows (for example, N-2th, N-Ith,
N+1th, and N+2th pixel rows) adjacent to the Nth pixel row
while a frame in a display panel of an OLED display device
realizes a black image and a next frame realizes a white
image.

FIG. 54 is a graph illustrating a simulation result of a Vgs
value in an Nth pixel row corresponding to an Nth gate line
of a first scan signal SCAN1 while a frame in a display panel
of an OLED display device realizes a black image and a next
frame realizes a white image.

FIG. 6a is a schematic diagram illustrating an inflow
direction of a leakage current introduced to an Nth pixel row
corresponding to an Nth gate line of a first scan signal
SCAN1 from pixel rows (for example, N-2th, N-l1th,
N+1th, and N+2th pixel rows) adjacent to the Nth pixel row
while a frame in a display panel of an OLED display device
realizes a white image and a next frame also realizes a white
image.

FIG. 6b is a graph illustrating a simulation result of a Vgs
value in an Nth pixel row corresponding to an Nth gate line
of a first scan signal SCAN1 while a frame in a display panel
of an OLED display device realizes a white image and a next
frame also realizes a white image.

An Nth pixel row shares a hole injection layer and a hole
transporting layer of an organic light emitting layer as a
so-called common layer with adjacent pixel rows (for
example, an N-1th pixel row and an N+1th pixel row and
their subsequent adjacent pixel rows).

Meanwhile, while data are written to the Nth pixel row,
pixel rows (for example, N-1th and N-2th pixel rows)
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before the Nth pixel row display an image corresponding to
data desired to be displayed on a corresponding frame, and
pixel rows (for example, N+1th and N+2th pixel rows) after
the Nth pixel row display an image corresponding to data
desired to be displayed on a previous frame. FIG. 5a and
FIG. 6a illustrate inflow directions of a leakage current
introduced to an Nth pixel row from pixel rows (for
example, N-2th, N-1th, N+1th, and N+2th pixel rows)
adjacent to the Nth pixel row in a case where data are written
to the Nth pixel row to emit a light in a display panel of an
OLED display device. FIG. 5a corresponds to a case where
a frame in a display panel realizes a black image and a next
frame realizes a white image, and FIG. 6a corresponds to a
case where a frame realizes a white image and a next frame
also realizes a white image.

While data are written to the Nth pixel row, an anode
voltage of the Nth pixel row is lowered to be equal to or less
than a cathode voltage in order not to allow a current to flow
to the OLED. In this case, as compared with a voltage
applied to an anode of the Nth pixel row, a voltage applied
to anodes of adjacent pixel rows are relatively high. There-
fore, a voltage difference is generated between the anode of
the Nth pixel row and the anodes of its adjacent pixel rows.

To be more specific, referring to FIG. 5a, if a frame of a
display panel realizes a black image and a next frame
realizes a white frame, an N+1 pixel row realizes a black
state (i.e., a non-emission state) of the frame, and, thus, an
anode voltage is low. However, an N-1th pixel row realizes
a white state (i.e., an emission state typically with a lumi-
nance of 300 nit) of the next frame, and, thus, an anode
voltage of the N-1th pixel row is relatively higher than the
anode voltage of the N+1th pixel row. Therefore, a differ-
ence between the voltage applied to the anode of the Nth
pixel row and the voltage applied to the anode of the N+1th
pixel row is not great. Thus, a leakage current from the
N+1th pixel row to the Nth pixel row flows in a small
amount, whereas a difference between the voltage applied to
the anode of the Nth pixel row and the voltage applied to the
anode of the N-1th pixel row is relatively very great, and,
thus, a leakage current from the N-1th pixel row to the Nth
pixel row flows in a large amount. In other words, a large
amount of leakage current is introduced from the high-
potential anode of the N-1th pixel row to the low-potential
anode of the Nth pixel row via the common layer of the
organic light emitting layer. Referring to FIG. 5, it can be
seen that in the programming period t3 of the Nth pixel row,
a voltage value of the second node is not constant but
exhibits a slight increase. Vgs as a voltage difference
between the first node (gate node) and the second node
(source node) of the driving TFT DT is 3.31 V. The slight
increasing of the voltage value of the second node is due to
the leakage current.

Meanwhile, referring to FIG. 6a, if a frame of a display
panel realizes a white image and a next frame also realizes
a white frame, an N+1 pixel row and an N-1th pixel row are
in a white state, and, thus, an anode voltage of the N+1th
pixel row and an anode voltage of the N-1th pixel row are
high. Therefore, a difference between the voltage applied to
the anode of the Nth pixel row and the voltage applied to the
anode of the N-1th pixel row is great and a difference
between the voltage applied to the anode of the Nth pixel
row and the voltage applied to the anode of the N+1th pixel
row is also very great. Thus, a large amount of leakage
current is introduced from the high-potential anodes of the
N-1th and N+1th pixel rows to the low-potential anode of
the Nth pixel row (ie., in a positive direction) via the
common layer of the organic light emitting layer. Referring
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to FIG. 6b, it can be seen that in the programming period t3
of the Nth pixel row, a voltage value of the second node is
not constant but exhibits a slight increase. In this case, Vgs
is3.12V.

By comparing FIG. 55 and FIG. 65, Vgs (for example,
3.12 V) in the case where a frame of a display panel realizes
a white image and a next frame also realizes a white image
is lower than Vgs (for example, 3.31 V) in the case where
a frame of a display panel realizes a black image and a next
frame realizes a white image. That is, it can be seen that an
influence of a leakage current is greater in the case where a
frame of a display panel realizes a white image and a next
frame also realizes a white image as compared with the case
where a frame of a display panel realizes a black image (i.e.,
a non-emission state) and a next frame realizes a white
image (i.e., an emission state typically with a luminance of
300 nit). As a result, it can be seen that while data are written
to an Nth pixel row, when pixel rows adjacent to the Nth
pixel row are in an emission state, as anode voltages of the
adjacent pixel rows increase, an influence of a leakage
current increases.

