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(57) ABSTRACT

An organic light-emitting diode (OLED) display device can
include a plurality of gate lines and a plurality of data lines
crossing each other to define a plurality of pixels; and an
OLED and a pixel driving circuit for independently driving
the OLED in each pixel, in which the pixel driving circuit
includes a switching thin film transistor (TFT) and a driving
TFT, a gate electrode of the switching TFT is connected to
one of the plurality of gate lines, a first electrode of the
switching TFT is connected to one of the plurality of data
lines, a second electrode of the switching TFT is directly
connected to a gate electrode of the driving TFT, a first
electrode of the driving TFT is directly connected to the one
of the plurality of gate lines, a second electrode of the
driving TFT is connected to an anode of the OLED, and a
cathode of the OLED is connected to a low-potential power
line, and the one of the plurality of gate lines applies a scan
power signal including a scan pulse corresponding to a gate
on voltage for the switching TFT and a power voltage
corresponding to a gate off voltage for the switching TFT.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This Application is a Continuation of co-pending
U.S. patent application Ser. No. 14/861,928 filed on Sep. 22,
2015, which claims the priority benefit under 35 U.S.C. §
119(a) to Korean Patent Application No. 10-2014-0126856
filed in the Republic of Korea on Sep. 23, 2014, all of which
are hereby expressly incorporated by reference into the
present application.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an organic light-
emitting diode (OLED) display device and, more particu-
larly, to an OLED display device for providing a signal to
control a transistor and a power voltage to drive an OLED
by using one signal line.

Discussion of the Related Art

[0003] An organic light-emitting diode (OLED) display
device is a self-emissive device for emitting light from an
organic emission layer using recombination of electrons and
holes and is regarded as a next-generation display device
due to a high brightness level, a low driving voltage, and an
ultra-thin size thereof.

[0004] Each of a plurality of pixels included in the OLED
display device includes an OLED including an organic
emission layer between an anode and a cathode and a pixel
driving circuit for independently driving the OLED. The
pixel driving circuit largely includes a switching thin film
transistor (TFT), a capacitor, and a driving TFT. The switch-
ing TFT charges a voltage corresponding to a data voltage in
the capacitor in response to a scan pulse (or gate pulse), and
the driving TFT controls the amount of light emitted from
the OLED, by controlling the amount of current applied to
the OLED depending on the magnitude of the voltage
charged in the capacitor. The amount of light emitted from
the OLED is proportional to the current applied from the
driving TFT.

[0005] However, the OLED display device according to a
related art has various problems because a plurality of signal
lines are provided on a display panel and thus spaces for
OLED:s and pixel driving circuits are restricted. Specifically,
various signal lines such as data lines, reference lines, power
lines, and gate lines are provided on the display panel to
cross one another, and regions for the OLEDs and pixel
driving circuits are defined at locations where the signal
lines cross one another.

[0006] Since a plurality of signal lines are provided on a
display panel and thus spaces for OLEDs and pixel driving
circuits are restricted, the OLED display device according to
the related art has problems such as a reduction in aperture
ratio, and a reduction in brightness level due to the reduction
in aperture ratio.

[0007] Also, since a large amount of current is applied to
increase the brightness and to compensate for the small
aperture ratio, large power consumption or rapid deteriora-
tion of the OLEDs is caused.
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[0008] 1In addition, the OLEDs may not be provided in a
necessary size due to the lack of space, a sufficient amount
of current may not be applied to the OLEDs due to the
restriction in size, and thus a desired brightness level may
not be achieved.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to an
organic light-emitting diode (OLED) display device that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

[0010] An object of the present invention is to provide an
OLED display device for providing a signal to control a
transistor and a power voltage to drive an OLED by using
one signal line.

[0011] 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 out
in the written description and claims hereof as well as the
appended drawings.

[0012] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, an organic light-emitting
diode (OLED) display device display device according to an
embodiment of the present invention applies a scan power
signal including a scan pulse for turning on a switching thin
film transistor (TFT) and a power voltage for allowing an
OLED to emit light, to a gate line. If the scan pulse is input,
the switching TFT charges a data voltage in a storage
capacitor. If a driving TFT is turned on due to the data
voltage charged in the capacitor, the driving TFT provides
the power voltage of the scan power signal to the OLED to
allow the OLED to emit light.

