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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD FOR
DRIVING THE SAME

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2012-0157007, filed on Dec.
28,2012, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting diode (OLED) display device and a method for
driving the same.

[0004] 2. Discussion of the Related Art

[0005] Each of Pixels constituting an OLED display device
includes an OLED constituted by an anode, a cathode, and an
organic light emitting layer interposed between the anode and
the cathode, and a pixel circuit for independently driving the
OLED. The pixel circuit mainly includes a switching thin film
transistor (TFT), a capacitor, and a driving TFT. The switch-
ing TFT charges a data voltage in the capacitor in response to
a scan pulse. The driving TFT controls an amount of current
supplied to the OLED in accordance with the data voltage
charged in the capacitor, to adjust an emission intensity of the
OLED.

[0006] In such an OLED display device, however, pixels
thereof exhibit characteristic differences in terms of, for
example, the threshold voltage (Vth) and mobility of driving
TFTs, due to process deviation, etc. Voltage drop of a high-
level voltage VDD may also occur. As a result, the amount of
current to drive each OLED may vary and, as such, luminance
deviation may be exhibited among the pixels. Generally, char-
acteristic differences initially exhibited among driving TFTs
may cause display of spots or patterns on a screen. On the
other hand, characteristic differences exhibited among driv-
ing TFTs in accordance with operation of the driving TFTs to
drive OLEDs may cause a reduction in the lifespan of an
OLED display panel or generation of after images.

SUMMARY OF THE INVENTION

[0007] Accordingly, the present invention is directed to an
organic light emitting diode display device and a method for
driving the same that substantially obviate one or more prob-
lems due to limitations and disadvantages of the related art.
[0008] An object of the present invention is to provide an
organic light emitting diode (OLED) display device and a
method for driving the same, which are capable of reducing
luminance deviation among pixels through compensation for
characteristic differences of driving thin film transistors
(TFTs) and compensation for voltage drop of a high-level
voltage (VDD), thereby achieving an enhancement in picture
quality.

[0009] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0010] To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
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and broadly described herein, an organic light emitting diode
display device includes a plurality of pixels each comprising
alight emitting element, and a pixel driving circuit for driving
the light emitting element, wherein the pixel driving circuit
includes a driving switching element connected in series
between a high-level voltage supply line and a low-level
voltage supply line, together with the light emitting element,
a first switching element for connecting a data line and a first
node connected to a gate of the driving switching element in
response to a first scan signal, a second switching element for
connecting an initialization voltage supply line and a second
node connected to a source of the driving switching element
in response to a second scan signal, a third switching element
for connecting the high-level voltage supply line and a drain
of the driving switching element in response to an emission
signal, and a first capacitor connected between the first node
and the second node, wherein the pixel driving circuit opet-
ates in a period divided into an initialization period in which
the pixel driving circuit turns on the first and second switch-
ing elements, to initialize the first and second nodes, a sam-
pling period in which the pixel driving circuit turns on the first
and third switching elements, to sense a threshold voltage of
the driving switching element, a programming period in
which the pixel driving circuit turns on the first switching
element, to write a data voltage into the pixel, and an emission
period in which the pixel driving circuit turns on the third
switching element, to cause the driving switching element to
supply drive current to the light emitting element.

[0011] In the initialization period, the first switching ele-
ment may supply a reference voltage supplied from the data
line to the first node, and the second switching element sup-
plies an initialization voltage supplied from the initialization
voltage supply line to the second node.

[0012] In the sampling period, the first switching element
may supply a reference voltage supplied from the data line to
the first node. The third switching element may supply a
high-level voltage supplied from the high-level voltage sup-
ply line to the drain of the driving switching element.
[0013] In the programming period, the first switching ele-
ment may supply the data voltage supplied from the data line
to the first node.

[0014] In the emission period, the third switching element
may supply a high-level voltage supplied from the high-level
voltage supply line to the drain of the driving switching ele-
ment.