Meanwhile, when FI1G. 5a and FIG. 64 are described, only
an influence of N-1th and N+1th pixel rows most adjacent
to an Nth pixel row has been described for convenience in
explanation. However, actually, the present disclosure is not
limited thereto. N-2th and N+2th pixel rows or N-3th or
N+3th pixel rows also have an influence. In other words, as
a pixel row is more adjacent to the Nth pixel row, the pixel
row has a greater influence on the Nth pixel row, and as a
pixel row is less adjacent to the Nth pixel row, the pixel row
has a smaller influence on the Nth pixel row.

The following is the reason why a leakage current flows
when there is a voltage difference between anodes of adja-
cent pixel rows. An Nth pixel row shares a hole injection
layer and a hole transporting layer of an organic light
emitting layer as a so-called common layer with adjacent
pixel rows (for example, an N-1th pixel row and an N+1th
pixel row and their subsequent adjacent pixel rows). How-
ever, the hole injection layer and the hole transporting layer
of the organic light emitting layer are connected with an
anode of an OLED. Therefore, if there is a voltage difference
between an anode of the Nth pixel row and anodes of its
adjacent pixel rows, a current flows through a so-called
common layer.

Such a flow of a leakage current is increased as a
resistance of the common layer is decreased. Further, par-
ticularly when the common layer is doped with a small
amount of impurity in order to improve the element perfor-
mance of the OLED, a flow of a leakage current is increased.
Since the impurity has conductivity, as a doping concentra-
tion of the impurity is increased, a resistance of the common
layer is decreased, and, thus, a larger amount of leakage
current is generated. If a doping concentration is lowered in
consideration of a leakage current, it is impossible to
improve the element performance of the OLED.

In other words, in order to minimize inflow of a leakage
current, an increase in resistance may be considered. How-
ever, such an approach may deteriorate the element perfor-
mance of an OLED.

Thus, the inventors of the present disclosure conceived a
method for driving an OLED display device, which solves
a leakage current problem simply by manipulating a method
for driving a pixel driving circuit without undergoing any
modification in a structure of an OLED element or a
structure of the pixel driving circuit. This will be described
in detail below. When applying the spirit of the present
invention that the voltage of an anode in each pixel is
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controlled in order to make other adjacent pixel rows to
realize a non-luminous condition when the Nth pixel row is
in the programming period t3, there is no limit on the kind
of pixel driving circuit.

FIGS. 7.9, 11, and 13 are schematic diagrams illustrating
that when an Nth pixel row corresponding to an Nth gate line
of a first scan signal SCAN1 in a display panel of an OLED
display device is in a sampling period t2 or a programming
period t3, pixel rows (for example, N-2th, N=1th, N+1th,
and N+2th pixel rows) adjacent to the Nth pixel row is in an
emission state according to an exemplary embodiment of the
present disclosure.

FIGS. 84, 8b, 10a, 105, 12a, 125, 14a, and 145 respec-
tively corresponding to FIGS. 7, 9, 11, and 13 are driving
waveform diagrams illustrating a driving method of an Nth
pixel row corresponding to an Nth gate line of a first scan
signal SCANI in a display panel of an OLED display device
and pixel rows (for example, N-2th, N-1th. N+1th, and
N+2th pixel rows) adjacent to the Nth pixel row according
to an exemplary embodiment of the present disclosure.

At a time when an Nth pixel row corresponding to an Nth
gate line of a first scan signal SCANI in a display panel of
an OLED display device moves on from a frame to a next
frame, if an Nth pixel row is driven in the sampling period
2 or in the programming period 3, a voltage which is lower
than a voltage applied to a cathode of an OLED is applied
to a second node. That is, a voltage lower than a cathode
voltage is applied to the anode of the OLED in the Nth pixel
row. Therefore, the Nth pixel row is in a non-emission state
in the sampling period t2 or in the programming period t3.
In this case, adjacent pixel rows are set to be in a non-
emission state, and, thus, a leakage current introduced from
the adjacent pixel rows to the Nth pixel row is minimized.
To be more specific, when the Nth pixel row is in the
sampling period t2 or in the programming period t3, anode
voltages of the adjacent pixel rows are set to be equal to or
less than an anode voltage of the Nth pixel row in order to
suppress a voltage difference. Thus, a leakage current intro-
duced from the adjacent pixel rows to the Nth pixel row is
minimized. According to this method, for example, when the
Nth pixel row is in the sampling period t2 or in the
programming period t3, (1) an N-1th pixel row is in the
holding period t4, (2) an N+1th pixel row is in the first
initialization period t11, in the second initialization period
t12, or in both the first initialization period t11 and the
second initialization period t12.

FIG. 7 illustrates a case where when an Nth pixel row is
in the sampling period t2 or in the programming period t3,
N-1th and N+1th pixel rows among its adjacent pixel rows
are in a non-emission state. Herein, a dotted arrow indicates
an inflow route of a leakage current. Although FIG. 7
illustrates a line comprised of six pixels and five lines
including an Nth pixel row and previous and subsequent two
lines most adjacent to the Nth pixel row, it is obvious that
such illustration is provided only for convenience in expla-
nation and a configuration of lines and columns is not
limited thereto.

To be more specific, when the Nth pixel row is in the
sampling period t2 or in the programming period t3, (1) the
N-1th pixel row is in the holding period t4, (2) the N+1th
pixel row is in any one of the first initialization period t11
and the second initialization period t12, or in the first
initialization period t11 and the second initialization period
t12.