[0013] It is to be understood 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

[0014] 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,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0015] FIG. 1 is a schematic diagram of a pixel driving
circuit according to a first embodiment of the present
invention;

[0016] FIG. 2 is an equivalent circuit diagram of two
representative pixels of FIG. 1;

[0017] FIG. 3 shows waveforms for driving the OLED
display device according to the first embodiment;

[0018] FIG. 4 is a circuit diagram of an OLED display
device according to a second embodiment of the present
invention;

[0019] FIG. 5 shows waveforms of driving signals for
driving the OLED display device of FIG. 4 according to the
second embodiment;
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[0020] FIG. 6 is a circuit diagram of an OLED display
device according to a third embodiment of the present
invention; and

[0021] FIG. 7 shows waveforms of driving signals for
driving the OLED display device of FIG. 6.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0022] Hereinafter, the present invention will be described
in detail by explaining embodiments of the invention with
reference to the attached drawings. Like reference numerals
in the drawings denote like elements. In the following
description of the present invention, a detailed description of
known functions and configurations incorporated herein will
be omitted when it may make the subject matter of the
present invention unclear. It will be easily understood by one
of ordinary skill in the art that some elements of the
drawings are exaggerated, reduced, or schematically illus-
trated for convenience of description and are not always
illustrated with appropriate ratios thereof.

[0023] FIG. 1 is a schematic diagram of a pixel driving
circuit in an OLED display device according to a first
embodiment of the present invention, and FIG. 2 is an
equivalent circuit diagram of two representative pixels of
FIG. 1. The OLED display device in this and other embodi-
ments are operatively coupled and configured.

[0024] Referring to FIG. 1, an organic light-emitting diode
(OLED) display device is configured to include data lines
DL (DL1 to DLn where n is a natural number) provided
along a first direction of a display panel 10, gate lines GL
(GL1 to GLm where m is a natural number) provided in a
vertical direction to the data lines DL, and pixels P in pixel
regions defined at locations where the gate lines GL and the
data lines DL cross each other. Each of the pixels includes
an OLED and a pixel driving circuit for independently
driving the corresponding OLED.

[0025] The OLED display device according to the first
embodiment of the present invention uses the gate lines GL
as high-potential power lines or low-potential power lines
configured to drive OLEDs, and thus additional power lines
are not necessary. Specifically, according to the first embodi-
ment, the high-potential power lines are omitted and the
pixel driving circuits are used therefor. That is, according to
the general technology, a high-potential power line is pro-
vided at each pixel region. However, according to the
present invention, only the data lines DL and the gate lines
GL are provided between the pixels P. In addition, according
to the first embodiment, low-potential power lines (not
illustrated in FIG. 1) are connected to cathodes of the
OLED:s, but high-potential power lines are not necessary.
[0026] The above-described OLED display device accord-
ing to this embodiment is configured to further include a
display panel 10, a data driver 20, a scan driver (or gate
driver) 30, and a timing controller 40, and to further include
a gamma voltage generator (not shown) and a data processor
(not shown).

[0027] The timing controller 40 generates and outputs a
data control signal DCS and a gate control signal GCS for
driving timings of the data driver 20 and the scan driver 30,
respectively. Here, the data processor may apply a prede-
termined compensation value to data input from the outside,
and output the compensated input data to the timing con-
troller 40. In addition, the timing controller 40 may deter-
mine a peak brightness level based on an average picture
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level (APL) of the input data and provide the same to the
gamma voltage generator, and the gamma voltage generator
may generate a gamma voltage set including a plurality of
gamma voltages having different levels and provide the
same to the data driver 20.

[0028] The data driver 20 converts digital data received
from the timing controller 40 into analog data voltages and
provides the same to the data lines DL of the display panel
10 in response to the data control signal DCS received from
the timing controller 40. In this case, a data provider of the
data driver 20 subdivides the gamma voltage set received
from the gamma voltage generator into gradation voltages
individually corresponding to gradation values of data, and
then converts the digital data into the analog data voltages
using the subdivided gradation voltages. The data driver 20
provides the converted analog data voltages to pixels
selected by a scan pulse.

[0029] The scan driver 30 sequentially drives the gate
lines GL of the display panel 10 in response to the gate
control signal GCS received from the timing controller 40.
The scan driver 30 provides a scan power signal to each gate
line GL in response to the gate control signal GCS. Specifi-
cally, the scan driver 30 provides a scan pulse corresponding
to a gate on voltage in a gate period of each gate line GL,
and provides a high-potential power voltage for driving the
OLED as a gate off voltage to the gate lines GL in the other
period. As such, each gate line GL provides the scan pulse
corresponding to the gate on voltage for controlling driving
of a switching thin film transistor (TFT) of the pixel driving
circuit in a horizontal cycle for selecting a pixel to receive
data input, i.e., a selection period (Sel), and provides the
power voltage to the gate lines GL as the gate off voltage in
a non-selection period (or emitting period) E1.

