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ORGANIC LIGHT EMITTING DISPLAY
DEVICE HAVING COMPENSATION PIXEL
STRUCTURE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit under 35 U.S.C. § 119(a) of Korean Patent Application
Number 10-2013-0155542 filed on Dec. 13, 2013, which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an organic light-
emitting display device.

Description of Related Art

[0003] Organic light-emitting display devices that are
recently in the spotlight as next generation display devices
have advantages, such as relatively fast response speeds,
high light emitting efliciency and luminance and wide
viewing angles, since they use organic light-emitting diodes
(OLED:s) that emit light by themselves.

[0004] Organic light-emitting display devices have a
matrix structure in which pixels including organic light-
emitting diodes are arranged, in which the brightness of each
pixel selected by a scanning signal is controlled according to
the grayscale of data.

[0005] Each pixel in such an organic light-emitting display
device includes an organic light-emitting diode (OLED) as
well as a driving transistor for driving the OLED. The
driving transistor has unique characteristics such as a thresh-
old voltage and mobility. A difference in the characteristic
value between the driving transistors of adjacent pixels may
reduce the luminance quality of the corresponding pixels.
[0006] Therefore, the development of pixel structures for
compensating for the threshold voltage and mobility of the
driving transistor is underway.

[0007] Howevet, in spite of such compensation technol-
ogy, information about the threshold voltage is lost by a
parasitic capacitor component at the gate node of the driving
transistor, which is problematic. The loss in the information
about the threshold voltage may lead to a severe non-
uniform image quality.

BRIEF SUMMARY OF THE INVENTION

[0008] Various aspects of the present invention provide an
organic light-emitting display device having a pixel struc-
ture able to significantly improve threshold voltage com-
pensation capability and range by compensating for a loss in
a threshold voltage that would occur during operation.
[0009] Also provided is an organic light-emitting display
device having a pixel structure able to compensate for
mobility and control a mobility compensation time based on
a capacitor design within the pixel structure, thereby achiev-
ing a sufficient data writing time.

[0010] Also provided is an organic light-emitting display
device having a pixel structure that has superior global
uniformity characteristics.

[0011] In an aspect of the present invention, provided is an
organic light-emitting display device that includes: a display
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panel on which data lines and gate lines are disposed to
define a number of pixels; a data driver driving the data
lines; a gate driver driving the gate lines; and a timing
controller controlling the data driver and the gate driver.
Each of the pixels includes: an organic light-emitting diode;
a driving transistor driving the organic light-emitting diode,
wherein the driving transistor includes a first node forming
a gate node, a second node connected to the organic light-
emitting diode and a third node connected to a driving
voltage line; a first transistor controlled by a first scanning
signal, the first transistor being connected between a source
voltage line and the first node of the driving transistor; a first
storage capacitor connected between the first node and the
second node of the driving transistor; a second storage
capacitor and a boost capacitor between the first node and
the second node of the driving transistor; a second transistor
controlled by a second scanning signal, the second transistor
being connected between a hold node to which the second
storage capacitor and the boost capacitor are connected and
a corresponding data line of the data lines; and a third
transistor controlled by a third scanning signal, the third
transistor being connected between the first node of the
driving transistor and the hold node.

[0012] Inanother aspect of the present invention, provided
is an organic light-emitting display device that includes: a
display panel on which data lines and gate lines are disposed
to define a number of pixels; a data driver driving the data
lines; a gate driver driving the gate lines; and a timing
controller controlling the data driver and the gate driver.
Each of the pixels includes: an organic light-emitting diode;
a driving transistor driving the organic light-emitting diode,
wherein the driving transistor includes a first node forming
a gate node, a second node connected to the organic light-
emitting diode and a third node connected to a driving
voltage line; a first transistor controlled by a first scanning
signal, the first transistor being connected between a source
voltage line and the first node of the driving transistor; a first
storage capacitor connected between the first node and the
second node of the driving transistor; a second storage
capacitor and a boost capacitor between the first node and
the second node of the driving transistor; a second transistor
controlled by a second scanning signal, the second transistor
being connected between a hold node to which the second
storage capacitor and the boost capacitor are connected and
a corresponding data line of the data lines; a third transistor
controlled by a third scanning signal, the third transistor
being connected between the first node of the driving
transistor and the hold node; and a fourth transistor con-
nected between the second node of the driving transistor and
an initialization voltage line, the fourth transistor being
controlled by the third scanning signal by which the third
transistor is controlled.

[0013] In a further aspect of the present invention, pro-
vided is an organic light-emitting display device that
includes: a display parel on which data lines and gate lines
are disposed to define a number of pixels; a data driver
driving the data lines; a gate driver driving the gate lines;
and a timing controller controlling the data driver and the
gate driver. Each of the number of pixels includes: an
organic light-emitting diode; a driving transistor driving the
organic light-emitting diode, wherein the driving transistor
includes a first node forming a gate node, a second node
connected to the organic light-emitting diode and a third
node connected to a driving voltage line; a first transistor
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controlled by a first scanning signal, the first transistor being
connected between a source voltage line and the first node
of the driving transistor; a first storage capacitor connected
between the first node and the second node of the driving
transistor; a second storage capacitor and a boost capacitor
between the first node and the second node of the driving
transistor; and a second transistor controlled by a second
scanning signal, the second transistor being connected
between a hold node to which the second storage capacitor
and the boost capacitor are connected and a corresponding
data line of the data lines.

[0014] Ina further another aspect of the present invention,
provided is an organic light-emitting display device that
includes: a display panel on which data lines and gate lines
are disposed to define a number of pixels; a data driver
driving the data lines; a gate driver driving the gate lines;
and a timing controller controlling the data driver and the
gate driver. Hach of the number of pixels includes: an
organic light-emitting diode; a driving transistor driving the
organic light-emitting diode, wherein the driving transistor
includes a first node forming a gate node, a second node
connected to the organic light-emitting diode and a third
node connected to a driving voltage line; a first transistor
controlled by a first scanning signal, the first transistor being
connected between a source voltage line and the first node
of the driving transistor; a first storage capacitor connected
between the first node and the second node of the driving
transistor; a second storage capacitor and a boost capacitor
between the first node and the second node of the driving
transistor; a second transistor controlled by a second scan-
ning signal, the second transistor being connected between
a hold node to which the second storage capacitor and the
boost capacitor are connected and a corresponding data line
of the data lines; and a third transistor connected between the
second node of the driving transistor and an initialization
voltage line, the third transistor being controlled by the
second scanning signal by which the second transistor is
controlled.

