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(54) OLED DISPLAY DEVICE

(57) Provided is an OLED display device including a
circuit that controls a voltage of an Nth row unit pixel and
a voltage of anodes of pixel lines adjacent to the Nth row
unit pixel in order to minimize a voltage difference be-
tween the Nth row unit pixel and the pixel lines adjacent
to the Nth row unit pixel to suppress a decrease in lumi-
nance of the Nth row unit pixel caused by a leakage cur-
rent introduced to the Nth row unit pixel. The circuit is
configured to set the voltage of the anodes of pixel lines
adjacent to the Nth row unit pixel to be equal to or lower
than a voltage of an anode of the Nth row unit pixel when
the Nth row unit pixel is in a sampling period or a pro-
gramming period during a driving timing of an OLED dis-
play device.. Accordingly, it is possible to minimize flow
of an unintended leakage current toward a low-potential
anode via a common single layer caused by a voltage
difference in anode between a pixel including a high-po-
tential anode and a pixel including the low-potential an-
ode.
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Description

[Technical Field]

[0001] The present disclosure relates to an organic
light emitting diode (hereinafter, referred to as "OLED")
display device.

[Background Art]

[0002] Each of a plurality of pixels constituting an
OLED display device includes an OLED having an or-
ganic light emitting layer between an anode and a cath-
ode and a pixel circuit that independently drives the
OLED. The pixel circuit includes a switching thin film tran-
sistor (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 control-
ling the amount of current supplied to the OLED accord-
ing to the data voltage charged in the capacitor.
[0003] Such an OLED display device is comprised of
an X*Y matrix including x number of row unit pixels and
y number of column unit pixels on a screen. That is, each
horizontal pixel line is comprised of x number of pixels
and each vertical pixel line is comprised of y number of
pixels. The OLED display device displays an image in a
single frame by writing data in order from a first row unit
pixel to a lowermost xth row unit pixel on a screen.
[0004] Meanwhile, in the organic light emitting layer
constituting 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 row unit pixel through the
lowermost row unit pixel in order, there is a time when a
voltage difference is generated between anodes of ad-
jacent pixels. Due to a voltage difference in anode be-
tween 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 pixel line to be deviated from the manufacturer’s
intention. Such a data voltage deviation caused by the
leakage current becomes a big problem when a resist-
ance of the common single layer decreases.
[0005] Meanwhile, in the OLED display device, a prob-
lem occurs as pixels may have different driving TFT
threshold voltages Vth and mobility due to process var-
iation. 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 deviation 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. Accordingly, there have
been continued attempts to reduce a luminance deviation
between pixels and thus improve an image quality by
introducing a compensation circuit that compensates a
driving TFT characteristic deviation and a drop voltage
of a high-potential voltage VDD.

[Disclosure]

[Technical Problem]

[0006] The present disclosure is conceived to solve
the above-described problem. In the present disclosure,
at a time when data are written to an Nth row unit pixel
and an image is displayed, an influence of adjacent pixel
lines on the Nth row unit pixel is minimized by using a
voltage compensation circuit. Accordingly, an object of
the present disclosure is to provide an OLED display de-
vice that solves a luminance deviation problem caused
by a voltage difference generated due to a leakage cur-
rent during a data writing period.

[Technical Solution]

[0007] In order to achieve the above-described object,
in the OLED display device according to an exemplary
embodiment of the present disclosure, 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 element connected in series between a high-po-
tential voltage supply line and a low-potential voltage
supply line, together with the light emitting element; 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-potential volt-
age supply line with a drain of the driving element in re-
sponse to an emission signal; and a first capacitor con-
nected 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 el-
ement, a programming period in which when the third
switching 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

1 2 



EP 3 166 100 A1

3

5

10

15

20

25

30

35

40

45

50

55

light emitting element.
[0008] The present disclosure provides an OLED dis-
play device that has a reduced luminance deviation be-
tween pixels since a driving TFT characteristic deviation
and a drop voltage of a high-potential voltage VDD are
compensated.
[0009] The present disclosure provides an OLED dis-
play device that has an improved image quality since a
luminance deviation between pixels is reduced.
[0010] The present disclosure provides an OLED dis-
play device that has an increased margin of a data driving
voltage since even when a relatively low data driving volt-
age is applied, an equivalent luminance is achieved.
[0011] Further, the present disclosure provides an
OLED display device that has an excellent response
characteristic since three frames displaying the same im-
age in order have a constant and stable luminance re-
gardless of images are displayed in their respective pre-
vious frames.

[Description of Drawings]

[0012]

FIG. 1 is a configuration view of an OLED display
device according to an exemplary embodiment of
the present disclosure;
FIG. 2 is 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
row unit pixel corresponding to an Nth gate line from
pixel lines (for example, N-2th, N-1th, N+1th, and
N+2th row unit pixels) adjacent to the Nth row unit
pixel 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. 5b is a graph illustrating a simulation result of
a Vgs value in an Nth row unit pixel corresponding
to an Nth gate line 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
row unit pixel corresponding to an Nth gate line from
pixel lines (for example, N-2th, N-1th, N+1th, and
N+2th row unit pixels) adjacent to the Nth row unit
pixel 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 row unit pixel corresponding
to an Nth gate line 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 illus-
trating that when an Nth row unit pixel corresponding
to an Nth gate line in a display panel of an OLED
display device is in a sampling period t2 or a pro-
gramming period t3, pixel lines (for example, N-2th,
N-1th, N+1th, and N+2th row unit pixels) adjacent to
the Nth row unit pixel is in an emission state accord-
ing to an exemplary embodiment of the present dis-
closure;
FIGS. 8a, 8b, 10a, 10b, 12a, 12b, 14a, and 14b re-
spectively corresponding to FIGS. 7, 9, 11, and 13
are driving waveform diagrams illustrating a driving
method of an Nth row unit pixel corresponding to an
Nth gate line in a display panel of an OLED display
device and pixel lines (for example, N-2th, N-1th,
N+1th, and N+2th row unit pixels) adjacent to the
Nth row unit pixel according to an exemplary embod-
iment 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 character-
istic 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]