[0030] The display panel 10 includes the plurality of
pixels P. Each pixel P may be a red (R), green (G), or blue
(B) pixel or a red (R), green (G), blue (B), or white (W)
pixel. However, the colors of the pixels are not limited
thereto and are variable. The pixels P are selected due to scan
power signals sequentially provided from the scan driver 30
on a line basis as described above, and are charged with
analog data voltages Vdata provided from the data driver 20
in the selection period to emit light in an emission period.
Specifically, each pixel is selected due to a scan pulse of the
scan power signal provided from the scan driver 30 in the
selection period Sel, is charged with the data voltage Vdata,
and provides the power voltage corresponding to the gate off
voltage of the scan power signal, which is provided in the
emitting period E1, to an OLED due to the charged data
voltage, thereby emitting light.

[0031] To this end, each pixel is configured to include a
pixel driving circuit C and an OLED as illustrated in FIG. 2,
and each pixel driving circuit C is configured to include a
driving TFT DT, a switching TFT SW1, and a storage
capacitor Cst.

[0032] Each switching TFT SW1 includes a gate electrode
connected to the corresponding gate line GL, a first electrode
connected to the corresponding data line DL, and a second
electrode connected to a first node nl. If a scan pulse of a
scan power signal is applied to the gate line GL in the
selection period, the switching TFT SW1 is turned on due to
a gate on voltage of the scan pulse and charges the data
voltage Vdata provided through the data line DL in the first
node n1. A detailed description of the switching TFT driving
method will be given below with reference to FIG. 3.
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Particularly, the switching TFT SW1 is configured as a TFT
which is turned off due to a gate off voltage included in the
scan power signal. Specifically, the switching TFT SW1 may
be configured as a P-type transistor or N-type transistor. For
example, by configuring the switching TFT SW1 as a P-type
TFT, a negative voltage may be used as the gate on voltage
and a positive first voltage VDD for driving the OLED may
also be used as the gate off voltage.

[0033] The storage capacitor Cst includes a first electrode
connected to a gate electrode of the driving TFT DT
corresponding to the first node nl, and a second electrode
connected to a first electrode of the OLED corresponding to
a second node n2. The first embodiment will be described on
the assumption that the first electrode of the OLED is an
anode electrode. However, another example is possible. The
storage capacitor Cst is charged with the data voltage Vdata
provided by the switching TFT SW1 in the selection period,
and provides the same as a driving voltage Vgs of the
driving TFT DT in the non-selection period corresponding to
the emission period.

[0034] The driving TFT DT includes a gate electrode
connected to the first node n1, a first electrode connected to
the second node n2, and a second electrode connected to the
gate line GL. In this case, the gate line GL connected to the
second electrode of the driving TFT DT may be different
from the gate line GL connected to the gate electrode of the
switching TFT SW1 included in the same pixel driving
circuit. However, the present invention is not limited thereto
and the first embodiment will be described on the assump-
tion that the second electrode of the driving TFT DT and the
gate electrode of the switching TFT SW1 are connected to
the same gate line. In addition, the first electrode and the
second electrode of the driving TFT DT serve as a source
electrode and a drain electrode depending on a current
direction. The driving TFT DT provides a current propor-
tional to the driving voltage Vgs provided from the storage
capacitor Cst, through the second node n2 to the OLED to
allow the OLED to emit light in the non-selection period
corresponding to the emission period. To this end, the
driving TFT DT is turned on, receives the gate off voltage
provided through the gate line GL, and provides the current
to the OLED in the emission period.

[0035] The OLED is connected in series with the driving
TFT DT between the gate line GL and a second power line
VSS. The OLED includes an anode, e.g., a first electrode,
connected to the driving TFT DT, a cathode connected to the
second power line VSS, and an emission layer provided
between the anode and the cathode. The emission layer
includes an electron injection layer, an electron transport
layer, an organic emission layer, a hole transport layer, and
a hole injection layer, which are sequentially stacked on one
another between the cathode and the anode. In the OLED, if
a positive bias is applied between the anode and the cathode,
electrons are provided from the cathode through the electron
injection layer and the electron transport layer to the organic
emission layer, and holes are provided from the anode
through the hole injection layer and the hole transport layer
to the organic emission layer. As such, due to recombination
of the provided electrons and holes in the organic emission
layer, a fluorescent or phosphor material emits light propor-
tional to the amount of current.