[0015] The organic light emitting diode display device may
further include a second capacitor connected in series to the
first capacitor, the second capacitor relatively reducing a
capacity ratio of the first capacitor, thereby enhancing a lumi-
nance of the light emitting element versus the data voltage
applied to the pixel. The second capacitor may be connected
between the second node and the high-level voltage supply
line, between the second node and the low-level voltage sup-
ply line, or between the second node and the initialization
voltage supply line.

[0016] The light emitting diode display device may further
include a first switch for performing switching between an
output channel of a data driver and a first data line, and a
second switch for performing switching between the output
channel ofthe data driver and a second data line. The first and
second switches may be turned on in a sequential manner
when one of the pixels, which is connected to the first data
line, operates in the programming period thereof, and another
one of the pixels, which is connected to the second data line,
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operates in the programming period thereof, respectively,
thereby supplying a data voltage supplied from the output
channel of the data driver to the first and second data lines in
a sequential manner.

[0017] The pixels may operate on a per column basis, and
each operation period of the pixels may be divided into a first
horizontal period and a second horizontal period subsequent
to the first horizontal period. Each of the pixels in a current
pixel column may have the initialization period in the first
horizontal period thereof, the initialization period of the pixel
in the current pixel column corresponding to the sampling
period of each of the pixels in a previous pixel column Each
of the pixels in the current pixel column may have the sam-
pling period and the programming period in the second hori-
zontal period thereof.

[0018] Inanother aspect of the present invention, a method
for driving an organic light emitting diode display device
including a plurality of pixels each comprising a light emit-
ting element, and a pixel driving circuit for driving the light
emitting element, the pixel driving circuit including a driving
switching element connected in series between a high-level
voltage supply line and a low-level voltage supply line,
together with the light emitting element, a first switching
element for connecting a data line and a first node connected
to a gate of the driving switching element in response to a first
scan signal, a second switching element for connecting an
initialization voltage supply line and a second node con-
nected to a source of the driving switching element in
response to a second scan signal, a third switching element for
connecting the high-level voltage supply line and a drain of
the driving switching element in response to an emission
signal, and a first capacitor connected between the first node
and the second node, includes an initialization step of turning
on the first and second switching elements, to initialize the
first and second nodes, a sampling step of turning on the first
and third switching elements, to sense a threshold voltage of
the driving switching element, a programming step of turning
on the first switching element, to write a data voltage into the
pixel, and an emission step of turning on the third switching
element, to cause the driving switching element to supply
drive current to the light emitting element.

[0019] The initialization step may include turning on the
first switching element, to supply a reference voltage supplied
from the data line to the first node, and turning on the second
switching element, to supply an initialization voltage sup-
plied from the initialization voltage supply line to the second
node.

[0020] The sampling step may include turning on the first
switching element, to supply the reference voltage supplied
from the data line to the first node, and turning on the third
switching element, to supply a high-level voltage supplied
from the high-level voltage supply line to the drain of the
driving switching element, whereby a source voltage of the
driving switching element is varied to “Vref-Vth”, where
“Vref” represents the reference voltage, and “Vth” represents
the threshold voltage of the driving switching element.
[0021] The programming step may include turning on the
first switching element, to supply the data voltage supplied
from the data line to the first node, and relatively reducing a
capacity ratio of the first capacitor by a second capacitor
connected between the second node and the high-level volt-
age supply line, between the second node and the low-level
voltage supply line, or between the second node and the
initialization voltage supply line, whereby a source voltage of
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the driving switching element is varied to “Vref=Vth+C'
(Vdata-Vref)”, where “Vdata” represents the data voltage,
“C” represents “C1/(C1+C2+Coled)”, “C1” represents a
capacitance of the first capacitor, “C2” represents a capaci-
tance of the second capacitor, and “Coled” represents a
capacitance of the light emitting element.