[0015] According to the present invention as set forth
above, the organic light-emitting display device has the pixel
structure able to significantly improve threshold voltage
compensation capability and range by compensating for a
loss in a threshold voltage that would occur during opera-
tion.

[0016] In addition, the organic light-emitting display
device has the pixel structure able to compensate for mobil-
ity and control a mobility compensation time based on a
capacitor design within the pixel structure, thereby achiev-
ing a sufficient data writing time.

[0017] Furthermore, the organic light-emitting display
device has the pixel structure having superior global uni-
formity characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other objects, features and advan-
tages of the present invention will be more clearly under-
stood from the following detailed description when taken in
conjunction with the accompanying drawings, in which:

[0019] FIG. 1 is a schematic system configuration view
illustrating an organic light-emitting display device accord-
ing to exemplary embodiments of the present invention;
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[0020] FIG. 2 is an equivalent circuit diagram illustrating
a pixel structure of an organic light-emitting display device
according to a first exemplary embodiment of the present
invention;

[0021] FIG. 3 is an operation timing diagram of a pixel
having the pixel structure of the organic light-emitting
display device according to the first exemplary embodiment;
[0022] FIG. 4 is a circuit diagram illustrating a parasitic
capacitor component of the pixel structure of the organic
light-emitting display device according to the first exem-
plary embodiment;

[0023] FIG. 5 is an equivalent circuit diagram illustrating
a pixel structure of an organic light-emitting display device
according to a second exemplary embodiment of the present
invention;

[0024] FIG. 6 is an operation timing diagram of a pixel
having the pixel structure of the organic light-emitting
display device according to the second exemplary embodi-
ment;

[0025] FIG. 7A, FIG. 7B, FIG. 8A, FIG. 8B, FIG. 9, FIG.
10A, FIG. 10B, FIG. 11, FIG. 12A and FIG. 12B are circuit
diagrams illustrating the operation according to process
steps and graphs illustrating voltage changes at major nodes
in the pixel structure of the organic light-emitting display
device according to the second exemplary embodiment;
[0026] FIG. 13A, FIG. 13B, FIG. 14A, FIG. 14B. FIG.
15A, FIG. 15B and FIG. 16 are graphs illustrating a variety
of simulations on the pixel structure of the organic light-
emitting display device according to the second exemplary
embodiment;

[0027] FIG. 17 is an equivalent circuit diagram illustrating
a pixel structure of an organic light-emitting display device
according to a third exemplary embodiment of the present
invention;

[0028] FIG. 18 is an operation timing diagram of a pixel
having the pixel structure of the organic light-emitting
display device according to the third exemplary embodi-
ment;

[0029] FIG. 19 is an equivalent circuit diagram illustrating
a pixel structure of an organic light-emitting display device
according to a fourth exemplary embodiment of the present
invention;

[0030] FIG. 20 and FIG. 21 are an operation timing
diagram and a voltage change graph at major nodes in the
pixel structure of the organic light-emitting display device
according to the fourth exemplary embodiment;

[0031] FIG. 22 is an equivalent circuit diagram illustrating
a pixel structure of an organic light-emitting display device
according to a fifth exemplary embodiment of the present
invention; and

[0032] FIG. 23 is an operation diagram of a pixel having
the pixel structure of the organic light-emitting display
device according to the fifth exemplary embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] Reference will now be made in detail to the present
invention, embodiments of which are illustrated in the
accompanying drawings. Throughout this document, refer-
ence should be made to the drawings, in which the same
reference numerals and signs may be used throughout the
different drawings to designate the same or similar compo-
nents. In the following description of the present invention,
detailed descriptions of known functions and components
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incorporated herein will be omitted in the case that the
subject matter of the present invention may be rendered
unclear thereby.

[0034] It will also be understood that, although terms such
as “first,” “second,” “A,” “B,” “(a)” and “(b)” may be used
herein to describe various elements, such terms are only
used to distinguish one element from another element. The
substance, sequence, order or number of these elements is
not limited by these terms. It will be understood that when
an element is referred to as being “connected to” or “coupled
to” another element, not only can it be “directly connected”
or “coupled to” the other element, but also can it be
“indirectly connected or coupled to” the other element via an
“Intervening” element. In the same context, it will be
understood that when an element is referred to as being
formed “on” or “under” another element, not only can it be
directly formed on or under another element, but also can it
be indirectly formed on or under another element via an
intervening element.

[0035] FIG. 1 is a schematic system configuration view
illustrating an organic light-emitting display device 100
according to exemplary embodiments of the present inven-
tion.

[0036] Referring to FIG. 1, the organic light-emitting
display device 100 includes a display panel 110 on which a
plurality of data lines DL1 to DLm and a plurality of gate
lines GL.1 to GLn are disposed such that a number of pixels
P are defined, a data driver 120 for driving the data lines LD1
to DLm, a gate driver 130 for driving the gate lines GL1 to
GLn, and a timing controller 140 for controlling the data
driver 120 and the gate driver 130.

[0037] The data driver 120 may include a plurality of data
driver integrated circuits (also referred to as source driver
integrated circuits) that may be connected to the bonding
pads of the display panel 110 by a tape automated bonding
(TAB) method or a chip-on-glass (COG) method, may be
directly formed on the display panel 110 by a gate-in-panel
(GIP) method, or may be integrated on the display panel 110.
[0038] The gate driver 130 may be positioned only at one
side of the display panel 110 as illustrated in FIG. 1 or may
be divided into two sections each of which is positioned on
either side of the display panel 110.

[0039] The gate driver 130 can provide each of the pixels
with one or more scanning signals according to several pixel
structures, which will be described later.

[0040] In addition, the gate driver 130 may include a
plurality of gate driver integrated circuits that may be
connected to the bonding pads of the display panel by a tape
automated bonding (TAB) method or a chip-on-glass (COG)
method, may be directly formed on the display panel 110 by
a gate-in-panel (GIP) method, or may integrated on the
display panel 110.

[0041] The timing controller 140 controls the operation
timing of the data driver 120 and the gate driver 130, and
outputs a variety of control signals for this purpose.
[0042] Each of the pixels of the organic light-emitting
display device 100 includes an organic light-emitting diode
(OLED) and a circuit for driving the OLED.

[0043] The circuit for driving the OLED includes a driving
transistor for supplying a current to the OLED, a switching
transistor for applying a data voltage to a gate node of the
driving transistor, and a storage capacitor for maintaining a
data voltage for the period of one frame. The circuit can
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further include at least one transistor for compensating for
the threshold voltage Vth and the mobility of the driving
transistor.