[0036] As described above, the OLED display device
according to the first embodiment of the present invention
provides a high-potential power voltage for driving OLEDs
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through gate lines. As such, by providing a power voltage
through the gate lines without configuring additional power
lines, a space for the power lines may be utilized for another
purpose.

[0037] Particularly, in the above-described OLED display
device according to the first embodiment, to allow the
high-potential power voltage to be provided through the gate
lines, the high-potential power voltage provides different
negative voltages as a scan pulse, and a P-type TFT which
1s turned on due to the scan pulse is used as a switching TFT.
Although a P-type TFT is used as the switching TFT
according to the first embodiment, an N-type TFT may be
used to configure the switching TFT, the scan pulse may be
provided as a positive voltage, a gate off voltage and a data
voltage may be provided as negative voltages, and the
driving TFT DT may be configured using a P-type TFT.
However, in this configuration, conventional signals need to
be converted to opposite polarities and the positions of the
anode and cathode of the OLED need to be changed.
[0038] FIG. 3 shows waveforms for driving the OLED
display device according to the first embodiment.

[0039] Referring to FIG. 3, the OLED display device
according to the first embodiment of the present invention
provides the scan power signal through the gate line GL, and
thus controls on/off state of the switching TFT SW1 and
provides a power voltage for driving the OLED at the same
time.

[0040] To this end, as illustrated in FIG. 3, the scan power
signal includes a scan pulse SP corresponding to a gate on
voltage V1 of the first switching TFT SW1, and a gate off
voltage V2 corresponding to a driving power voltage. The
scan pulse SP is shifted every horizontal cycle 1H and
applied sequentially to the gate lines GL, and the gate off
voltage V2 is applied to each gate line GL in a period in
which the scan pulse SP is not applied.

[0041] Specifically, the scan pulse SP and the gate off
voltage V2 are applied to each gate line GL in the selection
period and the emission period, respectively. The selection
period is given as a time period equal to or shorter than the
horizontal cycle 1H, and the scan driver 30 provides the scan
pulse SP to the gate line GL in the selection period. The
OLED display device emits light in the emission period
subsequent to a frame of the selection period.

[0042] A description is now given of operation of the pixel
P of FIG. 2 due to the scan power signal applied to the first
gate line GL1. The gate off voltage V2 corresponding to a
positive voltage is provided to the first gate line GL1 in
period 1). As such, the first switching TFT SW1 configured
as a P-type TFT is maintained in off state due to the gate off
voltage V2 corresponding to a positive voltage.

[0043] 1In period 2) corresponding to the selection period,
the scan pulse SP corresponding to the negative gate on
voltage V1 is applied to the first gate line GL1, and the first
switching TFT SW1 is turned on due to the scan pulse SP.
In this case, if a first data voltage D1 is provided through the
data line DL, the first data voltage D1 is provided to the first
node nl by the turned-on first switching TFT SW1 and thus
is charged in the storage capacitor Cst.

[0044] In period 3) corresponding to the emission period,
the positive gate off voltage V2 is provided to the first gate
line GL1 again and the first switching TFT SW1 is turned
off. The driving TFT DT is turned on due to the first data
voltage D1 charged in the storage capacitor Cst. As the
driving TFT DT is turned on, the first gate line GL1 serves
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as a conventional first power line due to the gate off voltage
V2 provided through the first gate line GL1 and the driving
TFT DT provides a current required to drive the OLED, to
the OLED.

[0045] FIG. 4 is a circuit diagram of an OLED display
device according to a second embodiment of the present
invention. FIG. 5 shows waveforms of driving signals for
driving the OLED display device of FIG. 4 according to the
second embodiment.

[0046] Referring to FIG. 4, compared to the above-de-
scribed first embodiment, the OLED display device accord-
ing to the second embodiment of the present invention
further includes a reference line Ref for detecting and
compensating a threshold voltage Vth of the driving TFT
DT, a second switching TFT SW2 connected to the reference
line Ref, and a second gate line 2GL for controlling on/off
state of the second switching TFT SW2 and providing a
power voltage for driving an OLED to emit light. Here,
although a scan pulse SP and a power voltage may be
provided through a first gate line 1GL connected to a gate
electrode of the first switching TFT SWI1, the second
embodiment will be described on the assumption that the
scan pulse and the power voltage are provided to the second
gate line 2GL.