[0013] 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.
[0014] 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 de-
scribed a case where a TFT is of an N type, for conven-
ience 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".
[0015] FIG. 1 is a configuration view of an OLED dis-
play device according to an exemplary embodiment of
the present disclosure.
[0016] 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 con-
troller 8 for arranging image data RGB input from the
outside, supplying the arranged image data RGB to the
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data driver 6, and outputting gate control signals GCS
and data control signals DCS to control the gate driver 4
and data driver 6.
[0017] Each pixel P includes an OLED and a pixel driv-
ing circuit including a driving TFT DT configured to supply
a drive current to the OLED. Each pixel driving circuit
independently drives the OLEDs of the respective pixels
P. Further, the pixel driving circuit is configured to com-
pensate 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. 2 to 6.
[0018] 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 re-
gions of the gate lines GL and the data lines DL.
[0019] 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-po-
tential 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.
[0020] 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 refer-
ence gamma voltage. Further, the data driver 6 supplies
the converted data voltage Vdata to the plurality of data
lines DL. Meanwhile, 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 pro-
gramming period, the data driver 6 outputs a reference
voltage Vref.
[0021] The timing controller 8 aligns the externally in-
put 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 con-
troller 8 generates a plurality of gate control signals GCS
and a plurality of data control signals DCS by using syn-
chronization signals SYNC input from the outside, for ex-
ample, a dot clock DCLK, a data enable signal DE, a
horizontal synchronization signal Hsync, and a vertical
synchronization signal Vsync. Further, the timing control-
ler 8 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.
[0022] Hereinafter, each pixel P according to an exem-
plary embodiment of the present disclosure will be de-
scribed in more detail with reference to FIG. 2 to FIG. 4.