FIG. 8a and FIG. 8b are driving waveform diagrams
illustrating a driving method of an Nth pixel row and pixel
rows (for example, N-2th, N-1th, N+1th, and N+2th pixel
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rows) adjacent to the Nth pixel row. FIG. 8a and FIG. 85 are
driving waveform diagrams for driving a display panel as
illustrated in FIG. 7 if a pixel P adopts a 4T2C structure
illustrated in FIG. 3 as a pixel driving circuit. This is just an
example. The driving method according to an exemplary
embodiment of the present disclosure as illustrated in FIG.
7 can also be applied to a pixel driving circuit of any other
structure which drives a display panel as illustrated in FIG.
7 and operates in the initialization period tl, the sampling
period t2, the programming period t3, the holding period t4,
and the emission period t5 as described with reference to
FIG. 2.

Referring to FIG. 84, a driving timing may be controlled
such that when the Nth pixel row is in the sampling period
2 or in the programming period t3, the N-1th pixel row is
in the holding period t4 and the N+1th pixel row is in the
second initialization period t12.

Here, the first initialization period t11, in which a voltage
difference between the first node N1 and the second node N2
of the driving TFT DT is higher than a threshold voltage of
the driving TFT DT, corresponds to a period from when a
TFT configured to allow the first scan signal SCAN1 to flow
and a TFT configured to allow the second scan signal
SCAN2 to flow are turned on at the same time to before a
TFT configured to allow the Emission signal EM to flow is
turned on. In this case, the TFT configured to allow the
second scan signal SCAN2 to flow may be turned off before
the TFT configured to allow the Emission signal EM to flow
is turned on or may be turned off at the same time as when
the TFT configured to allow the Emission signal EM to flow
is turned on.

Further, the second initialization period t12, in which an
anode voltage of the OLED is lower than an OLED driving
voltage, corresponds to a period from when the TFT con-
figured to allow the second scan signal SCAN2 to flow is
turned on to before the TFT configured to allow the first scan
signal SCANT to flow is turned on. The second initialization
period t12 may be present earlier in time than the first
initialization period t11, but cannot be present later in time
than the first initialization period t11. That is, it is possible
to drive from the second initialization period t12 to the first
initialization period t11, but impossible to drive from the
first initialization period t11 to the second initialization
period t12. The same explanation for the first initialization
period t11 and the second initialization period t12 applies to
FIGS. 10, 12, and 14.

That is, referring to FIG. 8a, a driving timing may be
controlled such that the second initialization period t12 starts
earlier than the first initialization period t11 in each pixel P
constituting a display panel of an OLED display device.

Referring to FIG. 84, a driving timing may be controlled
such that when the Nth pixel row is in the sampling period
2 or in the programming period t3, the N-1th pixel row is
in the holding period t4 and the N+1th pixel row is in the first
initialization period t11. In other words, a driving timing
may be controlled such that each pixel P constituting a
display panel of an OLED display device goes through the
first initialization period t11 without the second initialization
period t12.

If each pixel P constituting a display panel of an OLED
display device goes through the second initialization period
12 between the emission period t5 and the first initialization
period t11, a voltage (for example, an initialization voltage
Vinit) lower than the threshold voltage of the driving TFT
DT is already applied to the second node N2 of the driving
TFT DT in the pixel before the first initialization period t11.
As compared with (1) a case where each pixel P constituting
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a display panel of an OLED display device goes through
only the first initialization period t11 as the initialization
period t1, in (2) a case where the pixel P goes through the
second initialization period t12 in addition to the first
initialization period t11 as the initialization period t1, a
period in which an anode voltage is lower than a voltage
applied to the driving TFT DT is increased by the second
initialization period t12. Thus, it is possible to effectively
suppress inflow of a leakage current to an Nth pixel row.

If a pixel P adopts a 4T2C structure illustrated in FIG. 3
as a pixel driving circuit, the first initialization period t11
and the second initialization period t12 cannot be completely
overlapped in time. However, if a pixel P adopts a pixel
driving circuit of another structure, the first initialization
period t11 and the second initialization period t12 may be
completely overlapped in time, i.e., the initialization period
tl may be the first initialization period t11 or the second
initialization period t12. That is, the first initialization period
11 and the second initialization period t12 may start and end
at the same time. In other words, each pixel P may be driven
such that an anode voltage of an OLED is lower than an
OLED driving voltage while a voltage difference between a
gate node and a source node of a driving TFT in each pixel
P is higher than a threshold voltage of the driving TFT.

Then, FIG. 9 illustrates a case where when an Nth pixel
row is in the sampling period t2 or in the programming
period t3, N-1th, N+1th, and N+2 pixel rows among its
adjacent pixel rows are in a non-emission state. Herein, a
dotted arrow indicates an inflow route of a leakage current.
Although FIG. 9 illustrates a line comprised of six pixels and
five lines including an Nth pixel row and previous and
subsequent two lines most adjacent to the Nth pixel row, it
is obvious that such illustration is provided only for conve-
nience in explanation and a configuration of lines and
columns is not limited thereto.

To be more specific, when the Nth pixel row is in the
sampling period t2 or in the programming period t3, (1) the
N-1th pixel row is in the holding period t4, (2) the N+1th
pixel row and the N+2th pixel row are in any one of the first
initialization period t11 and the second initialization period
t12, or in the first initialization period t11 and the second
initialization period t12.