[0047] The OLED display device according to the second
embodiment of the present invention is configured to include
the OLED and a pixel driving circuit C, and the pixel driving
circuit C is configured to include the driving TFT DT, the
first switching TFT SW1, the second switching TFT SW2,
and the storage capacitor Cst. The display panel 10 includes
the data line DL, the first gate line 1GL, the second gate line
2GL, and the reference line Ref. As illustrated in FIG. 4, the
first gate line 1GL and the second gate line 2GL may be
provided in parallel to each other by disposing a pixel
therebetween, and the data line DL and the reference line
Ref may be provided in parallel to each other. In addition to
the illustrated form, the location and arrangement of the
lines may be changed in various ways. The following
description is focused on new or different features compared
to the above-described first embodiment.

[0048] The first switching TFT SW1 includes a gate
electrode connected to the first gate line 1GL, a first elec-
trode connected to the data line DL, and a second electrode
connected to the first node nl. The first switching TFT SW1
is turned on or off due to a scan signal provided through the
first gate line 1GL and provides a data voltage Vdata
provided through the data line DL, to the first node nl.
[0049] The second switching TFT SW2 includes a gate
electrode connected to the second gate line 2GL, a first
electrode connected to the reference line Ref, and a second
electrode connected to the second node n2. The second
switching TFT SW2 receives a scan power signal SPO
provided through the second gate line 2GL and provides a
reference voltage Vref received from the reference line Ref,
to the second node n2. Specifically, if a scan pulse of the
scan power signal is applied to the second gate line 2GL, the
second switching TFT SW2 is turned on due to a gate on
voltage of the scan pulse and provides the reference voltage
Vref received through the reference line Ref, to the second
node n2 to initialize the second node n2. Here, the scan
power signal provided to the second gate line 2GL includes
the gate on voltage corresponding to a negative (=) voltage,
and the first power voltage corresponding to a positive (+)
gate off voltage. The second switching TFT SW2 is config-
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ured as a P-type transistor turned on due to the gate on
voltage of the scan power signal. That is, a negative voltage
may be used as the gate on voltage by configuring the second
switching TFT SW2 as a P-type TFT, and the positive
voltage VDD for driving the OLED may also be used as the
gate off voltage. As such, a scan pulse for driving the second
switching TFT SW2 and a power voltage may be simulta-
neously provided through the second gate line 2GL.
[0050] The storage capacitor Cst includes a first electrode
connected to a gate electrode of the driving TFT DT
corresponding to the first node nl, and a second electrode
connected to the second node n2. After the second electrode
of the storage capacitor Cst connected to the second node n2
1s initialized due to the reference voltage Vref provided from
the second switching TFT SW2, the storage capacitor Cst
receives the data voltage Vdata from the first switching TFT
SWI1 and is charged with a difference voltage between the
data voltage Vdata and the reference voltage Vref. The
storage capacitor Cst provides the charged difference volt-
age to the driving TFT DT as the driving voltage Vgs in the
emission period.

[0051] The driving TFT DT includes a gate electrode
connected to the first node n1, a first electrode connected to
the second node n2, and a second electrode connected to the
second gate line 2GL. The first electrode and the second
electrode of the driving TFT DT serve as a source electrode
and a drain electrode depending on a current direction. The
driving TFT DT is turned on due to the driving voltage Vgs
provided from the storage capacitor Cst and provides a
current for driving the OLED using the first power voltage
provided through the second gate line 2GL.

[0052] Referring to FIG. 5, unlike the above-described
first embodiment, the OLED display device according to the
second embodiment of the present invention is configured to
include a pair of the first and second gate lines 1GL and 2GL
configured as the gate line GL, and the first and second
switching TFTs SW1 and SW2 driven due to scan signals
provided through the first and second gate lines 1GL and
2GL, respectively. In particular, according to the second
embodiment, the scan power signal is provided through the
second gate line 2GL, and thus on/off state of the second
switching TFT SW2 is controlled and a power voltage for
driving the OLED is provided at the same time.

[0053] To this end, a scan power signal SPO, a scan signal
SC, and a data voltage Vdata provided to one pixel are
shown in FIG. 5. In addition, FIG. 5 also shows a charge
period of the storage capacitor Cst and on/off periods of the
driving TFT DT.