[0044] The pixel structures may vary according to the
numbers and the connecting structures of the transistors and
the capacitors included in the circuit.

[0045] Reference will be made to five pixel structures
according to five exemplary embodiments of the present
invention.

[0046] First, a pixel structure including four transistors
and one capacitor according to a first exemplary embodi-
ment will be described with reference to FIG. 2 to FIG. 4.
[0047] FIG. 2 is an equivalent circuit diagram illustrating
the pixel structure of an organic light-emitting display
device 100 according to the first exemplary embodiment.
[0048] Referring to FIG. 2, each pixel of the organic
light-emitting display device 100 according to the first
embodiment has a pixel structure including an organic
light-emitting diode (OLED), a first transistor T1 connected
between a driving voltage line DVL through which a driving
voltage EVDD is supplied and the OLED, a second transis-
tor T2 connected between a data line DL and a gate node
DTG of the first transistor T1, a third transistor T3 connected
between a source node DTS of the first transistor T1 and an
initialization voltage line IVL through which an initializa-
tion voltage Vini is supplied, a fourth transistor T4 con-
nected between a reference voltage line through which a
reference voltage Vref is supplied and the gate node DTG of
the first transistor T1, and a storage capacitor Cstg connected
between the gate node DTG and the source node DTS of the
first transistor T1.

[0049] The first transistor T1 is a driving transistor for
driving the OLED.

[0050] Although the four transistors T1 to T4 are illus-
trated as being an N type, this is merely an illustrative
example, and the four transistors may be designed to be a P
type.

[0051] A description will be given of an operation method
of each pixel having this pixel structure with reference to an
operation timing diagram illustrated in FIG. 3.

[0052] FIG. 3 is the operation timing diagram of a pixel
having the pixel structure of the organic light-emitting
display device according to the first exemplary embodiment.
[0053] Referring to FIG. 3, the pixel having the pixel
structure of the organic light-emitting display device 100
according to the first embodiment carries out an operation,
including an initialization step, a threshold voltage sensing
step, a data writing and mobility compensation step and an
emission step.

[0054] Referring to FIG. 3, at the initialization step, the
second transistor T2 is turned off, and the fourth transistor
T4 and the third transistor T3 are turned on, such that the
gate node DTG and the source node DTS of the first
transistor T1 are respectively initialized with a reference
voltage Vref and an initialization voltage Vini.

[0055] Referring to FIG. 3, at the threshold voltage sens-
ing step, the third transistor T3 is turned off, and the source
node DTS of'the first transistor T1 senses a threshold voltage
of the first transistor T1. That is, the voltage Vs at the source
node DTS of the first transistor T1 can be expressed includ-
ing the threshold voltage (Vs=Vref-Vth).

[0056] At this time, information about the threshold volt-
age Vth of the first transistor T1 is stored in the storage
capacitor Cstg. That is, the difference in the voltage between
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both ends of the storage capacitor Cstg is identical to the
threshold voltage Vth of the first transistor T1.

[0057] Referring to FIG. 3, at the data writing and mobil-
ity compensation step, the third transistor T3 and the fourth
transistor T4 are turned off, and the second transistor T2 is
turned on, such that a data voltage Vdata is applied to (or
written in) the gate node DTG of the first transistor T1.
[0058] At this time, the first transistor T1 is turned on, and
the voltage at the source node DTS of the first transistor T1
increases.

[0059] The increase in the voltage at the source node DTS
of the first transistor T1 is proportional to the mobility of the
first transistor T1.

[0060] For example, assuming that the mobility of the first
transistor T1 is pl or p2, where ul>p2, a voltage change
ADTSI at the source node DTS when the mobility of the first
transistor T1 is pl is greater than a voltage change ADTS2
at the source node DTS when the mobility of the first
transistor T1 is p2. Accordingly, the voltage difference Vgsl
between the gate node DTG and the source node DTS when
the mobility of the first transistor T1 is pL1 1s smaller than the
voltage difference Vigs2 between the gate node DTG and the
source node DTS at the mobility of the first transistor T1 is
u2.

[0061] Based on the degree in a voltage increase (or
voltage change) at the source node DTS of the first transistor
T1, the mobility of the first transistor T1 can be sensed, and
variations in the mobility can be compensated by negative
feedback.

[0062] Referring to FIG. 3, at the emission step, all of the
transistors T2 to T4 except for the first transistor T1 serving
as the driving transistor are turned off. The OLED starts
emitting light while the voltage at the source node DTS of
the first transistor T1 increases such that the current of the
first transistor T1 is identical to that of the OLED.

[0063] At this time, information about the threshold volt-
age that has been present at the source node DTS of the first
transistor T1 is transferred to the gate node DTG of the first
transistor T1, thereby compensating for the threshold volt-
age of the first transistor T1.

[0064] Specifically, the voltage at the source node DTS of
the first transistor T1 is expressed without the threshold
voltage, and the voltage of the gate node DTG of the first
transistor T1 is expressed including the threshold voltage.
The first transistor T1 can drive the OLED free from the
influence of the threshold voltage.

[0065] The pixel structure of the organic light-emitting
display device 100 according to the first embodiment makes
possible the threshold voltage sensing, the mobility com-
pensation and the like that have been problematic in the
related art.

[0066] As described above, in the pixel structure of the
organic light-emitting display device 100 according to the
first embodiment, at the threshold voltage sensing step, the
threshold voltage Vth of the first transistor T1 serving as the
driving transistor is stored in the source node DTS of the first
transistor T1. The threshold voltage Vth stored in the source
node DTS of the first transistor T1 in this fashion is
transferred to the gate node DTG of the first transistor T1
serving as the driving transistor at the emission step.
[0067] Here, storing the threshold voltage in the source
node DTS of the first transistor T1 indicates that the voltage
at the source node DTS of the first transistor T1 can be
expressed by the threshold voltage. In addition, the transfer
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of the threshold voltage Vth stored in the source node DTS
of the first transistor T1 to the gate node DTG of the first
transistor T1 indicates that the threshold voltage included in
a voltage formula of the source node DTS of the first
transistor T1 is included in a voltage formula of the gate
node DTG of the first transistor T1.

[0068] In the process of storing and transferring the
threshold voltage, as illustrated in FIG. 4, a parasitic capaci-
tor Cpara formed at the gate node DTG of the first transistor
T1 serving as the driving transistor may cause a loss in the
threshold voltage.