[0022] The emission step may include turning on the third
switching element, to supply the high-level voltage supplied
from the high-level voltage supply line to the drain of the
driving switching element, whereby the drive current sup-
plied from the driving switching element to the light emitting
element corresponds to “V2xK (Vdata—Vref-C'(Vdata-
Vref))*”, where “K” represents a constant determined in
accordance with a mobility of the driving switching element
and a parasitic capacity of the driving switching element.
[0023] The light emitting diode display device may further
include a first switch for performing switching between an
output channel of a data driver and a first data line, and a
second switch for performing switching between the output
channel of the data driver and a second data line. The method
may further include turning on the first and second switches in
a sequential manner when one of the pixels, which is con-
nected to the first data line, operates in the programming
period thereof, and another one of the pixels, which is con-
nected to the second data line, operates in the programming
period thereof, respectively, thereby supplying a data voltage
supplied from an output channel of a data driver to the first
and second data lines in a sequential manner.

[0024] The pixels may operate on a per column basis, and
each operation period of the pixels may be divided into a first
horizontal period and a second horizontal period subsequent
to the first horizontal period. Each of the pixels in a current
pixel column may execute the initialization step in the first
horizontal period thereof during execution of the sampling
step of each of the pixels in a previous pixel column Each of
the pixels in the current pixel column may execute the sam-
pling step and the programming step in the second horizontal
period thereof.

[0025] In accordance with the present invention, it may be
possible to reduce luminance deviation among pixels through
compensation for characteristic differences of driving thin
film transistors (TFTs) and compensation for voltage drop of
a high-level voltage (VDD), thereby achieving an enhance-
ment in picture quality.

[0026] Itisto beunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and along with the
description serve to explain the principle of the invention. In
the drawings:

[0028] FIG. 1isablock diagram illustrating a configuration
of an organic light emitting diode (OLED) display device
according to an exemplary embodiment of the present inven-
tion;

[0029] FIG. 2 is a driving waveform diagram of each pixel
P illustrated in FIG. 1,
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[0030] FIG. 3 isa circuit diagram of each pixel P illustrated
in FIG. 1;

[0031] FIGS. 4A and 4B are circuit diagrams of each pixel
P according to other embodiments of the present invention,
respectively;

[0032] FIG. 5 is a circuit diagram illustrating a configura-
tionofan OLED display device according to another embodi-
ment of the present invention; and

[0033] FIG. 6 is a driving waveform diagram of the OLED
display device illustrated in FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Reference will now be made in detail to the pre-
ferred embodiments of the present invention associated with
an organic light emitting diode display device and a method
for driving the same, examples of which are illustrated in the
accompanying drawings.

[0035] Thin film transistors (TFTs) employed in the present
invention may be of a P type or an N type. The following
description will be given in conjunction with the case in
which TFTs are of an N type, for convenience of description.
In this regard, gate high voltage VGH is a gate-on voltage to
turn on a TFT, and gate low voltage VGL is a gate-off voltage
to turn off a TFT. In explaining pulse type signals, gate high
voltage (VGH) state is defined as a “high state”, and gate low
voltage (VGL) state is defined as a “low state”.

[0036] FIG.1isablockdiagram illustrating a configuration
of an organic light emitting diode (OLED) display device
according to an exemplary embodiment of the present inven-
tion.

[0037] 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 plural gate lines GL, and a data driver 6 for driving
the plural data lines DL. The OLED display device also
includes a timing controller 8 for arranging image data RGB
input from outside of the OLED display device, 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.

[0038] Each pixel P includes an OLED, and a pixel driving
circuit. The pixel driving circuit includes a driving TFT DT, to
independently drive the OLED. The pixel driving circuit is
configured to compensate for characteristic deviation of the
driving TFT DT and to compensate for voltage drop of a high
level voltage VDD. Thus, it is possible to reduce luminance
deviation among the pixels P. The pixels P according to the
present invention will be described in detail with reference to
FIGS. 2 to 6.