[0023] Referring to FIG. 2, each pixel P according to
an exemplary embodiment of the present disclosure op-
erates in a plurality of periods divided into an initialization
period t1, a sampling period t2, a programming period
t3, a holding period t4, and an emission period t5, in re-
sponse to pulse timings of a plurality of gate signals sup-
plied to the pixel P.
[0024] The initialization period t1 may include a first
initialization 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 P has a higher value
than a threshold voltage of the driving TFT. For example,
as for the pixel P driven by the pixel driving circuit ac-
cording to a circuit diagram of FIG. 3, in the first initiali-
zation period t11, when the first scan signal SCAN1 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.
[0025] Meanwhile, although not illustrated in FIG. 2,
the initialization period t1 may include a second initiali-
zation period t12 in addition to the first initialization period
t11. In the second initialization period t12, a voltage ap-
plied 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 an eigen value
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 yet, 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 emis-
sion signal EM may be output at a low state at the same
time.
[0026] 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 t2, the first scan signal SCAN1 and emis-
sion 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.
[0027] 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 sec-
ond scan signal SCAN2 and emission signal EM may be
output at a low state at the same time.
[0028] The holding period t4 is a period between the
programming period t3 and the emission period t5. For
example, as for the pixel P driven by the pixel driving
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circuit according to the circuit diagram of FIG. 3, in the
holding period t4, all of the first scan signal SCAN1, the
second scan signal SCAN2, and the emission signal EM
may be output at a low state.
[0029] 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.
[0030] Meanwhile, the data diver 6 supplies data volt-
age Vdata to the plurality of data lines DL in sync with
the programming period t3 of each pixel P. In periods
other than the programming period t3, the data driver 6
supplies a reference voltage Vref to the plurality of data
lines DL.
[0031] Referring to FIG. 3, each pixel P includes an
OLED and a pixel driving circuit including four TFTs and
two capacitors, 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.
[0032] The driving TFT DT is connected in series be-
tween the VDD supply line and the VSS supply line, to-
gether with the OLED. In the emission period t5, the driv-
ing TFT DT supplies a drive current to the OLED.
[0033] 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 volt-
age Vref supplied from the data line DL in the initialization
period t1 and sampling period t2. Further, in the program-
ming period t3, the driving TFT DT supplies, to the first
node N1, the data voltage Vdata supplied from the data
line DL.
[0034] The second TFT T2 is turned on or off in re-
sponse to the second scan signal SCAN2. When the sec-
ond TFT T2 is turned on, the initialization voltage (Vinit)
supply line is connected with a second node N2 connect-
ed with a source of the driving TFT DT. The second TFT
T2 supplies, to the second node N2, the initialization volt-
age Vinit supplied from the Vinit supply line in the initial-
ization period t1.
[0035] 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 t2 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.
[0036] 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 ca-
pacitor C1 stores the threshold voltage Vth of the driving
TFT DT in the sampling period t2.
[0037] 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 capac-
itor 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 illustrat-
ed 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.
[0038] 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.
[0039] 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 pe-
riod t1 refers to a period before the third TFT T3 is turned
on, and in this period, the second TFT T2 is turned off.
[0040] Subsequently, in the sampling period t2, the first
and third TFTs T1 and T3 are turned on. Then, the first
node N1 sustains the reference voltage Vref. And, when
the drain of the driving TFT DT is floated, the high-po-
tential 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.
[0041] 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.
[0042] As a result, the voltage of the second node N2
is changed to "Vref-Vth+C’ (Vdata-Vref)" due to a cou-
pling phenomenon caused by voltage distribution ac-
cording to in-series connection of the first and second
capacitors C1 and C2. Herein, "C’ " represents
"C1/(C1+C2+Coled)". "Coled" represents the capaci-
tance of the OLED. In accordance with the present dis-
closure, the capacity ratio of the first capacitor C1 is rel-
atively reduced since the second capacitor C2 connected
in series with the first capacitor C1 is provided. Accord-
ingly, it is possible 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.
[0043] Then, in the holding period t4, no TFT is turned
on. That is, the first TFT T1 is turned off and the second
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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 pe-
riod after the programming period t3 and before the emis-
sion period t5.
[0044] 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 ex-
pressed by an expression "K(Vdata-Vref-C’(Vdata-
Vref))2". 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 re-
duce a luminance deviation between the pixels P by com-
pensating for a driving TFT characteristic deviation in
each pixel P and a voltage drop of the high-potential volt-
age VDD. Meanwhile, in accordance with the present
disclosure, it may be possible to compensate for a mo-
bility deviation between the driving TFTs DT by adjusting
an ascending time of the emission signal EM transitioning
from a low state to a high state at a starting point of the
emission period t5.
[0045] The inventors of the present disclosure found
that a luminance drop generated when the pixel P is driv-
en 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. 5b, FIG. 6a, and FIG. 6b.
[0046] FIG. 5a is a schematic diagram illustrating an
inflow direction of a leakage current introduced to an Nth
row unit pixel corresponding to an Nth gate line from pixel
lines (for example, N-2th, N-1th, N+1th, and N+2th row
unit pixels) adjacent to the Nth row unit pixel while a frame
in a display panel of an OLED display device realizes a
black image and a next frame realizes a white image.
[0047] FIG. 5b is a graph illustrating a simulation result
of a Vgs value in an Nth row unit pixel corresponding to
an Nth gate line while a frame in a display panel of an
OLED display device realizes a black image and a next
frame realizes a white image.
[0048] FIG. 6a is a schematic diagram illustrating an
inflow direction of a leakage current introduced to an Nth
row unit pixel corresponding to an Nth gate line from pixel
lines (for example, N-2th, N-1th, N+1th, and N+2th row
unit pixels) adjacent to the Nth row unit pixel 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.
[0049] FIG. 6b is a graph illustrating a simulation result
of a Vgs value in an Nth row unit pixel corresponding to
an Nth gate line 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.
[0050] An Nth row unit pixel 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 lines (for example, an N-1th row unit pixel and an
N+1th row unit pixel and their subsequent adjacent pixel
lines).
[0051] Meanwhile, while data are written to the Nth row
unit pixel, row unit pixels (for example, N-1th and N-2th
row unit pixels) before the Nth row unit pixel display an
image corresponding to data desired to be displayed on
a corresponding frame, and row unit pixels (for example,
N+1th and N+2th row unit pixels) after the Nth row unit
pixel 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 row unit pixel from pixel lines (for example, N-
2th, N-1th, N+1th, and N+2th row unit pixels) adjacent to
the Nth row unit pixel in a case where data are written to
the Nth row unit pixel 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.
[0052] While data are written to the Nth row unit pixel,
an anode voltage of the Nth row unit pixel 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
row unit pixel, a voltage applied to anodes of adjacent
pixel lines is relatively high. Therefore, a voltage differ-
ence is generated between the anode of the Nth row unit
pixel and the anodes of its adjacent pixel lines.
[0053] 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 row unit pixel
realizes a black state (i.e., a non-emission state) of the
frame, and, thus, an anode voltage is low. However, an
N-1th row unit pixel realizes a white state (i.e., an emis-
sion state typically with a luminance of 300 nit) of the next
frame, and, thus, an anode voltage is relatively higher
than the anode voltage of the N+1th row unit pixel. There-
fore, a difference between the voltage applied to the an-
ode of the Nth row unit pixel and the voltage applied to
the anode of the N+1th row unit pixel is not great. Thus,
a leakage current flows in a small amount, whereas a
difference between the voltage applied to the anode of
the Nth row unit pixel and the voltage applied to the anode
of the N-1th row unit pixel is relatively very great, and,
thus, a leakage current 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 row unit pixel
to the low-potential anode of the Nth row unit pixel via
the common layer of the organic light emitting layer. Re-
ferring to FIG. 5b, it can be seen that in the programming
period t3 of the Nth row unit pixel, 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.
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[0054] 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 row unit pixel and an
N-1th row unit pixel are in a white state, and, thus, an
anode voltage of the N+1th row unit pixel and an anode
voltage of the N-1th row unit pixel are high. Therefore, a
difference between the voltage applied to the anode of
the Nth row unit pixel and the voltage applied to the anode
of the N-1th row unit pixel is great and a difference be-
tween the voltage applied to the anode of the Nth row
unit pixel and the voltage applied to the anode of the
N+1th row unit pixel 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 row unit pixels
to the low-potential anode of the Nth row unit pixel (i.e.,
in a positive direction) via the common layer of the organic
light emitting layer. Referring to FIG. 6b, it can be seen
that in the programming period t3 of the Nth row unit pixel,
a voltage value of the second node is not constant but
exhibits a slight increase. In this case, Vgs is 3.12 V.
[0055] By comparing FIG. 5b and FIG. 6b, 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 real-
izes 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 real-
izes 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 row unit pixel, when pixel lines adjacent
to the Nth row unit pixel are in an emission state, as anode
voltages of the adjacent pixel lines increase, an influence
of a leakage current increases.
[0056] Meanwhile, when FIG. 5a and FIG. 6a are de-
scribed, only an influence of N-1th and N+1th row unit
pixels most adjacent to an Nth row unit pixel has been
described for convenience in explanation. However, ac-
tually, the present disclosure is not limited thereto. N-2th
and N+2th row unit pixels or N-3th or N+3th row unit
pixels also have an influence. In other words, as a pixel
line is more adjacent to the Nth row unit pixel, the pixel
line has a greater influence on the Nth row unit pixel, and
as a pixel line is less adjacent to the Nth row unit pixel,
the pixel line has a smaller influence on the Nth row unit
pixel.
[0057] The following is the reason why a leakage cur-
rent flows when there is a voltage difference between
anodes of adjacent pixel lines. An Nth row unit pixel
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 lines (for example, an N-1th row
unit pixel and an N+1th row unit pixel and their subse-
quent adjacent pixel lines). However, 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 row unit pixel and anodes of its adjacent
pixel lines, a current flows through a so-called common
layer.
[0058] Such a flow of a leakage current is increased
as a resistance of the common layer is decreased. Fur-
ther, particularly when the common layer is doped with
a small amount of impurity in order to improve the element
performance of the OLED, a flow of a leakage current is
increased. Since the impurity has conductivity, as a dop-
ing concentration of the impurity is increased, a resist-
ance 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 perform-
ance of the OLED.
[0059] In other words, in order to minimize inflow of a
leakage current, an increase in resistance may be con-
sidered. However, such an approach may deteriorate the
element performance of an OLED.
[0060] Thus, the inventors of the present disclosure
conceived a method for driving an OLED display device,
which solves a leakage current problem simply by ma-
nipulating a method for driving a pixel driving circuit with-
out 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. Herein, application
of the concept of the present disclosure in which when
the Nth row unit pixel is in a programming period t3, a
voltage of an anode of each pixel is controlled in order
for other adjacent row unit pixels to realize a non-emis-
sion state is not limited in the kind of a pixel driving circuit.
[0061] FIGS. 7, 9, 11, and 13 are schematic diagrams
illustrating that when an Nth row unit pixel corresponding
to an Nth gate line in a display panel of an OLED display
device is in a sampling period t2 or a programming period
t3, pixel lines (for example, N-2th, N-1th, N+1th, and
N+2th row unit pixels) adjacent to the Nth row unit pixel
is in an emission state according to an exemplary em-
bodiment of the present disclosure.
[0062] FIGS. 8a, 8b, 10a, 10b, 12a, 12b, 14a, and 14b
respectively corresponding to FIGS. 7, 9, 11, and 13 are
driving waveform diagrams illustrating a driving method
of an Nth row unit pixel corresponding to an Nth gate line
in a display panel of an OLED display device and pixel
lines (for example, N-2th, N-1th, N+1th, and N+2th row
unit pixels) adjacent to the Nth row unit pixel according
to an exemplary embodiment of the present disclosure.
[0063] At a time when an Nth row unit pixel correspond-
ing to an Nth gate line in a display panel of an OLED
display device moves on from a frame to a next frame,
if an Nth row unit pixel is driven in the sampling period
t2 or in the programming period t3, 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
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in the Nth row unit pixel. Therefore, the Nth row unit pixel
is in a non-emission state in the sampling period t2 or in
the programming period t3. In this case, adjacent pixel
lines are set to be in a non-emission state, and, thus, a
leakage current introduced from the adjacent pixel lines
(or adjacent row unit pixels) to the Nth row unit pixel is
minimized. To be more specific, when the Nth row unit
pixel is in the sampling period t2 or in the programming
period t3, anode voltages of the adjacent pixel lines are
set to be equal to or less than an anode voltage of the
Nth row unit pixel in order to suppress a voltage differ-
ence. Thus, a leakage current introduced from the adja-
cent pixel lines to the Nth row unit pixel is minimized.
According to this method, for example, when the Nth row
unit pixel is in the sampling period t2 or in the program-
ming period t3, (1) an N-1th row unit pixel is in the holding
period t4, (2) an N+1th row unit pixel 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.
[0064] FIG. 7 illustrates a case where when an Nth row
unit pixel is in the sampling period t2 or in the program-
ming period t3, N-1th and N+1th row unit pixels among
its adjacent pixel lines are in a non-emission state. Here-
in, 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 line and previous
and next two lines most adjacent to the Nth line, it is
obvious that such illustration is provided only for conven-
ience in explanation and a configuration of lines and col-
umns is not limited thereto.
[0065] To be more specific, when the Nth row unit pixel
is in the sampling period t2 or in the programming period
t3, (1) the N-1th row unit pixel is in the holding period t4,
(2) the N+1th row unit pixel is in any one of the first ini-
tialization period t11 and the second initialization period
t12, or in the first initialization period t11 and the second
initialization period t12.
[0066] FIG. 8a and FIG. 8b are driving waveform dia-
grams illustrating a driving method of an Nth row unit
pixel and pixel lines (for example, N-2th, N-1th, N+1th,
and N+2th row unit pixels) adjacent to the Nth row unit
pixel. FIG. 8a and FIG. 8b 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 t1, the sampling period t2, the
programming period t3, the holding period t4, and the
emission period t5 as described with reference to FIG. 2.
[0067] Referring to FIG. 8a, a driving timing may be
controlled such that when the Nth row unit pixel is in the
sampling period t2 or in the programming period t3, the
N-1th row unit pixel is in the holding period t4 and the
N+1th row unit pixel is in the second initialization period