[0054] As illustrated in FIG. 5, the scan power signal SPO
includes the scan pulse SP corresponding to the gate on
voltage V1 of the second switching TFT SW2 and the gate
off voltage V2 corresponding to a driving power voltage.
The scan pulse SP is shifted every horizontal cycle 1H and
applied sequentially to the second gate lines 2GL, and the
gate off voltage V2 is applied to each second gate line 2GL
in a period in which the scan pulse SP is not applied.
[0055] Specifically, signals applied to the first and second
gate lines 1GL and 2GL may differ based on a non-emission
period and an emission period, and the emission period may
be divided into a selection period and the emission period.
[0056] In the non-emission period, as illustrated in FIG. 5,
the scan pulse SP of the gate on voltage V1 is applied to the
second gate line 2GL and thus the second switching TFT
SW2 is turned on, a reference voltage provided through the
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reference line Ref is provided to the second node n2 by the
turned-on second switching TFT SW2.

[0057] Meanwhile, in the non-emission period, the scan
signal SC of the gate on voltage V3 is also applied to the first
gate line 1GL. The first switching TFT SW1 is also turned
on due to the scan signal SC of the gate on voltage V3
applied to the first gate line 1GL, but only serves to stabilize
the voltage of the first node nl because a data voltage is not
applied.

[0058] In the selection period of the emission period, the
first power voltage corresponding to a gate off voltage V2 is
applied to the second gate line 2GL and thus the second
switching TFT SW2 is turned off, and the scan signal SC of
the gate on voltage is continuously applied to the first gate
line 1GL and thus the first switching TFT SW1 is maintained
in on state. In this case, the data voltage Vdata is applied
through the data line DL and charged in the storage capacitor
Cst through the first switching TFT SW1, and the OLED
starts to emit light.

[0059] In the emission period, the power voltage corre-
sponding to the gate off voltage V2 is continuously applied
to the second gate line 2GL, and a gate off voltage of the
scan signal SC is applied to the first gate line 1GL. In this
emission period, a difference voltage between the data
voltage Vdata charged in the storage capacitor Cst and the
reference voltage Vref is provided to the driving TFT DT to
turn on the driving TFT DT, and a current due to the power
voltage corresponding to a gate off voltage V2 is provided
to the OLED and thus the OLED emits light during the on
period of the driving TFT DT.

[0060] FIG. 6 is a circuit diagram of an OLED display
device according to a third embodiment of the present
invention. FIG. 7 shows waveforms of driving signals for
driving the OLED display device of FIG. 6.

[0061] Referring to FIG. 6, the OLED display device
according to the third embodiment of the present invention
is configured to include data lines DL, an initialization line
IN provided in parallel to the data lines DL, first and second
gate lines 1GL and 2GL provided to cross the data lines DL,
an emission control line EM provided in parallel to the first
and second gate lines 1GL and 2GL, and a pixel in a pixel
region defined at a location where the data lines DL and the
first and second gate lines 1GL and 2GL cross each other.
Each of pixels includes an OLED and a pixel driving circuit
for independently driving the OLED.

[0062] In the OLED display device according to the third
embodiment of the present invention, the second gate line
2GL is used to provide a scan power signal for driving
control of the second switching TFT SW2, and to provide
the power voltage for emission of an OLED.

[0063] The pixel of the OLED display device according to
the third embodiment of the present invention is configured
to include first to third switching TFTs SW1, SW2, and
SW3, a driving TFT DT, a storage capacitor Cst, and an
auxiliary capacitor Cc.

[0064] The first switching TFT SWI1 includes a gate
electrode connected to the first gate line 1GL, a first elec-
trode connected to the data line DL1, and a second electrode
connected to a first node nl. The first switching TFT SW1
is turned on due to a scan signal SC provided through the
first gate line 1GL and thus provides a data voltage received
through the data line DL1, to the first node n1.

[0065] The second switching TFT SW2 includes a gate
electrode connected to the second gate line 2GL, a first
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electrode connected to the initialization line IN, and a
second electrode connected to a second node n2. The second
switching TFT SW2 receives a scan power signal SPO
through the second gate line 2GL. and provides an initial-
ization voltage Vini received through the initialization line
IN, to the second node n2. Specifically, if a scan pulse SP of
the scan power signal SPO is provided to the second gate
line 2GL, the second switching TFT SW2 is turned on due
to a gate on voltage of the scan pulse SP and provides the
initialization voltage Vini received through initialization line
IN to the second node n2 to initialize the second node n2. To
this end, the second switching TFT SW2 is configured as a
P-type TFT which is turned on due to a negative gate on
voltage. Here, the scan power signal SPO provided to the
second gate line 2GL includes the gate on voltage corre-
sponding to a negative (-) voltage, a power voltage Vdd
corresponding to a positive (+) gate off voltage, and an off
voltage Voff. A detailed description of the scan power signal
SPO and driving using the same will be given below with
reference to FIG. 7. Here, the second switching TFT SW2
may be configured in such a manner that the initialization
line IN is shared by a pair of pixels as illustrated in FIG. 6.
However, the present invention is not limited thereto.