[0069] In particular, the loss in the threshold voltage
caused by the parasitic capacitor Cpara formed at the gate
node DTG of the first transistor T1 may create a relatively-
large gate source voltage at a low grayscale that is controlled
based on a small gate source voltage of the driving transistor
T1, thereby leading to a severe non-uniform image quality
at the threshold voltage.

[0070] In addition, the compensation range for the thresh-
old voltage may be significantly reduced, thereby lowering
the yield of transistors.

[0071] Furthermore, it is difficult to obtain a sufficient data
writing time due to a short mobility compensation time.
[0072] Therefore, reference will now be made to exem-
plary embodiments (second to fifth embodiments) of the
pixel structure that can significantly improve threshold volt-
age compensation capability and range by compensating for
a loss in a threshold voltage that would occur during
operation, can compensate for mobility and control a mobil-
ity compensation time based on a capacitor design within the
pixel structure, thereby achieving a sufficient data writing
time, and has superior global uniformity characteristics.
[0073] First, a description will be given of a 4T3C pixel
structure including four transistors (T) and three capacitors
(C) according to a second exemplary embodiment with
reference to FIG. 5 to FIG. 16.

[0074] FIG. 5 is an equivalent circuit diagram illustrating
the pixel structure of the organic light-emitting display
device 100 according to the second exemplary embodiment
of the present invention.

[0075] Referring to FIG. 5, each of pixels defined on the
display plane 110 of the organic light-emitting display
device 100 according to the second embodiment includes: an
organic light-emitting diode (OLED); four transistors
including a driving transistor DT, a first transistor T1, a
second transistor T2 and a third transistor T3; and three
capacitors including a first storage capacitor Cstgl, a second
storage capacitors Cstg2 and a boost capacitor Cboost.
[0076] The driving transistor DT drives the OLED, and
includes a first node N1 forming a gate node, a second node
N2 connected to the OLED and a third node N3 connected
to a driving voltage line DVL through which a driving
voltage EVDD is supplied.

[0077] The first transistor T1 is controlled by a first
scanning signal SCAN1, and is connected between a source
voltage line SVL and the first node N1 of the driving
transistor DT.

[0078] The first storage capacitor Cstgl is connected
between the first node N1 and the second node N2 of the
driving transistor DT.

[0079] The second storage capacitor Cstg2 and the boost
capacitor Cboost are connected between the first node N1
and the second node N2 of the driving transistor DT.
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[0080] The second transistor T2 is controlled by a second
scanning signal SCAN2, and is connected between a hold
node Nh to which the second storage capacitor Cstg2 and the
booster capacitor Choost are connected and a data line DL.
[0081] The third transistor T3 is controlled by a third
scanning signal SCAN3, and is connected between the first
node N1 of the driving transistor DT and the hold node Nh.
[0082] In the pixel structure of the organic light-emitting
display device 100 according to the second embodiment, a
driving voltage VDD applied to the third node N3 of the
driving transistor DT through the driving voltage line DVL
is an AC voltage, which is shifted by 1 H.

[0083] Here, the driving voltage VDD at a low level can
be indicated by VDD(-), and the driving voltage VDD at a
high level can be indicated by VDD(+).

[0084] In the pixel structure of the organic light-emitting
display device 100 according to the second embodiment, the
three capacitors have their own capacitances. Comparing the
capacitances of the first storage capacitor Cstg, the boost
capacitor Cboost and the second storage capacitor Cstg2, the
capacitance of the second storage capacitor Cstg2 is
designed smallest. The capacitances of the first storage
capacitor Cstgl and the boost capacitor Cboost are designed
similar to each other.

[0085] A description will be given below of the operation
of the pixel having the above-described 4T3C pixel struc-
ture.

[0086] FIG. 6 is an operation timing diagram of a pixel
having the pixel structure of the organic light-emitting
display device 100 according to the second exemplary
embodiment.

[0087] Referring to FIG. 6, the pixel having the pixel
structure of the organic light-emitting display device 100
according to the second embodiment carries out an opera-
tion, including an initialization step, a threshold voltage
sensing step, a data writing and mobility compensation step
and an emission step.

[0088] A description will be given below of the respective
steps of the operation with reference to FIG. 7A, FIG. 7B,
FIG. 8A, FIG. 8B, FIG. 9, FIG. 10A, FIG. 10B, FIG. 11,
FIG. 12A and FIG. 12B.

[0089] First, referring to FIG. 7A and FIG. 7B, at the
initialization step, a low level driving voltage VDD(-) is
applied to the third node N3 of the driving transistor DT, the
first transistor T1 and the third transistor T3 are turned on by
a first scanning signal SCAN1 and a second scanning signal
SCAN?2 that are high level scanning signals, and the second
transistor T2 is turned on by a second scanning signal
SCAN2 that is a low level scanning signal.

[0090] Accordingly, the hold node Nh and the first node
N1 of the driving transistor DT are initialized using a source
voltage Vss, and the second node N2 of'the driving transistor
DT is initialized using the low level driving voltage VDD
).

[0091] At this initialization step, voltages at the first node
N1 of the driving transistor DT, the second node N2 of the
driving transistor DT and the hold node Nh can be expressed
as in following Formula 1:

Voltage of EN1=VSS
Voltage of EN1=VSDD(-)

Voltage of ENh=VSS Formula 1
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[0092] In Formula 1, VSS indicates a source voltage, and
VSDD(-) indicates a low level driving voltage.

[0093] Afterwards, referring to FIG. 8A and FIG. 8B, at
the threshold voltage sensing step, a high level driving
voltage VDD(+) is applied to the third node N3 of the
driving transistor DT, the first transistor T1 is maintained at
the turned-on state by a high level first scanning signal
SCANTI, the second transistor T2 is turned off by a low level
second voltage signal SCAN2, and the third transistor T3 is
turned off by a low level third scanning signal SCAN3.
[0094] At this threshold voltage sensing step, changes in
voltages at the first node N1 of the driving transistor DT, the
second node N2 of the driving transistor DT and the hold
node Nh will be discussed with reference to FIG. 9.
[0095] Referring to FIG. 9, at the threshold voltage sens-
ing step, the first node N1 of the driving transistor DT is
maintained at the source voltage VSS.

[0096] In addition, at the threshold voltage sensing step,
the voltage at the second node N2 of the driving transistor
DT increases from the initialized voltage VDD(-). The
voltage increases from VDD(-) to VSS-Vth, which is less
than the source voltage Vss, i.e. the voltage at the first node
N1 of the driving transistor DT, by the threshold voltage
Vth.