FIG. 10a and FIG. 105 are driving waveform diagrams
illustrating a driving method of an Nth pixel row and pixel
rows (for example, N-2th, N-1th, N+1th, and N+2th pixel
rows) adjacent to the Nth pixel row. FIG. 10a and FIG. 105
are driving waveform diagrams for driving a display panel
as illustrated in FIG. 9 if a pixel P adopts a 4T2C structure
illustrated in FIG. 3 as a pixel driving circuit. That is, this is
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exemplary embodiment of the present disclosure as illus-
trated in FIG. 9 can also be applied to a pixel driving circuit
of any other structure which drives a display panel as
illustrated in FIG. 9 and operates in the first initialization
period t11, the second initialization period t12, the initial-
ization period t1, the sampling period t2, the programming
period t3, the holding period 4, and the emission period t5
as described with reference to FIG. 2.

Referring to FIG. 10a, a driving timing may be controlled
such that when the Nth pixel row is in the sampling period
2 or in the programming period t3, the N-1th pixel row is
in the holding period t4 and all of the N+1th and N+2th pixel
rows are in the second initialization period t12.

That is, a driving timing may be controlled such that each
pixel P constituting a display panel of an OLED display
device goes through the second initialization period t12 over
two horizontal periods 2H. Herein, a horizontal period 1H
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refers to a period obtained by dividing a period allotted for
displaying a single frame by M if a display panel is com-
prised of M gate lines of first scan signals SCANT1 to display
the single frame. The two horizontal periods 2H are twice
the horizontal period 1H.

Further, referring to FIG. 10q, a driving timing may be
controlled such that the second initialization period 112 of
the Nth pixel row constituting a display device of an OLED
display device to start before writing the sampling period 2
of the N-1th pixel row.

Otherwise, referring to FIG. 10a, a driving timing may be
controlled such that the second initialization period t12 starts
earlier than the first initialization period t11 in each pixel P
constituting a display panel of an OLED display device.
However, in any case, the first initialization period t11 does
not end earlier than the second initialization period t12.

Referring to FIG. 104, a driving timing may be controlled
such that when the Nth pixel row is in the sampling period
2 or in the programming period t3, the N-1th pixel row is
in the holding period t4 and all of the N+1th and N+2th pixel
rows are in the first initialization period t11.

That is, referring to FIG. 105, a driving timing may be
controlled such that each pixel P constituting a display panel
of an OLED display device goes through the first initializa-
tion period t11 over the two horizontal periods 2H.

Further, referring to FIG. 105, a driving timing may be
controlled such that the first initialization period t11 of the
Nth pixel row constituting a display panel of an OLED
display device to start before writing the sampling period 2
of the N-1th pixel row.

Otherwise, referring to FIG. 105, a driving timing may be
controlled such that each pixel P constituting a display panel
of an OLED display device goes through only the first
initialization period t11.

If a pixel P adopts a 4T2C structure illustrated in FIG. 3
as a pixel driving circuit, the first initialization period t11
and the second initialization period t12 cannot be completely
overlapped in time. However, if a pixel P adopts a pixel
driving circuit of another structure, the first initialization
period t11 and the second initialization period t12 may be
completely overlapped in time, 1.e., the initialization period
t1 may be the first initialization period t11 or the second
initialization period t12. That is, the first initialization period
t11 and the second initialization period t12 may start and end
at the same time. In other words, each pixel P may be driven
such that an anode voltage of an OLED is lower than an
OLED driving voltage while a voltage difference between a
gate node and a source node of a driving TFT in each pixel
P is higher than a threshold voltage of the driving TFT.

Then, FIG. 11 illustrates a case where when an Nth pixel
row is in the sampling period t2 or in the programming
period t3, N-1th, N-2th, and N+1 pixel rows among its
adjacent pixel rows are in a non-emission state. Herein, a
dotted arrow indicates an inflow route of a leakage current.
Although FIG. 11 illustrates a line comprised of six pixels
and five lines including an Nth pixel row and previous and
subsequent two lines most adjacent to the Nth pixel row, it
is obvious that such illustration is provided only for conve-
nience in explanation and a configuration of lines and
columns is not limited thereto.

To be more specific, when the Nth pixel row is in the
sampling period t2 or in the programming period t3, (1) the
N-2th and N-1th pixel rows are in the holding period t4, (2)
the N+1th pixel row is in any one of the first initialization
period t11 and the second initialization period t12, or in the
first initialization period t11 and the second initialization
period t12.
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FIG. 12a and FIG. 124 are driving waveform diagrams
illustrating a driving method of an Nth pixel row and pixel
rows (for example, N-2th, N-1th, N+1th, and N+2th pixel
rows) adjacent to the Nth pixel row. FIG. 124 and FIG. 125
are driving waveform diagrams for driving a display panel
as illustrated in FI1G. 11 if a pixel P adopts a 4T2C structure
illustrated in FIG. 3 as a pixel driving circuit. That is, this is
just an example, and the driving method according to an
exemplary embodiment of the present disclosure as illus-
trated in FIG. 11 can also be applied to a pixel driving circuit
of any other structure which drives a display panel as
illustrated in FIG. 11 and operates in the first initialization
period t11, the second initialization period t12, the initial-
ization period t1, the sampling period t2, the programming
period t3, the holding period 4, and the emission period t5
as described with reference to FIG. 2.

Referring to FIG. 12a, a driving timing may be controlled
such that when the Nth pixel row is in the sampling period
2 or in the programming period t3, the N-2th and N-1th
pixel rows are in the holding period t4 and the N+1th pixel
row is in the second initialization period t12.

That is, referring to FIG. 124, a driving timing may be
controlled such that the second initialization period t12 starts
earlier than the first initialization period t11 in each pixel P
constituting a display panel of an OLED display device.
However, in any case, the first initialization period t11 does
not end earlier than the second initialization period t12.