[0066] The third switching TFT SW3 includes a gate
electrode connected to the emission control line EM, a first
electrode connected to the second gate line 2GL, and a
second electrode connected to a first electrode of the driving
TFT DT. The third switching TFT SW3 is turned on or off
due to an emission control signal provided through the
emission control line EM and provides the first voltage Vdd
applied through the second gate line 2GL to the driving TFT
DT. The emission control signal provided through the emis-
sion control line EM may be a signal equal to the scan power
signal SPQ, or a signal including only the first voltage Vdd
and the off voltage Voff of the scan power signal SPO.

[0067] The storage capacitor Cst includes a first electrode
connected to a gate electrode of the driving TFT DT
corresponding to the first node nl, and a second electrode
connected to the second node n2. In the storage capacitor
Cst, the second electrode connected to the second node n2
is initialized due to the initialization voltage Vini provided
by the second switching TFT SW2, and a difference voltage
between the initialization voltage Vini and a threshold
voltage Vth of the driving TFT DT, which is detected due to
the first voltage Vdd applied to the first electrode of the
driving TFT DT, is charged in the third switching TFT SW3
which is turned on in a sampling period. The storage
capacitor Cst is charged with a difference voltage (Vdata+
Vth-Vini) between the initialization voltage Vini and a
voltage obtained by compensating the threshold voltage Vth
in the data voltage Vdata provided to the first node nl by the
first switching TFT SW1 in a charge period. In an emission
period, the storage capacitor Cst provides the difference
voltage (Vdata+Vth-Vini) charged in the charge period, to
the driving TFT DT to turn on the driving TFT DT, thereby
allowing the OLED to emit light.

[0068] The auxiliary capacitor Cc includes a first electrode
connected to the first node nl, and a second electrode
connected to the second gate line 2GL. The auxiliary capaci-
tor Cc may be charged with the data voltage Vdata together
with the storage capacitor Cst to provide insufficient capac-
ity of the storage capacitor Cst and to achieve fast and stable
charge.
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[0069] The driving TFT DT includes a gate electrode
connected to the first node nl, a first electrode connected to
the second electrode of the third switching TFT SW3, and a
second electrode connected to the second node n2. The
driving TFT DT is turned on due to the voltage charged in
the storage capacitor Cst and the auxiliary capacitor Cc in
the emission period to provide a current due to the first
voltage Vdd provided by the third switching TFT SW3, to
the OLED, thereby allowing the OLED to emit light.

[0070] Referring to FIG. 7, the OLED display device
according to the third embodiment provides the scan power
signal SPO for driving control of the second switching TFT
SW2 and provides a power voltage for emission of an
OLED, using the second gate line 2GL.

[0071] Specifically, a scan signal SC, a scan power signal
SPO, and a data voltage Vdata are separately provided to the
pixel circuit in an initialization period (a), a sampling period
(b), a charge period (c), and an emission period (d). Here,
FIG. 7 assumes that the scan power signal SPO applied to
the second gate line 2GL is also applied to the emission
control line EM. However, signals provided to the emission
control line EM may apply the first voltage Vdd correspond-
ing to a positive voltage in the sampling period (b) and the
emission period (d) and apply the off voltage Voff in the
charge period (c).

[0072] Inthe initialization period (a), the scan signal SC of
a gate on voltage is applied to the first gate line 1GL and a
negative gate on voltage of the scan power signal SPO is
applied to the second gate line 2GL and the emission control
line EM. As the scan signal SC of the gate on voltage is
applied to the first gate line 1GL, the first switching TFT
SW1 is turned on and the reference voltage Vref applied to
the data line DL is provided to the first node n1 during a data
voltage is not applied. In addition, the third switching TFT
SW3 is maintained in off state due to the negative gate on
voltage applied to the second gate line 2GL and the emission
control line EM, and the second switching TFT SW2 is
turned on and provides the initialization voltage Vini
received through the initialization line IN, to the second
node n2 to initialize the second node n2.