t12.
[0068] 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
EM 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 EM signal EM to flow is turned on or may be turned
off at the same time as when the TFT configured to allow
the EM signal EM to flow is turned on.
[0069] Further, the second initialization period t12, in
which a voltage between an anode and a cathode of the
OLED is lower than an OLED threshold driving voltage,
corresponds to a period from when the TFT configured
to allow the second scan signal SCAN2 to flow is turned
on to before the TFT configured to allow the first scan
signal SCAN1 to flow is turned on. The second initializa-
tion 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 initial-
ization period t12. The same explanation for the first in-
itialization period t11 and the second initialization period
t12 applies to FIGS. 10, 12, and 14.
[0070] 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.
[0071] Referring to FIG. 8b, a driving timing may be
controlled such that when the Nth row unit pixel is in the
sampling period t2 or in the programming period t3, the
N-1th row unit pixel is in the holding period t4 and the
N+1th row unit pixel 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.
[0072] If each pixel P constituting a display panel of an
OLED display device goes through the second initializa-
tion period t12 between the emission period t5 and the
first initialization period t11, a voltage (for example, an
initialization voltage Vinit) lower than the threshold volt-
age 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 a display panel of an
OLED display device goes through only the first initiali-
zation period t11 as the initialization period t1, in (2) a
case where the pixel P goes through the second initiali-
zation period t12 in addition to the first initialization period
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t11 as the initialization period t1, a period in which an
anode voltage is lower than a voltage applied to the driv-
ing 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 row unit pixel.
[0073] 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 pe-
riod 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 pe-
riod 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.
[0074] Then, FIG. 9 illustrates a case where when an
Nth row unit pixel is in the sampling period t2 or in the
programming period t3, N-1th, N+1th, and N+2 row unit
pixels among its adjacent pixel lines are in a non-emis-
sion 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 line and previous and next two lines most adjacent
to the Nth line, it is obvious that such illustration is pro-
vided only for convenience in explanation and a config-
uration of lines and columns is not limited thereto.
[0075] To be more specific, when the Nth row unit pixel
is in the sampling period t2 or in the programming period
t3, (1) the N-1th row unit pixel is in the holding period t4,
(2) the N+1th row unit pixel and the N+2th row unit pixel
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.
[0076] FIG. 10a and FIG. 10b are driving waveform
diagrams illustrating a driving method of an Nth row unit
pixel and pixel lines (for example, N-2th, N-1th, N+1th,
and N+2th row unit pixels) adjacent to the Nth row unit
pixel. FIG. 10a and FIG. 10b are driving waveform dia-
grams 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 just an example,
and the driving method according to an exemplary em-
bodiment of the present disclosure as illustrated 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 initialization pe-
riod t1, the sampling period t2, the programming period
t3, the holding period t4, and the emission period t5 as
described with reference to FIG. 2.
[0077] Referring to FIG. 10a, a driving timing may be
controlled such that when the Nth row unit pixel is in the