Referring to FI1G. 125, a driving timing may be controlled
such that when the Nth pixel row is in the sampling period
2 or in the programming period t3, the N-2th and N-1th
pixel rows are in the holding period t4 and the N+1th pixel
row is in the first initialization period t11.

That is, referring to FIG. 125, a driving timing may be
controlled such that each pixel P constituting a display panel
of an OLED display device goes through only the first
initialization period t11.

If a pixel P adopts a 4T2C structure illustrated in FIG. 3
as a pixel driving circuit, the first initialization period t11
and the second initialization period t12 cannot be completely
overlapped in time, but if a pixel P adopts a pixel driving
circuit of another structure, the first initialization period t11
and the second initialization period t12 may be completely
overlapped in time, i.e., the initialization period t1 may be
the first initialization period t11 or the second initialization
period t12. That is, the first initialization period t11 and the
second initialization period t12 may start and end at the same
time. In other words, each pixel P may be driven such that
an anode voltage of an OLED is lower than an OLED
driving voltage while a voltage difference between a gate
node and a source node of a driving TFT in each pixel P is
higher than a threshold voltage of the driving TFT.

Then, FIG. 13 illustrates a case where when an Nth pixel
row is in the sampling period t2 or in the programming
period t3, N-1th, N-2th, N+1th, and N+2th pixel rows
among its adjacent pixel rows are in a non-emission state.
Herein, a dotted arrow indicates an inflow route of a leakage
current. Although FIG. 13 illustrates a line comprised of six
pixels and five lines including an Nth pixel row and previous
and subsequent two lines most adjacent to the Nth pixel row,
it is obvious that such illustration is provided only for
convenience in explanation and a configuration of lines and
columns is not limited thereto.

To be more specific, when the Nth pixel row is in the
sampling period t2 or in the programming period t3, (1) the
N-2th and N-1th pixel rows are in the holding period 4, (2)
the N+1th and N+2th pixel rows are in any one of the first
initialization period t11, the second initialization period t12,
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and the initialization period tl1, or in the first initialization
period t11 and the second initialization period t12.

FIG. 14a and FIG. 14b are driving waveform diagrams
illustrating a driving method of an Nth pixel row and pixel
rows (for example, N=2th, N-1th, N+1th, and N+2th pixel
rows) adjacent to the Nth pixel row. FIG. 14a and FIG. 145
are driving waveform diagrams for driving a display panel
as illustrated in F1G. 13 if a pixel P adopts a 4T2C structure
illustrated in FIG. 3 as a pixel driving circuit. That is, this is
just an example, and the driving method according to an
exemplary embodiment of the present disclosure as illus-
trated in FIG. 13 can also be applied to a pixel driving circuit
of any other structure which drives a display panel as
illustrated in FIG. 13 and operates in the first initialization
period t11, the second initialization period t12, the initial-
ization period t1, the sampling period 12, the programming
period t3, the holding period 4, and the emission period t5
as described with reference to FIG. 2.

Referring to FIG. 14a, a driving timing may be controlled
such that when the Nth pixel row is in the sampling period
2 or in the programming period t3, the N-2th and N-1th
pixel rows are in the holding period t4 and the N+1th and
N+2th pixel rows are in the second initialization period t12.

That is, referring to FIG. 14q, a driving timing may be
controlled such that each pixel P constituting a display panel
of an OLED display device goes through the holding period
t4 over two horizontal periods 2H.

Further, referring to FIG. 14a, a driving timing may be
controlled such that the second initialization period t12 starts
earlier than the first initialization period t11 in each pixel P
constituting a display panel of an OLED display device.
However, in any case, the first initialization period t11 does
not end earlier than the second initialization period t12.

Furthermore, referring to FIG. 14a, a driving timing may
be controlled such that each pixel P constituting a display
panel of an OLED display device goes through the second
initialization period t12 over the two horizontal periods 2H.

Referring to FIG. 14b, a driving timing may be controlled
such that when the Nth pixel row is in the sampling period
2 or in the programming period t3, the N-2th and N-1th
pixel rows are in the holding period t4 and the N+1th and
N+2th pixel rows are in the first initialization period t11.

That is, referring to FIG. 145, a driving timing may be
controlled such that each pixel constituting a display panel
of an OLED display device goes through the holding period
t4 over the two horizontal periods 2H.

Otherwise, referring to FIG. 145, a driving timing may be
controlled such that each pixel constituting a display panel
of an OLED display device goes through only the first
initialization period t11.

Further, referring to FIG. 14b, a driving timing may be
controlled such that each pixel constituting a display panel
of an OLED display device goes through the first initializa-
tion period t11 over the two horizontal periods 2H.

If a pixel P adopts a 4T2C structure illustrated in FIG. 3
as a pixel driving circuit, the first initialization period t11
and the second initialization period t12 cannot be completely
overlapped in time. However, if a pixel P adopts a pixel
driving circuit of another structure, the first initialization
period t11 and the second initialization period t12 may be
completely overlapped in time, 1.e., the initialization period
t1 may be the first initialization period t11 or the second
initialization period t12. That is, the first initialization period
t11 and the second initialization period t12 may start at the
same time and end at the same time. In other words, each
pixel P may be driven such that an anode voltage of an
OLED is lower than an OLED driving voltage while a
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voltage difference between a gate node and a source node of
a driving TFT in each pixel P is higher than a threshold
voltage of the driving TFT.