[0039] The display panel 2 includes the intersecting plural
gate lines GL and plural data lines DL. The pixels P are
arranged in intersection regions of the gate and data lines GL
and DL. As described above, each pixel P includes one OLED
and one pixel driving circuit. Bach pixel P is connected to one
gate line G, one data line DL, a high level voltage supply line
for a high level voltage VDD, a low level voltage supply line
for a low level voltage VSS, and an initialization voltage
supply line for an initialization voltage Vinit.

[0040] The gate driver 4 supplies a plurality of gate signals
to the plural gate lines GL in accordance with a plurality of
gate control signals GCS supplied from the timing controller
8. The plural gate signals include first and second scan signals
SCAN1 and SCAN2, and an emission signal EM. These
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signals are supplied to each pixel P by the plural gate lines
GL. The high level voltage VDD has a higher level than the
low level voltage VSS. The low level voltage VSS may be a
ground voltage. The initialization voltage Vinit has a lower
level than a threshold voltage of the OLED of each pixel P.

[0041] The data driver 6 converts digital image data RGB
input from the timing controller 8 into a data voltage Vdata in
accordance with a plurality of data control signals DCS sup-
plied form the timing controller 8, using a reference gamma
voltage. The data driver 6 supplies the converted data voltage
Vdatato the plural data lines DL. The data driver 6 outputs the
data voltage Vdata only in a programming period t3 (FIG. 2)
of each pixel P. In a period other than the programming
period, the data driver 6 outputs a reference voltage Vrefto the
plural data lines DL.

[0042] Thetiming controller 8 arranges the externally input
image data RGB, to match the size and resolution of the
display panel 2, and then supplies the arranged 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, using synchronization signals input from out-
side of the display device, for example, a dot clock DCLK, a
data enable signal DE, a horizontal synchronization signal
Hsyne, and a vertical synchronization signal Vsync. The tim-
ing controller 8 supplies the generated gate control signals
GCS and data control signals DCS to the gate driver 4 and
data driver 6, respectively, for control of the gate driver 4 and
data driver 6.

[0043] Hereinafter, each pixel P of the present invention
will be described in detail.

[0044] FIG. 2 is a driving waveform diagram of each pixel
Pillustrated 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 embodiments of the present
invention, respectively.

[0045] Referring to FIG. 2, each pixel P of the present
invention operates in a plurality of periods divided in accor-
dance with a plurality of gate signals supplied to the pixel P,
that is, an initialization period tl, a sampling period t2, a
programming period t3, and an emission period t4.

[0046] In the initialization period t1, the first and second
scan signals SCAN1 and SCAN2 are output at a high level,
and the emission signal EM is output at a low level. In the
sampling period t2, the first scan signal SCAN1 and emission
signal EM are output at a high level, and the second scan
signal SCAN2 is output at a low level. In the programming
period 3, the first scan signal SCANT is output at a high level,
and the second scan signal SCAN2 and emission signal EM
are output at a low level. In the emission period t4, the emis-
sion signal EM is output at a high level, and the first and
second scan signals SCAN1 and SCAN2 are output at a low
level. Meanwhile, the data diver 6 supplies data voltage Vdata
to the plural data lines DL in sync with the programming
period t3 of each pixel P. In periods other than the program-
ming period 3 of each pixel P, the data driver 6 supplies a
reference voltage Vref to the plural data lines DL.

[0047] Referring to FIG. 3, each pixel P includes one
OLED, and one pixel driving circuit including four TFTs and
two capacitors, to drive the OLED. In detail, the pixel driving
circuit includes one driving TFT DT, and first to third TFTs
T1 to T3, and first and second capacitors C1 and C2.

[0048] Thedriving TFT DT is connected in series between
the VDD supply line and the VSS supply line, together with
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the OLED. In the emission period 4, the driving TFT DT
supplies drive current to the OLED.