sampling period t2 or in the programming period t3, the
N-1th row unit pixel is in the holding period t4 and all of
the N+1th and N+2th row unit pixels are in the second
initialization period t12.
[0078] 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 pe-
riod t12 over two horizontal periods 2H. Herein, a hori-
zontal period 1H refers to a period obtained by dividing
a period allotted for displaying a single frame by M if a
display panel is comprised of M gate lines GL to display
the single frame. The two horizontal periods 2H are twice
the horizontal period 1H.
[0079] Further, referring to FIG. 10a, a driving timing
may be controlled such that the second initialization pe-
riod t12 of the Nth row unit pixel constituting a display
device of an OLED display device to start before writing
the sampling period t2 of the N-1th row unit pixel.
[0080] Otherwise, referring to FIG. 10a, a driving timing
may be controlled such that the second initialization pe-
riod 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 initializa-
tion period t11 does not end earlier than the second ini-
tialization period t12.
[0081] Referring to FIG. 10b, a driving timing may be
controlled such that when the Nth row unit pixel is in the
sampling period t2 or in the programming period t3, the
N-1th row unit pixel is in the holding period t4 and all of
the N+1th and N+2th row unit pixels are in the first ini-
tialization period t11.
[0082] That is, referring to FIG. 10b, 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 over the two horizontal
periods 2H.
[0083] Further, referring to FIG. 10b, a driving timing
may be controlled such that the first initialization period
t11 of the Nth row unit pixel constituting a display panel
of an OLED display device to start before writing the sam-
pling period t2 of the N-1th row unit pixel.
[0084] Otherwise, referring to FIG. 10b, 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.
[0085] If a 4T2C structure illustrated in FIG. 3 is adopt-
ed 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 driving
circuit of another structure is adopted, the first initializa-
tion period t11 and the second initialization period t12
may be completely overlapped in time, i.e., the initializa-
tion period t1 may be the first initialization period t11 or
the second initialization period t12. That is, the first ini-
tialization 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
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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.
[0086] Then, FIG. 11 illustrates a case where when an
Nth row unit pixel is in the sampling period t2 or in the
programming period t3, N-1th, N-2th, and N+1 row unit
pixels among its adjacent pixel lines are in a non-emis-
sion 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 line and previous and next two lines most adjacent
to the Nth line, it is obvious that such illustration is pro-
vided only for convenience in explanation and a config-
uration of lines and columns is not limited thereto.
[0087] To be more specific, when the Nth row unit pixel
is in the sampling period t2 or in the programming period
t3, (1) the N-2th and N-1th row unit pixels are in the hold-
ing period t4, (2) the N+1th row unit pixel is in any one
of the first initialization period t11 and the second initial-
ization period t12, or in the first initialization period t11
and the second initialization period t12.
[0088] FIG. 12a and FIG. 12b are driving waveform
diagrams illustrating a driving method of an Nth row unit
pixel and pixel lines (for example, N-2th, N-1th, N+1th,
and N+2th row unit pixels) adjacent to the Nth row unit
pixel. FIG. 12a and FIG. 12b are driving waveform dia-
grams for driving a display panel as illustrated in FIG. 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 em-
bodiment of the present disclosure as illustrated 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 initialization
period t1, the sampling period t2, the programming period
t3, the holding period t4, and the emission period t5 as
described with reference to FIG. 2.
[0089] Referring to FIG. 12a, a driving timing may be
controlled such that when the Nth row unit pixel is in the
sampling period t2 or in the programming period t3, the
N-2th and N-1th row unit pixels are in the holding period
t4 and the N+1th row unit pixel is in the second initializa-
tion period t12.
[0090] That is, referring to FIG. 12a, a driving timing
may be controlled such that the second initialization pe-
riod 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 initializa-
tion period t11 does not end earlier than the second ini-
tialization period t12.
[0091] Referring to FIG. 12b, a driving timing may be
controlled such that when the Nth row unit pixel is in the
sampling period t2 or in the programming period t3, the
N-2th and N-1th row unit pixels are in the holding period
t4 and the N+1th row unit pixel is in the first initialization
period t11.
[0092] That is, referring to FIG. 12b, 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.
[0093] 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 initial-
ization period t11 and the second initialization period t12
may be completely overlapped in time, i.e., the initializa-
tion period t11 may be the first initialization period t11 or
the second initialization period t12. That is, the first ini-
tialization 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.
[0094] Then, FIG. 13 illustrates a case where when an
Nth row unit pixel is in the sampling period t2 or in the
programming period t3, N-1th, N-2th, N+1th, and N+2th
row unit pixels among its adjacent pixel lines 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 line and previous and next two lines most adjacent
to the Nth line, it is obvious that such illustration is pro-
vided only for convenience in explanation and a config-
uration of lines and columns is not limited thereto.
[0095] To be more specific, when the Nth row unit pixel
is in the sampling period t2 or in the programming period
t3, (1) the N-2th and N-1th row unit pixels are in the hold-
ing period t4, (2) the N+1th and N+2th row unit pixels are
in any one of the first initialization period t11, the second
initialization period t12, and the initialization period t1, or
in the first initialization period t11 and the second initial-
ization period t12.
[0096] FIG. 14a and FIG. 14b are driving waveform
diagrams illustrating a driving method of an Nth row unit
pixel and pixel lines (for example, N-2th, N-1th, N+1th,
and N+2th row unit pixels) adjacent to the Nth row unit
pixel. FIG. 14a and FIG. 14b are driving waveform dia-
grams for driving a display panel as illustrated in FIG. 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 em-
bodiment of the present disclosure as illustrated 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 initialization
period t1, the sampling period t2, the programming period
t3, the holding period t4, and the emission period t5 as
described with reference to FIG. 2.
[0097] Referring to FIG. 14a, a driving timing may be
controlled such that when the Nth row unit pixel is in the
sampling period t2 or in the programming period t3, the
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N-2th and N-1th row unit pixels are in the holding period
t4 and the N+1th and N+2th row unit pixels are in the
second initialization period t12.
[0098] That is, 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 holding period t4 over two horizontal periods 2H.
[0099] Further, referring to FIG. 14a, a driving timing
may be controlled such that the second initialization pe-
riod 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 initializa-
tion period t11 does not end earlier than the second ini-
tialization period t12.
[0100] Furthermore, referring to FIG. 14a, a driving tim-
ing 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.
[0101] Referring to FIG. 14b, a driving timing may be
controlled such that when the Nth row unit pixel is in the
sampling period t2 or in the programming period t3, the
N-2th and N-1th row unit pixels are in the holding period
t4 and the N+1th and N+2th row unit pixels are in the first
initialization period t11.
[0102] That is, referring to FIG. 14b, a driving timing
may be controlled such that each pixel constituting a dis-
play panel of an OLED display device goes through the
holding period t4 over the two horizontal periods 2H.
[0103] Otherwise, referring to FIG. 14b, a driving timing
may be controlled such that each pixel constituting a dis-
play panel of an OLED display device goes through only
the first initialization period t11.
[0104] Further, referring to FIG. 14b, a driving timing
may be controlled such that each pixel constituting a dis-
play panel of an OLED display device goes through the
first initialization period t11 over the two horizontal peri-
ods 2H.
[0105] If a 4T2C structure illustrated in FIG. 3 is adopt-
ed 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 driving
circuit of another structure is adopted, the first initializa-
tion period t11 and the second initialization period t12
may be completely overlapped in time, i.e., the initializa-
tion period t1 may be the first initialization period t11 or
the second initialization period t12. That is, the first ini-
tialization 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 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.
[0106] In short, when an Nth row unit pixel constituting
a display panel of an OLED display device is in the sam-
pling period t2 or in the programming period t3, pixel lines
adjacent to the Nth row unit pixel are set to be in a non-