In short, when an Nth pixel row constituting a display
panel of an OLED display device is in the sampling period
t2 or in the programming period t3, pixel rows adjacent to
the Nth pixel row are set to be in a non-emission state. Thus,
anode voltages of the adjacent pixel rows are set to be equal
to or less than an anode voltage of the Nth pixel row, so that
a leakage current introduced from the adjacent pixel rows to
the Nth pixel row is minimized. In order to do so, a driving
timing is controlled such that when the Nth pixel row is in
the sampling period t2 or in the programming period 3, at
least one of the previous pixel rows (for example, N-1th,
N=-2th, and N=3th pixel rows) adjacent to the Nth pixel row
is in the holding period t4 and at least one of the subsequent
adjacent pixel rows (for example, N+1th, N+2th, and N+3th
pixel rows) adjacent to the Nth pixel row is in any one of the
first initialization period t11 or the second initialization
period t12, or in the first initialization period t11 and the
second initialization period t12.

FIG. 15 is a graph comparing an I-V curve between a case
where a pixel driving circuit configured according to a
circuit diagram of FIG. 3 is driven by a driving method of
the prior art (hereinafter, referred to as “prior art™) and a case
where the pixel driving circuit is driven by a driving method
of an OLED display device of the present disclosure as
illustrated in FIG. 7, according to the driving waveform
diagram of FIG. 8a (hereinafter, referred to as “present
disclosure”).

It can be seen from FIG. 15 that when the same data
driving voltage is applied, a higher current flows to the
OLED in the present disclosure as compared with the prior
art. Under the same data driving voltage condition, as a
current flowing to the OLED is increased, a luminance is
increased. This means that as compared with the prior art, in
the present disclosure, even when a relatively low data
driving voltage is applied, an equivalent luminance can be
achieved. Thus, according to the present disclosure, it is
possible to increase a margin of a data driving voltage.

FIG. 16 is a graph comparing a response characteristic
between a case where a driving method of the present
disclosure is applied and a case where a driving method of
the prior art is applied when a display panel including a pixel
driving circuit configured according to a circuit diagram of
FIG. 3 starts from a state where a black image is realized.
Then it realizes a white image in a first frame, realizes a
white image in a second frame and realizes a white image in
a third frame.

Referring to FIG. 16, it can be seen that in the prior art,
the luminance of the second frame and the third frame in
which a white image is converted into a white image is lower
than the luminance of the first frame in which a black image
is converted into a white image. That is, the three frames
displaying the same image are different in luminance
depending images displayed in their respective previous
frames. However, it can be seen that in the present disclo-
sure, the luminance of the first frame is not different from the
luminance of the second frame and the third frame and has
an equivalent luminance. That is, it can be seen that the three
frames displaying the same image have a constant and stable
luminance regardless of images displayed in their respective
previous frames.

The present disclosure is conceived to solve the above-
described problem. In order to achieve the above-described
object, an aspect of the present disclosure provides an OLED
display device in which when an Nth pixel row is in a
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sampling period or a programming period, at least one pixel
row of a previous pixel row or a subsequent pixel row
adjacent to the Nth pixel row is in any one of (1) a holding
period from after completion of writing data voltage to each
of the at least one pixel row to before each of the at least one
pixel row emits light, (2) a first initialization petiod in which
a voltage difference between an anode and a cathode of an
OLED included in each of the at least one pixel row has a
lower value than an OLED driving voltage, and (3) a second
initialization period in which a voltage difference between a
gate node and a source node of a driving element that
regulates an OLED driving voltage applied to an OLED
included in each pixel of the at least one pixel row has a
higher value than a threshold voltage of the driving element
(e.g., the driving thin film transistor), or in the first initial-
ization period and the second initialization period.

According to another feature of the present disclosure,
when the Nth pixel row is in a sampling period or a
programming period, the previous pixel row adjacent to the
Nth pixel row is in a holding period.

According to yet another feature of the present disclosure,
when the Nth pixel row is in a sampling period or a
programming period, the subsequent pixel row adjacent to
the Nth pixel row is in a second initialization period.

According to still another feature of the present disclo-
sure, in the Nth pixel row, a second initialization period
starts earlier than a first initialization period.

According to still another feature of the present disclo-
sure, in the Nth pixel row, a first initialization period and a
second initialization period start at the same time.

According to still another feature of the present disclo-
sure, when the previous pixel row adjacent to the Nth pixel
row is in a sampling period, a first initialization period or a
second initialization period starts in the Nth pixel row. In
other words, when an N-1th or N-2th pixel row is in a
sampling period, a first initialization period or a second
initialization period starts in the Nth pixel row.

According to still another feature of the present disclo-
sure, in the Nth pixel row, a first initialization period and a
second initialization period end at the same time.

According to still another feature of the present disclo-
sure, a first initialization period or a second initialization
period of the Nth pixel row starts before a sampling period
of an N-1th pixel row.

According to still another feature of the present disclo-
sure, the Nth pixel row goes through the first initialization
period t11 over two horizontal periods 2H, the second
initialization period t12 over two horizontal periods 2H, or
the holding period t4 over two horizontal periods 2H.

According to still another feature of the present disclo-
sure, when the Nth pixel row is in a sampling period or a
programming period, an N-1th pixel row and an N-2th
pixel row are in a holding period.