[0049] The first TFT T1 is turned on or off in accordance
with the first scan signal SCAN1. When the first TFT T1 is
turned on, the data line DL is connected to a first node N1
connected to 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. In the programming period 3, the
driving TFT DT supplies, to the first node N1, data voltage
Vdata supplied from the data line DL.

[0050] Thesecond TFT T2 is turned on or off in accordance
with the second scan signal SCAN2. When the second TFT
T2 is turned on, the initialization voltage Vinit is connected to
a second node N2 connected to a source of the driving TFT
DT. The second TFT T2 supplies, to the second node N2, the
initialization voltage Vinit supplied from the Vinit supply line
in the initialization period t1.

[0051] The third TFT T3 is turned on or off in accordance
with the emission signal EM. When the third TFT T3 is turned
on, the high level voltage VDD is supplied to a drain of the
driving TFT DT. In the sampling period t2 and emission
period t4, the third TFT T32 supplies, to the drain of the
driving TFT DT, a high level voltage VDD supplied from the
VDD supply line.

[0052] The first capacitor C1 is connected between the first
node N1and the second node N2. The first capacitor C1 stores
the threshold voltage Vth of the driving TFT DT in the sam-
pling period t2.

[0053] The second capacitor C2 is connected between the
Vinit supply line and the second node N2. The second capaci-
tor C2 is connected to the first capacitor C1 in series and, as
such, relatively reduces the capacity ratio of the first capacitor
C1. Thus, the second capacitor C2 functions to enhance the
luminance ofthe OLED versus 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
connected between the VDD supply line and the second node
N2. Alternatively, the second capacitor C2 may be connected
between the VSS supply line and the second node N2, as
illustrated in FIG. 4B.

[0054] Hereinafter, a method for driving each pixel P in
accordance with an exemplary embodiment of the present
invention will be described with reference to FIGS. 2 and 3.
[0055] First, in the initialization period tl, the first and
second TFTs T1 and T2 are turned on. Then, the reference
voltage Vref is supplied to the first node N1 via the first TEFT
T1.The initial voltage Vinit is supplied to the second node N2.
As a result, the pixel P is initialized.

[0056] 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. Meanwhile, in the driving
TFT DT, current flows toward the source in a state in which
the drain is floated by the high level voltage VDD. When the
source voltage of the driving TFT DT is equal to “Vref-Vth”,
the driving TFT DT is turned off. Here, “Vth” represents the
threshold voltage of the driving TFT DT.

[0057] Thereafter, in the programming period t3, the first
TFT T1 is turned on. Then, the data voltage Vdata is supplied
to the first node N1 via the first TFT T1.

[0058] As a result, the voltage of the second node N2 is
varied to “Vref-Vth+C' (Vdata-Vref)” due to a coupling
phenomenon thereof caused by voltage distribution accord-
ing to in-series connection of the first and second capacitors
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C1 and C2. Here, “C™ represents “C1/(C1+C2+Coled)”.
“Coled” represents the capacitance of the OLED. In accor-
dance with the present invention, the capacity ratio of the first
capacitor C1 is relatively reduced in accordance with provi-
sion of the second capacitor C2 connected to the first capaci-
tor C1 in series. Accordingly. it is possible to enhance the
luminance ofthe OLED versus the data voltage Vdata applied
to the first node N1 in the programming period t3.

[0059] Subsequently. in the emission period t4, the third
TFT T3 is turned on. Then the high level voltage VDD is
applied to the drain of the driving TFT DT via the third TFT
T3. As aresult, the driving TFT DT supplies drive current. In
this case, the drive current supplied from the driving TFT DT
to the OLED is expressed by an expression “V2xK (Vdata-
Vref-C'(Vdata-Vref))>. “K” represents a constant deter-
mined in accordance with a mobility of the driving TFT DT
and a parasitic capacity of the driving TFT DT. 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 level voltage VDD. Accord-
ingly, it is possible to reduce luminance deviation of the pixels
P through compensation for characteristic differences of driv-
ing TFTs DT and compensation for voltage drop of the high
level voltage VDD. Meanwhile, in accordance with the
present invention, it may be possible to compensate for
mobility deviation of the driving TFTs DT by adjusting an
ascending time of the emission signal EM transitioning from
alow state to a high state at a start point of the emission period
4.