[0097] Therefore, at the threshold voltage sensing step, a
voltage change at the second node N2 of the driving tran-
sistor DT is VSS-Vth-VDD(-).

[0098] In addition, at the threshold voltage sensing step,
the voltage at the hold node Nh increases according to the
voltage change VSS-Vth-VDD(-) at the second node N2 of
the driving transistor DT and a first capacitance ratio A.
[0099] More specifically, the voltage at the hold node Nh
increases by a value obtained by multiplying the voltage
change VSS-Vth-VDD(-) at the second node N2 of the
driving transistor DT with the first capacitance ratio A. Here,
the first capacitance ratio A is a value obtained by dividing
the capacitance of the second storage capacitor Cstg2 with
a total of the capacitance of the boost capacitor Cboost and
the capacitance of the second storage capacitor Cstg2.
[0100] At the threshold voltage sensing step, the voltages
at the first node N1 of the driving transistor DT, the second
node N2 of the driving transistor DT and the hold node Nh
can be expressed by following Formula 2 and Formula 3:

Voltage of EN1=VSS
Voltage of EN2=VSS-Vith

Voltage of EN2=VSS+A*(VSS-Vih-VDD(-)),

where 4=Cstg2/(Cboost+Cstg2) Formula 2
If VSS=0,

Voltage of EN1=0

Voltage of EN2=-Vih

Voltage of EN2=-4*(VDD(-)+Vth) Formula 3

[0101] In Formula 2 and Formula 3, VSS indicates a
source voltage, Vth indicates a threshold voltage of the
driving transistor DT, VDD(-) indicates a low level driving
voltage, A indicates a first capacitance ratio, Cstg2 indicates
a capacitance of the second storage capacitor Cstg2, and
Cboost indicates a capacitance of the boost capacitor
Cboost.
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[0102] Afterwards, referring to FIG. 10A and FIG. 10B, at
the data writing and mobility sensing step. the second
transistor T2 is turned on by a high level second scanning
signal SCAN2, a data voltage Vdata is applied through the
data line DL to the turn on second transistor T2, a high level
driving voltage VDD(+) is applied to the third node N3 of
the driving transistor DT, and the first transistor T1 is turned
on by a low level first scanning signal SCANI.

[0103] At the data writing and mobility sensing step, the
second transistor T2 is turned on, by which the data voltage
Vdata supplied through the data line DL is applied to the
hold node Nh.

[0104] Consequently, the voltage at the hold node Nh
increases to the data voltage Vdata.

[0105] A voltage change at the hold node Nh is expressed
by Vdata-[VSS+A*(VSS-Vth-VDD(-))].

[0106] In response to the mobility sensing, the voltage at
the second node N2 of the driving transistor DT increases
further from the voltage VSS-Vth that has increased at the
threshold voltage sensing step.

[0107] A voltage change AVu at the second node N2 of the
driving transistor DT due to this voltage increase may vary
according to a voltage change AVp at the hold node Nh.
[0108] In response to a coupled data being applied to the
first node N1 of the driving transistor DT and, simultane-
ously, the mobility sensing, the voltage at the first node N1
of the driving transistor DT increases from the source
voltage VSS that has been maintained through the threshold
voltage sensing step.

[0109] The voltage at the first node N1 of the driving
transistor DT can increase according to the voltage change
AVp at the hold node Nh, the voltage change AVu at the
second node N2 of the driving transistor DT in response to
the mobility sensing operation, a second capacitance ratio B
and a third capacitance ratio C.

[0110] More specifically, the voltage at the first node N1
of the driving transistor DT increases further by a voltage
value B¥*¥AVp+C*AVu, i.e. a total of a voltage obtained by
multiplying the voltage change AVp at the hold node Nh
with the second capacitance ratio B and a voltage obtained
by multiplying the voltage change AVu at the second node
N2 of the driving transistor DT in response to the mobility
sensing operation with the third capacitance ratio C.
[0111] Here, the second capacitance ratio B is a value
obtained by dividing the capacitance of the boost capacitor
Cboost with a total of the capacitance of the first storage
capacitor Cstgl and the capacitance of the boost capacitor
Cboost.

[0112] The third capacitance ratio C is a value obtained by
the capacitance of the first storage capacitor Cstgl with a
total of the capacitance of the boost capacitor Choost and the
capacitance of the first storage capacitor Cstgl.

[0113] This third capacitance ratio C can determine the
rate at which the difference in the voltage between the first
node N1 and the second node N2 of the driving transistor DT
decreases.

[0114] At the data writing and mobility sensing step,
voltages at the first node N1 of the driving transistor DT, the
second node N2 of the driving transistor DT and the hold
node Nh can be expressed by following Formula 4 and
Formula 5 (VSS=0):

Voltage of EN1=VSS+B*AVp+C*AVi

Voltage of EN2=VSS-Vih+AVu

Nov. 15,2018

Voltage of ENh=Vdata—Vss+d4*(VSS-Vih-VDD(-))+
AVp

where B=Cboost/(Csigl +Cboost)

C=Cstgl/(Choost+Cstgl) Formula 4
If VS$=0,

Voltage of EN1=B*AVp+C*AVu

Voltage of EN2=-Vith+AVu

Voltage of ENh=Vdata=—A4*(VDD(-+Vih)+AVp Formula 5

[0115] In Formula 4 and Fornwla 5, VSS indicates a
source voltage, Vth indicates a threshold voltage of the
driving transistor DT, VDD(-) indicates a low level driving
voltage, Vdata indicates a data voltage, AVp indicates a
voltage change at the hold node Nh, AVu indicates a voltage
change at the second node N2 of the driving transistor DT,
B indicates a second capacitance, C indicates a third capaci-
tance, Cstgl indicates a capacitance of the first storage
capacitor Cstgl, and Cboost indicates a capacitance of the
boost capacitor.

[0116] In sequence, referring to FIG. 12A and FIG. 12B,
at the emission step, all of the driving transistor DT, the first
transistor T1, the second transistor T3 are turned off
[0117] Consequently, the voltage at the second node N2 of
the driving transistor DT increases, and the OLED emits
light.

[0118] At this time, a threshold voltage of the driving
voltage DT is transferred.

[0119] A current Ids flowing between the drain node N3
and the source node N2 of the driving transistor DT can be
expressed by following Formula 6:

» 1 w Formula 6
Ids = k(Vgs — Vih)", where k = EyCoxI

[0120] In Formula 6, Ids indicates a current flowing
between the drain node N3 and the source node N1 of the
driving transistor DT, Vgs indicates a difference in the
voltage between the first node N1 and the second node N2
of the driving transistor DT, and Vth is a threshold voltage
of the driving transistor DT. k is a component about the
mobility of the driving transistor DT, and is defined by
mobility p, an oxide capacitance Cox, a channel width W
and a channel length L.