According to still another feature of the present disclo-
sure, in the OLED display device, each of a plurality of
pixels includes the OLED as a light emitting element and a
pixel driving circuit that drives the light emitting element.
Further, the pixel driving circuit includes: the driving ele-
ment connected in series to the light emitting element in
between a high-potential voltage supply line and a low-
potential voltage supply line; a first switching element that
connects a data line with a first node connected with a gate
of the driving element in response to a first scan signal; a
second switching element that connects an initialization
voltage supply line with a second node connected with a
source of the driving element in response to a second scan
signal; a third switching element that connects the high-
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potential voltage supply line with a drain of the driving
element in response to an emission signal; and a first
capacitor connected between the first node and the second
node, and the pixel driving circuit operates in a period
divided into an initialization period in which when the third
switching element is in an off state, the pixel driving circuit
turns on the first and second switching elements, to initialize
the first and second nodes, a sampling period in which the
pixel driving circuit turns on the first and third switching
elements, to sense a threshold voltage of the driving ele-
ment, a programming period in which when the third switch-
ing element is in an off state, the pixel driving circuit turns
on the first switching element, to write a data voltage to the
pixel, a holding period from after completion of writing of
a data voltage to the pixel to before the pixel emits a light,
and an emission period in which the pixel driving circuit
turns on the third switching element, to cause the driving
element to supply a drive current to the light emitting
element.

According to still another feature of the present disclo-
sure, the initialization period includes a first initialization
period or a second initialization period. The first initializa-
tion period is a period from when the first switching element
and the second switching element are turned on in response
to a first scan signal SCAN1 and a second scan signal
SCAN2, respectively, to before the third switching element
is turned on in response to an Emission signal EM. The
second initialization period is a period in which the second
switching element is turned on in response to the second
scan signal SCAN2 before the first switching element is
turned on in response to the first scan signal SCANT.

According to still another feature of the present disclo-
sure, in the first initialization period, before the third switch-
ing element is turned on in response to the Emission signal
EM, the second switching element is turned off in response
to the second scan signal SCAN2. Or when the third
switching element is turned on in response to the Emission
signal EM, the second switching element is turned off in
response to the second scan signal SCAN2.

In order to achieve the above-described object, another
aspect of the present disclosure provides an apparatus com-
prising a circuit configured to control anode voltages of one
or more adjacent pixel rows, which are adjacent to an Nth
pixel row, to achieve minimal voltage differences between
said Nth pixel row and said adjacent pixel rows to suppress
luminance drops in an OLED display by minimizing leakage
currents being introduced from adjacent pixel rows, said
circuit configured to set said anode voltages of said one or
more adjacent pixel rows to be equal to or less than an anode
voltage of said Nth pixel row when said Nth pixel row is
operating in a sampling period or in a programming period
among driving operation periods of said OLED display.

According to another feature of the present disclosure,
said setting of anode voltages is supported by a timing
controller configured to receive image data and synchroni-
zation signals from an external source, output converted data
voltages to a data driver for driving thereof via a plurality of
data lines, and output gate control signals to a gate driver for
driving thereof via a plurality of gate lines, such that a
holding period is added after the programming period but
before an emission period among said driving operation
periods of said OLED display, which serves the purpose of
setting at least one previous pixel row of the Nth pixel row
to a non-emission state at the programming period of the Nth
pixel row to create a time delay between a completion of
writing of a data voltage to a pixel before light emission of
the pixel.
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According to yet another feature of the present disclosure,
said setting of anode voltages is supported by a timing
controller configured to receive image data and synchroni-
zation signals from an external source, output the image data
to a data driver for driving a plurality of data lines, and
output gate control signals to a gate driver for driving
plurality of gate lines, such that a second initialization
period, in which a second switching element connected to an
initialization voltage supply line is turned on in response to
a second scan signal before a first switching element con-
nected to a data line is turned on in response to a first scan
signal, is added into an initialization period during which
initializing of a pixel is performed, said second initialization
period serving the purpose of setting at least one subsequent
pixel row of the Nth pixel row to a non-emission state at the
programming period of the Nth pixel row to create a time
margin between light emission of a pixel and sensing of a
threshold voltage of a driving element configured to supply
a drive current to an OLED.

According to still another feature of the present disclo-
sure, the second initialization period allows for a voltage to
be applied between an anode and a cathode of the OLED,
said voltage having a lower value than the threshold driving
voltage of the OLED.

According to still another feature of the present disclo-
sure, said setting of anode voltages is supported by the gate
driver configured to receive the gate control signals from the
timing controller, the gate control signals including a first
scan signal, a second scan signal and an emission signal
which are output to each pixel via the plurality of gate lines,
respectively.

According to still another feature of the present disclo-
sure, said setting of anode voltages is supported by the data
driver configured to receive the image data and the data
control signals from the timing controller, and output con-
verted data voltages to each pixel via the plurality of data
lines, respectively.

According to still another feature of the present disclo-
sure, said setting of anode voltages is supported by a display
panel comprising a plurality of pixels, with each pixel
including a pixel driving circuit defined with respect to an
intersection of a plurality of gate lines and a plurality of data
lines, and each pixel is connected to the gate lines, the data
lines, a high-potential voltage supply line, a low-potential
voltage supply line, and an initialization voltage supply line.

The present disclosure provides an OLED display device
that has a reduced luminance deviation between pixels since
a driving TFT characteristic deviation and a drop voltage of
a high-potential voltage VDD are compensated.

The present disclosure provides an OLED display device
that has an improved image quality since a luminance
deviation between pixels is reduced.

The present disclosure provides an OLED display device
that has an increased margin of a data driving voltage since
even when a relatively low data driving voltage is applied,
an equivalent luminance is achieved.

Further, the present disclosure provides an OLED display
device that has a constant and stable luminance since three
frames displaying the same image regardless of images are
displayed in their respective previous frames. Accordingly,
the present disclosure provides an OLED display device that
has an excellent response characteristic.

The present disclosure is not limited to the above-de-
scribed exemplary embodiment and the accompanying
drawings, and it is obvious to those skilled in the art that
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various substitutions, modifications, and changes can be
made without departing from the scope of the present
disclosure.