[0060] FIG. 5 is a circuit diagram illustrating a configura-
tion of an OLED display device according to another embodi-
ment of the present invention. FIG. 6 is a driving waveform
diagram of the OLED display device illustrated in FIG. 5.
[0061] The OLED display device illustrated in FIG. 5 is
basically identical to that of FIG. 3 in terms of the configu-
ration and driving method of pixels P. However, the OLED
display device of FIG. 5 may reduce the number of channels
Ch of the data driver 6 while securing an increased initializa-
tion period t1 and an increased sampling period t2 in accor-
dance with application of 1:2 multiplexing (MUX) driving of
the data voltage Vdata and, as such, may achieve a further
enhancement in the ability to compensate for characteristic
differences of driving TFTs and voltage drop ofthe high-level
voltage (VDD).

[0062] In detail, the OLED display device illustrated in
FIG. 5 includes a first switch SW1 for performing switching
between an output channel Ch of the data driver 6 and a first
data line DLk in response to a first switching signal SS1, and
a second switch SW2 for performing switching between the
output channel Ch of the data driver 6 and a second data line
DLk+1 inresponse to a second switching signal SS2. The first
and second data lines DLk and DLk+1 may be odd and
even-numbered data lines, respectively, or vice versa. The
first and second switches SW1 and SW2 may be formed in a
peripheral non-display area of the display panel 2. Of course,
the firstand second switches SW1 and SW2 may be internally
equipped in the data driver 6.

[0063] Hereinafter, a method for driving the above-de-
scribed OLED display device will be described with refer-
ence to FIGS. 5 and 6.

[0064] The first and second switching signals SS1 and SS2
are initially output at a high level, and are subsequently output
at a low level in a sequential member in sync with the pro-
gramming period t3 of the pixels P1 of each pixel column In
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detail, the first switching signal SS1 is output at a high level in
sync with the programming period t3 of the pixels P1 of the
pixel column connected to the first data line DLk, whereas the
second switching signal SS2 is output at a low level in sync
with this period. Subsequently, the first switching signal SS1
is output at a low level in sync with the programming period
13 of the pixels P2 of the pixel column connected to the second
data line DLk+1, whereas the second switching signal SS2 is
output at a high level in sync with this period. Thus, in the
programming period t3, the pixels P1 of the pixel column
connected to the first data line DLk and the pixels P2 of the
pixel column connected to the second data line DLk+1
receive the data voltage Vdata in a sequential manner.
[0065] Meanwhile, the pixels P of each pixel column have
an initialization period T1, a sampling period t2, and a pro-
gramming period t3 within two horizontal periods 2H. That
is, the pixels P of each pixel column have an initialization
period t1 within a first horizontal period corresponding to a
second horizontal period of the pixels P of the previous pixel
column in which the sampling period 12 and programming
period 3 are present (in more detail, corresponding to the
sampling period t2 of the pixels P of the previous column). In
addition, the pixels P of each pixel column have a sampling
period t2 and a programming period t3 within a second hori-
zontal period subsequent to the first horizontal period.
[0066] The above-described OLED display device may
reduce the number of channels Ch of the data driver 6 while
increasing the initialization period t1 and sampling period 2
of each pixel P in accordance with application of 1:2 multi-
plexing (MUX) driving of the data voltage Vdata. Accord-
ingly, it may be possible to achieve a further enhancement in
the ability to compensate for characteristic differences of
driving TFTs and voltage drop of the high-level voltage
(VDD).

[0067] As apparent from the above description, in accor-
dance with the present invention, it may be possible to reduce
luminance deviation among pixels through compensation for
characteristic differences of driving thin film transistors
(TFTs) and compensation for voltage drop of a high-level
voltage (VDD), thereby achieving an enhancement in picture
quality.