[0121] When the OLED emits light, the current flowing
between the drain node N3 and the source node N2 of the
driving transistor DT is identical to a current Ioled flowing
through the OLED.

[0122] Therefore, it is possible to determine whether or
not the threshold voltage Vth of the driving transistor DT has
an effect on a corresponding pixel, i.e. whether or not the
threshold voltage Vth of the driving transistor DT has an
effect on the current Ioled flowing through the OLED, by
evaluating “Vgs-Vth.”

[0123] Based on the voltages at the first node N1 of the
driving transistor DT, the second node N2 of the driving
transistor DT and the hold node Nh according to the above-
described steps, Vgs—Vth can be expressed by following
Formula 7:
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Vgs — Vth = BsAVp + CsAVu— (-Vih+ AVu) - Vih
= B(Data + A(VDD(-) + Vih)) +
CsAVu+ Vih—AVu— Vih
= BsData + BsAsVDD(-) +
BsAsVih— AVus(1 - 0),

Formula 7

where A = Csig2/(Cboost + Csig2)
B = (Cboost | Csigl + Cboosr)
C = Csigl [(Choost + Csigl)

[0124] In Formula 7, VSS indicates a source voltage, Vth
indicates a threshold voltage of the driving transistor DT,
VDD(-) indicates a low level driving voltage, Vdata indi-
cates a data voltage, AVp indicates a voltage change at the
hold node Nh, AVu indicates a voltage change at the second
node N2 of the driving transistor DT, A indicates a first
capacitance ratio, B indicates a second capacitance ratio, C
indicates a third capacitance ratio, Cstgl indicates a capaci-
tance of the first storage capacitor Cstgl, Cboost indicates a
capacitance of the boost capacitor Cboost, and Cstg2 indi-
cates a capacitance of the second storage capacitor Cstg2.
[0125] In Formula 7, “B*A*Vth” is a part that cancels a
loss in the threshold voltage. If the capacitances of the three
capacitors Cstgl, Cstg2 and Choost are determined such that
B*A is very small, B¥A*Vth in Vgs-Vth becomes a negli-
gibly small value. It is possible to make a current flow
through the OLED without a significant effect on the thresh-
old voltage Vth of the driving transistor DT.

[0126] Considering this, it is possible to control the part
that cancels the loss through the second storage capacitor
Cstg2.

[0127] Specifically, the capacitance of the capacitor Cstg2
makes it possible to determine the amount to control at
compensation for the loss in the information about the
threshold voltage caused by the parasitic capacitor Cpara of
the first node N1 of the driving transistor DT.

[0128] In addition, in Formula 7, AVu*(1-C) indicates a
decrease in the voltage difference Vgs between the first node
N1 and the second node N2 of the driving transistor DT at
the mobility sensing step.

[0129] Here, the third capacitance ratio C can reduce the
rate at which the voltage difference Vgs decreases. Specifi-
cally, the third capacitance ratio C determines the reduction
rate of the voltage difference Vgs between the first node N1
and the second node N2 of the driving transistor DT.
[0130] FIG. 13A, FIG. 13B, FIG. 14A, FIG. 14B, FIG.
15A, FIG. 15B and FIG. 16 are graphs illustrating a variety
of simulations on the pixel structure of the organic light-
emitting display device 100 according to the second exem-
plary embodiment.

[0131] FIG. 13A and FIG. 13B illustrate the results of
simulations on the threshold voltage compensation capabil-
ity of the pixel structure according to the second embodi-
ment, performed by changing the second capacitor Cstg2 in
order to compensate for a loss in the threshold voltage
caused by the parasitic capacitor Cpara.

[0132] Referring to FIG. 13A and FIG. 13B, the pixel
structure has the capacitance value of the second capacitor
Cstg2 that has optimum performance at both a low gray level
(63 Gray) and a high gray level (255 Gray).

[0133] FIG. 14A and FIG. 14B illustrate the results of
simulations on the complex compensation capability of the
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pixel structure according to the second embodiment when
both the threshold voltage Vth and the mobility of the
driving transistor DT deviate from a reference.

[0134] Referring to FIG. 14A and FIG. 14B, it is appre-
ciated that there are wide compensation ranges for the
threshold voltage Vth and the mobility at either a low gray
level (63 Gray) or a high gray level (255 Gray) when Aloled
is within 5%.

[0135] FIG. 15A and FIG. 15B illustrate the global uni-
formity of the pixel structure according to the second
embodiment at a low gray level (63 Gray) and a high gray
level (255 Gray).

[0136] Referring to FIG. 15A and FIG. 15B, it is appre-
ciated that the pixel structure according to the second
embodiment has superior global uniformity at either the low
gray level (63 Gray) or the high gray level (255 Gray).
[0137] FIG. 16 illustrates variations in a current (Y axis)
flowing through the OLED according to data voltages (X
axis) in the pixel structure according to the second embodi-
ment.

[0138] Referring to FIG. 16, steps 1.5, 1.0, 0.5 and O pF
indicate the capacitances between a first electrode (e.g. an
anode) of the OLED and the source voltage VSS.

[0139] Referring to FIG. 16, it is possible to design a
capacitor to control current capacity when the current capac-
ity is insuflicient although the OLED operates like a capaci-
tor. Specifically, even in the case that the data voltage is the
same, it is possible to increase the amount of current flowing
through the OLED by increasing the designed capacitance of
the capacitor component of the OLED.

[0140] The 4T3C pixel structure according to the second
embodiment and the operation of the pixel having the 4T3C
pixel structure were described hereinabove.

[0141] Reference will now be made to a modified embodi-
ment (third embodiment) of the 4T3C pixel structure accord-
ing to the second embodiment and the operation thereof in
conjunction with FIG. 17 and FIG. 18.

[0142] FIG. 17 is an equivalent circuit diagram illustrating
a pixel structure of an organic light-emitting display device
100 according to a third exemplary embodiment of the
present invention.