What is claimed is:

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

comprising:

a display panel including a plurality of pixels located near
a plurality of gate lines and a plurality of data lines;

a gate driver supplying a plurality of gate signals to the
plurality of gate lines;

a data driver supplying a data voltage to the plurality of
data lines, and

a timing controller generating a plurality of gate control
signals for driving the gate driver and a plurality of data
control signals for driving the data driver;

wherein each pixel of the plurality of pixels operates in a
plurality of periods divided into an initialization period,
a sampling period, a programming period, a holding
period and an emission period, in response to the
plurality of gate signals supplied to the pixel, the
initialization period including a first initialization
period and a second initialization period,

wherein when an Nth pixel row is in the sampling period
or the programming period, at least one pixel row of a
previous pixel row or a subsequent pixel row adjacent
to the Nth pixel row is in any one of the holding period
from after completion of writing of a data voltage to
each of the at least one pixel row to before each of the
at least one pixel row emits a light, the first initializa-
tion period in which a voltage of an anode of an organic
light emitting diode included in each of the at least one
pixel row has a lower value than an organic light
emitting diode driving voltage, and the second initial-
ization period in which a voltage difference between a
gate node and a source node of a driving element that
regulates an organic light emitting diode driving volt-
age applied to an organic light emitting diode included
in each of the at least one pixel row has a higher value
than a threshold voltage of the driving element, or in
the first initialization period and the second initializa-
tion period,

wherein N is equal to or greater than 1,

wherein the each of a plurality of pixels includes a pixel
driving circuit, and

the pixel driving circuit includes:

the driving element connected in series to the light
emitting element in between a high-potential voltage
supply line and a low-potential voltage supply line;

a first transistor that connects a data line with a first node
connected with a gate of the driving element in
response to a first scan signal;

a second transistor that connects an initialization voltage
supply line with a second node connected with a source
of the driving element in response to a second scan
signal,

a third transistor that connects the high-potential voltage
supply line with a drain of the driving element in
response to an emission signal; and

a first capacitor connected between the first node and the
second node, and

the pixel driving circuit operates in a period divided into
the initialization period in which when the third tran-
sistor is in an off state, the pixel driving circuit turns on
the first and second transistors, to initialize the first and
second nodes,
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the sampling period in which the pixel driving circuit
turns on the first and third transistors, to sense a
threshold voltage of the driving element,
the programming period in which when the third transis-
tor is in an off state, the pixel driving circuit turns on
the first transistor, to write a data voltage to the pixel,

the holding period in which when the first, the second and
the third transistors are in an off state, the holding
period from after completion of writing of a data
voltage to the pixel to before the pixel emits a light, and

the emission period in which the pixel driving circuit
turns on the third transistor, to cause the driving ele-
ment to supply a drive current to the light emitting
element.

2. The organic light emitting diode display device accord-
ing to claim 1, wherein when the Nth pixel row is in the
sampling period or the programming period, the previous
pixel row adjacent to the Nth pixel row is in the holding
period.

3. The organic light emitting diode display device accord-
ing to claim 1, wherein when the Nth pixel row is in the
sampling period or the programming period, the subsequent
pixel row adjacent to the Nth pixel row is in the second
initialization period.

4. The organic light emitting diode display device accord-
ing to claim 1, wherein in the Nth pixel row, the second
initialization period starts earlier than the first initialization
period.

5. The organic light emitting diode display device accord-
ing to claim 1, wherein in the Nth pixel row, the first
initialization period and the second initialization period start
at the same time.

6. The organic light emitting diode display device accord-
ing to claim 5, wherein in the Nth pixel row, the first
initialization period and the second initialization period end
at the same time.

7. The organic light emitting diode display device accord-
ing to claim 1, wherein when the previous pixel row adjacent
to the Nth pixel row is in the sampling period, the first
initialization period or the second initialization period starts
in the Nth pixel row.

8. The organic light emitting diode display device accord-
ing to claim 7, wherein when an N-1th or N-2th pixel row
is in the sampling period, the first initialization period or the
second initialization period starts in the Nth pixel row.
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9. The organic light emitting diode display device accord-
ing to claim 1, wherein the first initialization period or the
second initialization period of the Nth pixel row starts before
a sampling period of an N-1th pixel row.

10. The organic light emitting diode display device
according to claim 1, wherein the Nth pixel row goes
through the first initialization period over two horizontal
periods, or the second initialization period over two hori-
zontal periods.

11. The organic light emitting diode display device
according to claim 1, wherein the Nth pixel row goes
through the holding period, over two horizontal periods.

12. The organic light emitting diode display device
according to claim 1, wherein when the Nth pixel row is in
the sampling period or the programming period, an N-1th
pixel row and an N-2th pixel row are in a holding period,

wherein N is equal to or greater than 2.

13. The organic light emitting diode display device
according to claim 1, wherein

the first initialization period is a period from when the first

transistor and the second transistor are turned on in
response to a first scan signal and a second scan signal,
respectively, to before the third transistor is turned on
in response to an emission signal, and

the second initialization period is a period in which the

second transistor is turned on in response to the second
scan signal before the first transistor is turned on in
response to the first scan signal.

14. The organic light emitting diode display device
according to claim 1, wherein in the first initialization
period, before the third transistor is turned on in response to
the emission signal, the second transistor is turned off in
response to the second scan signal, or when the third
transistor is turned on in response to the emission signal, the
second transistor is turned off in response to the second scan
signal.

15. The organic light emitting diode display device
according to claim 1, wherein the pixel driving circuit
includes:

a second capacitor connected between the high-potential

voltage supply line and the second node.

16. The organic light emitting diode display device
according to claim 15, wherein a second capacitor is con-
nected to the first capacitor in series to reduce a capacity
ratio of the first capacitor.
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