[0068] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic light emitting diode display device compris-

ing:

a plurality of pixels each comprising a light emitting ele-
ment, and a pixel driving circuit for driving the light
emitting element,

wherein the pixel driving circuit comprises:
adriving switching element connected in series between

a high-level voltage supply line and a low-level volt-
age supply line, together with the light emitting ele-
ment,

a first switching element for connecting a data line and a
first node connected to a gate of the driving switching
element in response to a first scan signal,

a second switching element for connecting an initializa-
tion voltage supply line and a second node connected
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to a source of the driving switching element in
response to a second scan signal,

a third switching element for connecting the high-level
voltage supply line and a drain of the driving switch-
ing element in response to an emission signal, and

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

wherein the pixel driving circuit operates in a period
divided into an initialization period in which the pixel
driving circuit turns on the first and second switching
elements, to initialize the first and second nodes, a sam-
pling period in which the pixel driving circuit turns on
the first and third switching elements, to sense a thresh-
old voltage of the driving switching element, a program-
ming period in which the pixel driving circuit turns on
the first switching element, to write a data voltage into
the pixel, and an emission period in which the pixel
driving circuit turns on the third switching element, to
cause the driving switching element to supply drive cur-
rent to the light emitting element.

2. The organic light emitting diode display device accord-
ing to claim 1, wherein, in the initialization period, the first
switching element supplies a reference voltage supplied from
the data line to the first node, and the second switching ele-
ment supplies an initialization voltage supplied from the ini-
tialization voltage supply line to the second node.

3. The organic light emitting diode display device accord-
ing to claim 1, wherein, in the sampling period, the first
switching element supplies a reference voltage supplied from
the data line to the first node, and the third switching element
supplies a high-level voltage supplied from the high-level
voltage supply line to the drain of the driving switching ele-
ment.

4. The organic light emitting diode display device accord-
ing to claim 1, wherein, in the programming period, the first
switching element supplies the data voltage supplied from the
data line to the first node.

5. The organic light emitting diode display device accord-
ing to claim 1, wherein, in the emission period, the third
switching element supplies a high-level voltage supplied
from the high-level voltage supply line to the drain of the
driving switching element.

6. The organic light emitting diode display device accord-
ing to claim 1, further comprising:

a second capacitor connected in series to the first capacitor,
the second capacitor relatively reducing a capacity ratio
of the first capacitor, thereby enhancing a luminance of
the light emitting element versus the data voltage
applied to the pixel,

wherein the second capacitor is connected between the
second node and the high-level voltage supply line,
between the second node and the low-level voltage sup-
ply line, or between the second node and the initializa-
tion voltage supply line.

7. The light emitting diode display device according to

claim 1, further comprising;

a first switch for performing switching between an output
channel of a data driver and a first data line; and

a second switch for performing switching between the
output channel of the data driver and a second data line,

wherein the first and second switches are turned on in a
sequential manner when one of the pixels, which is
connected to the first data line, operates in the program-
ming period thereof, and another one of the pixels,
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which is connected to the second data line, operates in
the programming period thereof, respectively, thereby
supplying a data voltage supplied from the output chan-
nel of the data driver to the first and second data lines in
a sequential manner.

8. The light emitting diode display device according to
claim 7, wherein:

the pixels operate on a per column basis, and each opera-
tion period of the pixels is divided into a first horizontal
period and a second horizontal period subsequent to the
first horizontal period;

each of the pixels in a current pixel column has the initial-
ization period in the first horizontal period thereof, the
initialization period of the pixel in the current pixel
column corresponding to the sampling period of each of
the pixels in a previous pixel column; and

each of the pixels in the current pixel column has the
sampling period and the programming period in the
second horizontal period thereof.