emission state. Thus, anode voltages of the adjacent pix-
el lines are set to be equal to or less than an anode voltage
of the Nth row unit pixel, so that a leakage current intro-
duced from the adjacent pixel lines to the Nth row unit
pixel is minimized. In order to do so, a driving timing is
controlled such that when the Nth row unit pixel is in the
sampling period t2 or in the programming period t3, at
least one of the previous row unit pixels (for example, N-
1th, N-2th, and N-3th row unit pixels) adjacent to the Nth
row unit pixel is in the holding period t4 and at least one
of the next adjacent row unit pixels (for example, N+1th,
N+2th, and N+3th row unit pixels) adjacent to the Nth
row unit pixel 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 pe-
riod t12.
[0107] Next, 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").
[0108] 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 condi-
tion, 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 equiva-
lent luminance can be achieved. Thus, according to the
present disclosure, it is possible to increase a margin of
a data driving voltage.
[0109] Next, 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 accord-
ing 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.
[0110] 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 dif-
ferent in luminance depending images displayed in their
respective previous frames. However, it can be seen that
in the present disclosure, 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
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regardless of images displayed in their respective previ-
ous frames.
[0111] In an OLED display device according to an ex-
emplary embodiment of the present disclosure, when an
Nth row unit pixel is in a sampling period or a program-
ming period, at least one row unit pixel of a previous row
unit pixel or a next row unit pixel adjacent to the Nth row
unit pixel is in any one of a holding period from after com-
pletion of writing data voltage to each of the at least one
row unit pixel to before each of the at least one row unit
pixel emits light, a first initialization period in which a volt-
age of an anode of an OLED included in each of the at
least one row unit pixel has a lower value than an OLED
driving voltage, and 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 of the at
least one row unit pixel has a higher value than a thresh-
old voltage of the driving element, or in the first initializa-
tion period and the second initialization period.
[0112] As another feature of the OLED display device
according to an exemplary embodiment of the present
disclosure, when the Nth row unit pixel is in a sampling
period or a programming period, the previous row unit
pixel adjacent to the Nth row unit pixel is in a holding
period.
[0113] As yet another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, when the Nth row unit pixel is in a
sampling period or a programming period, the next row
unit pixel adjacent to the Nth row unit pixel is in a second
initialization period.
[0114] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, in the Nth row unit pixel, a second
initialization period starts earlier than a first initialization
period.
[0115] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, in the Nth row unit pixel, a first initial-
ization period and a second initialization period start at
the same time.
[0116] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, when the previous row unit pixel ad-
jacent to the Nth row unit pixel is in a sampling period, a
first initialization period or a second initialization period
starts in the Nth row unit pixel.
[0117] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, when an N-1th or N-2th row unit pixel
is in a sampling period, a first initialization period or a
second initialization period starts in the Nth row unit pixel.
[0118] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, in the Nth row unit pixel, a first initial-
ization period and a second initialization period end at
the same time.