[0143] Referring to FIG. 17, each of pixels of the organic
light-emitting display device 100 according to the third
embodiment has a pixel structure including: an organic
light-emitting diode (OLED); five transistors including a
driving transistor DT, a first transistor T1, a second transistor
T2, a third transistor T3 and a fourth transistor T4; and three
capacitors including a first storage capacitor Cstgl, a second
storage capacitor Cstg2 and a boost capacitor Cboost.
[0144] The driving transistor DT includes a first node N1
forming a gate node, a second node N2 connected to the
OLED and a third node N3 connected to a driving voltage
line DVL through which a driving voltage VDD is supplied.
[0145] The first transistor T1 is controlled by a first
scanning signal SCAN1, and is connected between a source
voltage line SVL and the first node N1 of the driving
transistor DT.

[0146] The first storage capacitor Cstgl is connected
between the first node N1 and the second node N2 of the
driving transistor DT.

[0147] The second storage capacitor Cstg2 and the boost
capacitor Cboost are connected between the first node N1
and the second node N2 of the driving transistor DT.
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[0148] The second transistor T2 is controlled by a second
scanning signal SCAN2, and is connected between a hold
node Nh and a data line DL.

[0149] The third transistor T3 is controlled by a third
scanning signal SCAN3, and is connected between the first
node N1 of the driving transistor DT and the hold node Nh.
[0150] The fourth transistor T4 is connected between the
second node N2 of the driving transistor DT and an initial-
ization voltage line IVL through which an initialization
voltage Vini is supplied.

[0151] The fourth transistor T4 is commonly controlled by
the third scanning signal SCAN3 by which the third tran-
sistor T3 is controlled.

[0152] The 5T3C pixel structure according to the third
embodiment illustrated in FIG. 17 is substantially identical
to the 4T3C pixel structure according to the second embodi-
ment illustrated in FIG. 5, except that the driving voltage
VDD supplied through a driving voltage line DVL is a DC
voltage, and that the fourth transistor T4 is added.

[0153] Accordingly, the second node N2 of the driving
transistor DT is initialized by an initialization voltage IVL
supplied through the initialization voltage line TVL in the
pixel structure according to the third embodiment illustrated
in FIG. 17, whereas the second node N2 of the driving
transistor DT is initialized by VDD(-) in the 4T3C pixel
structure according to the second embodiment illustrated in
FIG. 5.

[0154] As described above, the operation system and
operating characteristics of the ST3C pixel structure accord-
ing to the third embodiment illustrated in FIG. 17 are
substantially identical to those of the 4T3C pixel structure
according to the second embodiment illustrated in FIG. 5,
except for the initialization of the second node N2 of the
driving transistor DT.

[0155] Therefore, the operation timing of a pixel having
the 5T3C pixel structure according to the third embodiment
illustrated in FIG. 17 is identical to the operation timing of
a pixel having the 4T3C pixel structure according to the
second embodiment illustrated in FIG. 5.

[0156] The operation timing of the pixel having the 5T3C
pixel structure according to the third embodiment illustrated
in FIG. 17 will be described in brief with reference to FIG.
18.

[0157] Referring to FIG. 18, the pixel having the 5T3C
pixel structure according to the third embodiment also
carries out an operation, including an initialization step, a
threshold voltage sensing step, a data writing and mobility
compensation step and an emission step, as in the second
embodiment.

[0158] Comparing the operation timing of a pixel having
the 5T3C pixel structure according to the third embodiment
illustrated in FIG. 17 with the operation timing of a pixel
having the 4T3C pixel structure according to the second
embodiment illustrated in FIG. 5, the operation system and
operating characteristics thereof are identical except that the
driving voltage VDD is a DC voltage in the 5T3C pixel
structure.

[0159] Since the DC driving voltage VDD is supplied, the
fourth transistor T4 is added to initialize the second node N2
of the driving transistor DT.

[0160] Therefore, at the initialization step, the DC driving
voltage VDD is applied to the third node N3 of the driving
transistor DT, the first transistor T1 is turned on by a high
level first scanning signal SCANI, the third transistor T3
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and the fourth transistor T4 are turned on by a high level
third scanning signal, and the second transistor T2 is turned
on by a low level second scanning signal SCAN2.

[0161] Consequently, the hold node Nh and the first node
N1 of the driving transistor DT are initialized by a source
voltage VSS supplied through the first transistor T1, and the
second node N2 of the driving transistor DT is initialized by
the initialization voltage Vini supplied through the fourth
transistor T4.

[0162] Descriptions of the threshold voltage sensing step,
the data writing and mobility compensation step and the
emission step will be omitted since they are identical to
those of the operation of the 4T3C pixel structure according
to the second embodiment.

[0163] The 4T3C pixel structure according to the second
embodiment and the ST3C pixel structure including one
more transistor (the fourth transistor T4) according to the
third embodiment were described hereinabove.

[0164] Reference will now be made to a 3T3C pixel
structure according to a fourth embodiment corresponding to
a modified embodiment of the 4T3C pixel structure accord-
ing to the second embodiment in conjunction with FI1G. 19
to FIG. 21.

[0165] FIG. 19 is an equivalent circuit diagram illustrating
the pixel structure of an organic light-emitting display
device 100 according to the fourth exemplary embodiment
of the present invention.

[0166] The organic light-emitting display device 100
according to the fourth embodiment includes a display panel
110 on which a plurality of data lines DI.1 to DLm and a
plurality of gate lines GL1 to GLn are disposed such that a
number of pixels P are defined, a data driver 120 for driving
the data lines LD1 to DLm, a gate driver 130 for driving the
gate lines GL1 to GLn, and a timing controller 140 for
controlling the data driver 120 and the gate driver 130.
[0167] Referring to FIG. 19, each of a plurality of pixels
of the organic light-emitting display device 100 according to
the fourth embodiment has a 3T3C pixel structure including
an organic light-emitting diode (OLED), a driving transistor
DT, a first transistor T1, a second transistor T2, a first storage
capacitor Cstgl, a second storage capacitor Cstg2 and a
boost capacitor Cboost.

[0168] Here, the driving transistor DT serves to drive the
OLED, and includes a first node N1 forming a gate node, a
second node N2 connected to the OLED and a third node N3
connected to a driving voltage line DVL.

[0169] The first transistor T1 is controlled by a first
scanning signal SCAN1, and is connected between a source
voltage line SVL and the first node N1 of the driving
transistor DT.

[0170] The first storage capacitor Cstgl is connected
between the first node N1 and the second node N2 of the
driving transistor DT.

[0171] The second storage capacitor Cstg2 and the boost
capacitor Choost are connected between the first node N1
and the second node N2 of the driving transistor DT. The
connecting node between the second storage capacitor and
the boost capacitor forms a hold node Nh.