[0073] In the sampling period (b), the scan signal SC
provided to the first gate line 1GL is maintained in the gate
on voltage and the first voltage Vdd corresponding to a
positive power voltage is applied to the second gate line 2GL
and the emission control line EM. As such, the first switch-
ing TFT SW1 is maintained in on state and thus the reference
voltage Vref is provided to the first node nl. As the positive
first voltage Vdd is applied to the emission control line EM
and the second gate line 2GL, the second switching TFT
SW2 is turned off and the third switching TFT SW3 is turned
on. As such, the third switching TFT SW3 provides the first
voltage VDD to the first electrode of the driving TFT, and
the storage capacitor Cst is charged with a voltage corre-
sponding to the threshold voltage of the driving TFT DT in
coupling with the first voltage.

[0074] In the charge period (c), the scan signal SC pro-
vided to the first gate line 1GL is maintained with the gate
on voltage, the off voltage Voff is provided to the second gate
line 2GL and the emission control line EM, and the data
voltage Vdata is provided through the data line DL. As such,
the storage capacitor Cst is charged with the data voltage
Vdata in which the pre-charged threshold voltage is com-
pensated.
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[0075] 1In the emission period (d), a gate off voltage Voff
is applied to the first gate line 1GL and the first voltage Vdd
is applied to the second gate line 2GL and the emission
control line EM. As such, the driving TFT DT is turned on
due to the voltage charged in the storage capacitor Cst and
the auxiliary capacitor Cc, and provides a current due to the
first voltage Vdd provided by the third switching TFT SW3,
to the OLED, thereby allowing the OLED to emit light.
[0076] As described above in relation to the first to third
embodiments of the present invention, a scan signal for
turning on a switching TFT and a power voltage for driving
an OLED are simultaneously provided to the switching TFT
and a control line connected to the switching TFT. To this
end, the switching TFT is configured as a TFT which is
turned on due to a voltage having an opposite polarity to the
power voltage, and thus may be driven due to a gate on
voltage having an opposite polarity to the power voltage for
turning on the OLED.
[0077] According to the embodiments of the present
invention, since a power line for providing a driving power
voltage is omitted by providing a signal and the power
voltage using a single line, and thus a space for the power
line is not necessary, an aperture ratio and a brightness level
may be improved, a space for a pixel circuit may be easily
ensured, and production costs may be reduced.
[0078] Also, since the aperture ratio and the brightness
level are improved, a large amount of current to increase the
brightness and to compensate for the small aperture ratio is
not necessary, the power consumption is decreased and the
rapid deterioration of the OLEDs is prevented.
[0079] In an OLED display device according to the
embodiments of the present invention, since the space for a
pixel circuit is easily ensured, the sufficient amount of
current may be applied to the OLEDs, and the degree of
freedom in design may be increased.
[0080] In addition, since a transistor using a signal pro-
vided through a single line, as a control signal, and a
transistor using the same as a power voltage are configured
as opposite types, the signal and the power voltage may be
provided using a single line in a simple circuit configuration.
[0081] 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 spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.
What is claimed is:
1. An organic light-emitting diode (OLED) display device
comprising:
a plurality of gate lines and a plurality of data lines
crossing each other to define a plurality of pixels; and
an OLED and a pixel driving circuit for independently
driving the OLED in each pixel,
wherein the pixel driving circuit includes a switching thin
film transistor (TFT) and a driving TFT,
wherein a gate electrode of the switching TFT is con-
nected to one of the plurality of gate lines, a first
electrode of the switching TFT is connected to one of
the plurality of data lines, a second electrode of the
switching TFT is directly connected to a gate electrode
of the driving TFT, a first electrode of the driving TFT
is directly connected to the one of the plurality of gate
lines, a second electrode of the driving TFT is con-
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nected to an anode of the OLED, and a cathode of the
OLED is connected to a low-potential power line, and

wherein the one of the plurality of gate lines applies a scan
power signal including a scan pulse corresponding to a
gate on voltage for the switching TFT and a power
voltage corresponding to a gate off voltage for the
switching TFT.

2. The OLED display device according to claim 1,
wherein the switching TFT is a P-type transistor.

3. The OLED display device according to claim 1,
wherein the scan pulse is a negative (=) voltage, and the
power voltage is a positive (+) voltage.

4. The OLED display device according to claim 1,
wherein the power voltage is a positive (+) voltage for
driving the OLED.

5. The OLED display device according to claim 1,
wherein the pixel driving circuit further includes a storage
capacitor between the gate electrode of the driving TFT and
the second electrode of the driving TFT.

6. The OLED display device according to claim 1,
wherein the switching TFT is a P-type transistor.

I I T T
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