[0119] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, a first initialization period or a second
initialization period of the Nth row unit pixel starts before
a sampling period of an N-1th row unit pixel.
[0120] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, the Nth row unit pixel goes through
the first initialization period t11 over two horizontal peri-
ods 2H, the second initialization period t12 over two hor-
izontal periods 2H, or the holding period t4 over two hor-
izontal periods 2H.
[0121] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, when the Nth row unit pixel is in a
sampling period or a programming period, an N-1th row
unit pixel and an N-2th row unit pixel are in a holding
period.
[0122] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, the OLED is a light emitting element
and each of a plurality of pixels includes a pixel driving
circuit that drives the light emitting element. The pixel
driving circuit includes: the driving element connected in
series between a high-potential voltage supply line and
a low-potential voltage supply line, together with the light
emitting element; 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 sec-
ond switching element that connects an initialization volt-
age 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-potential voltage supply line with a drain of the driv-
ing element in response to an emission signal; and a first
capacitor connected between the first node and the sec-
ond 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 ini-
tialize 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 element, a programming period in which when
the third switching 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 be-
fore 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.
[0123] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, the initialization period includes a first
initialization period or a second initialization period. The
first initialization period is a period from when the first
switching element and the second switching element are
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turned on in response to a first scan signal and a second
scan signal, respectively, to before the third switching
element is turned on in response to an emission signal.
The second initialization period is a period in which the
second switching element is turned on in response to the
second scan signal before the first switching element is
turned on in response to the first scan signal.
[0124] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, in the first initialization period, before
the third switching element is turned on in response to
the emission signal, the second switching element is
turned off in response to the second scan signal. Or when
the third switching element is turned on in response to
the emission signal, the second switching element is
turned off in response to the second scan signal.
[0125] An OLED display device according to an exem-
plary embodiment of the present disclosure includes a
circuit that controls a voltage of an Nth row unit pixel and
a voltage of anodes of pixel lines adjacent to the Nth row
unit pixel in order to minimize a voltage difference be-
tween the Nth row unit pixel and the pixel lines adjacent
to the Nth row unit pixel to suppress a decrease in lumi-
nance of the Nth row unit pixel caused by a leakage cur-
rent introduced to the Nth row unit pixel, and the circuit
is configured to set the voltage of the anodes of pixel
lines adjacent to the Nth row unit pixel to be equal to or
lower than a voltage of an anode of the Nth row unit pixel
when the Nth row unit pixel is in the sampling period or
the programming period during a driving timing of the
OLED display device.
[0126] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, to make a time delay secured be-
tween after completion of writing of a data voltage to a
pixel and before the pixel emits a light in order for at least
one of previous pixel lines adjacent to the Nth row unit
pixel to be in a non-emission state when the Nth row unit
pixel is in the programming period, control of a voltage
of the anode by the circuit is supported by a timing con-
troller, and the timing controller receives image data and
synchronization signals from an external source, outputs
the image data and a generated data control signal to a
data driver through a plurality of data lines, and outputs
a generated gate control signal to a gate driver through
a plurality of gate lines, and, thus, the holding period is
added between the programming period and the emis-
sion period during the driving timing of the OLED display
device.
[0127] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, to secure a period in which a voltage
applied between an anode and a cathode of an OLED of
a pixel is lower than a threshold driving voltage of the
OLED of the pixel after the pixel emits a light in order for
at least one of next pixel lines adjacent to the Nth row
unit pixel to be in a non-emission state when the Nth row
unit pixel is in the programming period, control of a volt-

age of the anode by the circuit is supported by a timing
controller, and the timing controller receives image data
and synchronization signals from an external source, out-
puts the image data and a generated data control signal
to a data driver through a plurality of data lines, and out-
puts a generated gate control signal to a gate driver
through a plurality of gate lines, and, thus, an initialization
period in which the pixel is initialized during the driving
timing of the OLED display device includes a second in-
itialization period, and the second initialization period is
a period in which a second switching element connected
with an initialization voltage supply line is turned on in
response to a second scan signal before a first switching
element connected with a data line is turned on in re-
sponse to a first scan signal.
[0128] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, control of a voltage of the anode by
the circuit is supported by a gate driver, and the gate
driver receives a gate control signal from a timing con-
troller, and each gate control signal includes a first scan
signal, a second scan signal, and an emission signal to
be output to each pixel through a plurality of gate lines.
[0129] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, control of a voltage of the anode by
the circuit is supported by a data driver, and the data
driver receives image data and a data control signal from
a timing controller and outputs a converted data voltage
to each pixel through a plurality of data lines.
[0130] As still another feature of the OLED display de-
vice according to an exemplary embodiment of the
present disclosure, control of a voltage of the anode by
the circuit is supported by a display panel including a
plurality of pixels, and each of the plurality of pixels re-
spectively provided in intersection regions of a plurality
of gate lines and a plurality of data lines includes a pixel
driving circuit connected with an OLED, a gate line, a
data line, a high-potential voltage supply line, a low-po-
tential voltage supply line, and an initialization voltage
supply line.
[0131] The present disclosure is not limited to the
above-described exemplary embodiment and the ac-
companying drawings, and it is obvious to those skilled
in the art that various substitutions, modifications, and
changes can be made without departing from the scope
of the present disclosure.

Claims

1. An OLED display device in which when an Nth row
unit pixel is in a sampling period or a programming
period, at least one row unit pixel of a previous row
unit pixel or a next row unit pixel adjacent to the Nth
row unit pixel is in any one of a holding period from
after completion of writing of a data voltage to each
of the at least one row unit pixel to before each of
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the at least one row unit pixel emits a light, a first
initialization period in which a voltage of an anode
of an OLED included in each of the at least one row
unit pixel has a lower value than an OLED driving
voltage, and 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 of the at least one row unit pixel has a higher
value than a threshold voltage of the driving element,
or in the first initialization period and the second in-
itialization period.

2. The OLED display device according to claim 1,
wherein when the Nth row unit pixel is in the sampling
period or the programming period, the previous row
unit pixel adjacent to the Nth row unit pixel is in the
holding period.

3. The OLED display device according to claim 1,
wherein when the Nth row unit pixel is in the sampling
period or the programming period, the next row unit
pixel adjacent to the Nth row unit pixel is in the second
initialization period.

4. The OLED display device according to claim 1,
wherein in the Nth row unit pixel, the second initial-
ization period starts earlier than the first initialization
period.

5. The OLED display device according to claim 1,
wherein in the Nth row unit pixel, the first initialization
period and the second initialization period start at
the same time.

6. The OLED display device according to claim 1,
wherein when the previous row unit pixel adjacent
to the Nth row unit pixel is in the sampling period,
the first initialization period or the second initializa-
tion period starts in the Nth row unit pixel.