9. A method for driving an organic light emitting diode
display device including a plurality of pixels each comprising
alight emitting element, and a pixel driving circuit for driving
the light emitting element, the pixel driving circuit including
a driving switching element connected in series between a
high-level voltage supply line and a low-level voltage supply
line, together with the light emitting element, a first switching
element for connecting a data line and a first node connected
to a gate of the driving switching element in response to a first
scan signal, a second switching element for connecting an
initialization voltage supply line and a second node con-
nected to a source of the driving switching element in
response to a second scan signal, a third switching element for
connecting the high-level voltage supply line and a drain of
the driving switching element in response to an emission
signal, and a first capacitor connected between the first node
and the second node, the method comprising:

an initialization step of turning on the first and second
switching elements, to initialize the first and second
nodes;

a sampling step of turning on the first and third switching
elements, to sense a threshold voltage of the driving
switching element;

a programming step of turning on the first switching ele-
ment, to write a data voltage into the pixel; and

an emission step of turning on the third switching element,
to cause the driving switching element to supply drive
current to the light emitting element.

10. The method according to claim 9, wherein the initial-

ization step comprises:

turning on the first switching element, to supply areference
voltage supplied from the data line to the first node; and

turning on the second switching element, to supply an
initialization voltage supplied from the initialization
voltage supply line to the second node.

11. The method according to claim 10, wherein the sam-

pling step comprises:

turning on the first switching element, to supply the refer-
ence voltage supplied from the data line to the first node;
and

turning on the third switching element, to supply a high-
level voltage supplied from the high-level voltage sup-
ply line to the drain of the driving switching element,

whereby a source voltage of the driving switching element
is varied to “Vref-Vth”, where “Vref” represents the
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reference voltage, and “Vth” represents the threshold
voltage of the driving switching element.

12. The method according to claim 11, wherein the pro-
gramming step comprises:

turning on the first switching element, to supply the data

voltage supplied from the data line to the first node; and

relatively reducing a capacity ratio of the first capacitor by
a second capacitor connected between the second node
and the high-level voltage supply line, between the sec-
ond node and the low-level voltage supply line, or
between the second node and the initialization voltage
supply line,

whereby a source voltage of the driving switching element
is varied to “Vref-Vth+C'(Vdata-Vref)”, where
“Vdata” represents the data voltage, “C™ represents
“C1/(C1+C2+Coled)”, “C1” represents a capacitance of
the first capacitor, “C2” represents a capacitance of the
second capacitor, and “Coled” represents a capacitance
of the light emitting element.

13. The method according to claim 12, wherein the emis-
sion step comprises:

turning on the third switching element, to supply the high-
level voltage supplied from the high-level voltage sup-
ply line to the drain of the driving switching element,

whereby the drive current supplied from the driving
switching element to the light emitting element corre-
sponds to “VaxK  (Vdata-Vref-C'(Vdata-Vref))*”,
where “K” represents a constant determined in accor-
dance with a mobility of the driving switching element
and a parasitic capacity of the driving switching ele-
ment.

14. The method according to claim 9, wherein:

the light emitting diode display device further includes a
first switch for performing switching between an output
channel of a data driver and a first data line, and a second
switch for performing switching between the output
channel of the data driver and a second data line; and

the method further comprises turning on the first and sec-
ond switches in a sequential manner when one of the
pixels, which is connected to the first data line, operates
in the programming period thereof, and another one of
the pixels, which is connected to the second data line,
operates in the programming period thereof, respec-
tively, thereby supplying a data voltage supplied from an
output channel of a data driver to the first and second
data lines in a sequential manner.

15. The method according to claim 14, wherein:

the pixels operate on a per column basis, and each opera-
tion period of the pixels is divided into a first horizontal
period and a second horizontal period subsequent to the
first horizontal period;

each of the pixels in a current pixel column executes the
initialization step in the first horizontal period thereof
during execution of the sampling step of each of the
pixels in a previous pixel column; and

each of the pixels in the current pixel column executes the
sampling step and the programming step in the second
horizontal period thereof.

I S S T
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