7. The OLED display device according to claim 6,
wherein when an N-1th or N-2th row unit pixel is in
the sampling period, the first initialization period or
the second initialization period starts in the Nth row
unit pixel.

8. The OLED display device according to claim 5,
wherein in the Nth row unit pixel, the first initialization
period and the second initialization period end at the
same time.

9. The OLED display device according to claim 1,
wherein the first initialization period or the second
initialization period of the Nth row unit pixel starts
before the sampling period of an N-1th row unit pixel.

10. The OLED display device according to claim 1,

wherein the Nth row unit pixel goes through the first
initialization period over two horizontal periods, the
second initialization period over two horizontal peri-
ods, or the holding period over two horizontal peri-
ods.

11. The OLED display device according to claim 1,
wherein when the Nth row unit pixel is in the sampling
period or the programming period, an N-1th row unit
pixel and an N-2th row unit pixel are in the holding
period.

12. The OLED display device according to claim 1,
wherein the OLED is a light emitting element and
each of a plurality of pixels includes a pixel driving
circuit that drives the light emitting element, and
the pixel driving circuit includes:

the driving element connected in series between
a high-potential voltage supply line and a low-
potential voltage supply line, together with the
light emitting element;
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 el-
ement in response to a second scan signal;
a third switching element that connects the high-
potential voltage supply line with a drain of the
driving element in response to an emission sig-
nal; and
a first capacitor connected between the first
node and the second node, and
the pixel driving circuit operates in a period di-
vided 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 sec-
ond nodes,
the sampling period in which the pixel driving
circuit turns on the first and third switching ele-
ments, to sense a threshold voltage of the driv-
ing element,
the programming period in which when the third
switching element is in an off state, the pixel driv-
ing circuit turns on the first switching element,
to write a data voltage to the pixel,
the holding period from after completion of writ-
ing of a data voltage to the pixel to before the
pixel emits a light, and
an emission period in which the pixel driving cir-
cuit turns on the third switching element, to
cause the driving element to supply a drive cur-
rent to the light emitting element.
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13. The OLED display device according to claim 12,
wherein the initialization period includes the first in-
itialization period or the second initialization period,
the first initialization period is a period from when the
first switching element and the second switching el-
ement are turned on in response to a first scan signal
and a second scan signal, respectively, to before the
third switching element is turned on in response to
an emission signal, and
the second initialization period is a period in which
the second switching element is turned on in re-
sponse to the second signal before the first switching
element is turned on in response to the first scan
signal.

14. The OLED display device according to claim 13,
wherein in the first initialization period, before the
third switching element is turned on in response to
the emission signal, the second switching element
is turned off in response to the second scan signal,
or when the third switching element is turned on in
response to the emission signal, the second switch-
ing element is turned off in response to the second
scan signal.

15. A device comprising:

a circuit that controls a voltage of an Nth row
unit pixel and a voltage of anodes of pixel lines
adjacent to the Nth row unit pixel in order to min-
imize a voltage difference between the Nth row
unit pixel and the pixel lines adjacent to the Nth
row unit pixel to suppress a decrease in lumi-
nance of the Nth row unit pixel caused by a leak-
age current introduced to the Nth row unit pixel,
wherein the circuit is configured to set the volt-
age of the anodes of pixel lines adjacent to the
Nth row unit pixel to be equal to or lower than a
voltage of an anode of the Nth row unit pixel
when the Nth row unit pixel is in the sampling
period or the programming period during a driv-
ing timing of an OLED display device.

16. The device according to claim 15, wherein to make
a time delay secured between after completion of
writing of a data voltage to a pixel and before the
pixel emits a light in order for at least one of previous
pixel lines adjacent to the Nth row unit pixel to be in
a non-emission state when the Nth row unit pixel is
in the programming period,
control of a voltage of the anode by the circuit is
supported by a timing controller, and the timing con-
troller receives image data and synchronization sig-
nals from an external source, outputs the image data
and a generated data control signal to a data driver
through a plurality of data lines, and outputs a gen-
erated gate control signal to a gate driver through a
plurality of gate lines, and, thus, the holding period

is added between the programming period and the
emission period during the driving timing of the
OLED display device.

17. The device according to claim 15, wherein to secure
a period in which a voltage applied between an an-
ode and a cathode of an OLED of a pixel is lower
than a threshold driving voltage of the OLED of the
pixel after the pixel emits a light in order for at least
one of next pixel lines adjacent to the Nth row unit
pixel to be in a non-emission state when the Nth row
unit pixel is in the programming period,
control of a voltage of the anode by the circuit is
supported by a timing controller, and the timing con-
troller receives image data and synchronization sig-
nals from an external source, outputs the image data
and a generated data control signal to a data driver
through a plurality of data lines, and outputs a gen-
erated gate control signal to a gate driver through a
plurality of gate lines, and, thus, an initialization pe-
riod in which the pixel is initialized during the driving
timing of the OLED display device includes a second
initialization period, and
the second initialization period is a period in which
a second switching element connected with an ini-
tialization voltage supply line is turned on in response
to a second scan signal before a first switching ele-
ment connected with a data line is turned on in re-
sponse to a first scan signal.

18. The device according to claim 15, wherein control of
a voltage of the anode by the circuit is supported by
a gate driver, and the gate driver receives a gate
control signal from a timing controller, and each gate
control signal includes a first scan signal, a second
scan signal, and an emission signal to be output to
each pixel through a plurality of gate lines.

19. The device according to claim 15, wherein control of
a voltage of the anode by the circuit is supported by
a data driver, and the data driver receives image
data and a data control signal from a timing controller
and outputs a converted data voltage to each pixel
through a plurality of data lines.

20. The device according to claim 15, wherein control of
a voltage of the anode by the circuit is supported by
a display panel including a plurality of pixels, and
each of the plurality of pixels respectively provided
in intersection regions of a plurality of gate lines and
a plurality of data lines includes a pixel driving circuit
connected with an OLED, a gate line, a data line, a
high-potential voltage supply line, a low-potential
voltage supply line, and an initialization voltage sup-
ply line.
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