[0172] The second transistor T2 is controlled by a second
scanning signal SCAN2, and is connected between the hold
node Nh to which the second storage capacitor Cstg2 and the
boost capacitor Cboost are connected and a data line DL.
[0173] Referring to FIG. 19, in each of the plurality of
pixels of the organic light-emitting display device 100
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according to the fourth embodiment, an AC driving voltage
VDD is supplied to the third node N3 of the driving
transistor DT through the driving voltage line DVL.

[0174] The operation of a pixel having the 3T3C pixel
structure according to the fourth embodiment illustrated in
FIG. 19 will be described with reference to FIG. 20 and FIG.
21.

[0175] FIG. 20 and FIG. 21 are an operation timing
diagram and a voltage change graph at major nodes in the
pixel structure of the organic light-emitting display device
100 according to the fourth exemplary embodiment.
[0176] Referring to FIG. 20, the operation of a pixel
having the 3T3C pixel structure according to the fourth
embodiment is identical to the operation of a pixel having
the 4T3C pixel structure according to the second embodi-
ment.

[0177] In addition, referring to FIG. 20, the operation of
the pixel having the 3T3C pixel structure according to the
fourth embodiment includes an initialization step, a thresh-
old voltage sensing step, a data writing and mobility com-
pensation step and an emission step, like the operation of the
pixel having the 4T3C pixel structure according to the
second embodiment.

[0178] The operation of the pixel having the 3T3C pixel
structure according to the fourth embodiment differs from
the operation of the pixel having the 4T3C pixel structure
according to the second embodiment in that the hold node
Nh is initialized by a data voltage supplied through the data
line DL, since the transistor (T3 in FIG. 5) for initializing the
hold node Nh is not provided.

[0179] Therefore, input data voltages are divided into a
low level initialization data voltage Vo and a high level data
voltage Vdata, and the hold node Nh is initialized by the
initialization data voltage Vo.

[0180] In the pixel having the 3T3C pixel structure
according to the fourth embodiment, the hold node Nh is
initialized by a voltage applied through the data line DL. The
voltage applied through the data line DL is a voltage in
which the low level initialization data voltage Vo and the
high level data voltage Vdata alternate with each other.

[0181] Accordingly, the transistor (T3 in FIG. 5) con-
nected between the hold node Nh and the first node N1 of the
driving transistor DT, as well as a scanning signal for
controlling the transistor (T3 in FIG. 5), can be precluded.

[0182] In addition, referring to the operation timing of the
initialization step in FIG. 20, since the hold node Nh is
initialized by the low level initialization data voltage Vo, an
initialization time may be insufficient when performing the
initialization through the data line DL.

[0183] Therefore, it is possible to supplement the insuffi-
cient time by turning on the second scanning signal SCAN2
in a multiple fashion by a horizontal time (HT). Conse-
quently, the second transistor T2 repeats turning on and off
by the horizontal time (HT).

[0184] In this manner, at the initialization step, the hold
node Nh is initialized to be in the shape of teeth by the low
level initialization data voltage Vo, as illustrated in FIG. 21,
according to the type of the data voltage Vdata+Vo and the
type of the second scanning signal SCAN2.

[0185] Except for this initialization step, the other opera-
tion (at the threshold voltage sensing step, the data writing
and mobility compensation step and the emission step) and
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the timing thereof are identical to those of the pixel having
the 4T3C pixel structure according to the second embodi-
ment.

[0186] Accordingly, voltage changes at the first node N1,
the second node N2 and the hold node Nh in the pixel having
the 3T3C pixel structure according to the fourth embodiment
illustrated in FIG. 21 are identical to voltage changes at the
first node N1, the second node N2 and the hold node Nh in
the pixel having the 4T3C pixel structure according to the
second embodiment illustrated in FIG. 11, except for a
voltage change at the hold node at the initialization step.
[0187] Descriptions of the other operation of the pixel
having the 3T3C pixel structure according to the fourth
embodiment at the threshold voltage sensing step, the data
writing and mobility compensation step and the emission
step and voltage changes at the nodes N1, N2 and Nh at
these steps will be omitted since they are identical to those
of the pixel having the 4T3C pixel structure according to the
second embodiment.

[0188] Reference will now be made to a 4T3C pixel
structure according to a fifth embodiment corresponding to
a modified embodiment of the fourth embodiment and the
operation of a pixel having the 3T3C pixel structure in
conjunction with FIGS. 22 and 23.

[0189] FIG. 22 is an equivalent circuit diagram illustrating
the pixel structure of an organic light-emitting display
device 100 according to the fifth exemplary embodiment of
the present invention.

[0190] Referring to FIG. 22, the pixel structure of each of
a plurality of pixels of the organic light-emitting display
device 100 according to the fifth embodiment is substan-
tially identical to the 3T3C pixel structure according to the
fourth embodiment illustrated in FIG. 19, except that a DC
driving voltage VDD is applied to a third node N3 of a
driving transistor DT and, for this, a third transistor T3
connected between a second node N2 of a driving transistor
DT and an initialization voltage line IVL is added.

[0191] Specifically, the driving transistor DT drives an
organic light-emitting diode (OLED), and includes a first
node N1 forming a gate node, a second node N2 connected
to the OLED and the third node N3 connected to the driving
voltage line DVL. The first transistor T1 is controlled by a
first scanning signal SCAN1, and is connected between a
source voltage line SVL and the first node N1 of the driving
transistor DT. The first storage capacitor Cstgl is connected
between the first node N1 and the second node N2 of the
driving transistor DT. The second storage capacitor Cstg2
and the boost capacitor Cboost are connected between the
first node N1 and the second node N2 of the driving
transistor DT. The connecting node between the second
storage capacitor and the boost capacitor forms a hold node
Nh. The second transistor T2 is controlled by a second
scanning signal SCAN2, and is connected between the hold
node Nh to which the second storage capacitor Cstg2 and the
boost capacitor Choost are connected and a data line DL.
[0192] The pixel structure of each of the plurality of pixels
of the organic light-emitting display device 100 according to
the fifth embodiment illustrated in FIG. 22 forms a 5T3C
pixel structure, since this pixel structure has one more
transistor (i.e. the third transistor T3) than the 4T3C pixel
structure according to the fourth embodiment illustrated in
FIG. 19.

[0193] The third transistor T3 added to the 5T3C pixel
structure according to the fifth embodiment is commonly
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controlled by the second scanning signal SCAN2 by which
the second transistor T2 is controlled.

[0194] With reference to FIG. 23, a description will be
given below of the operation of a pixel having the 5T3C
pixel structure according to the fifth embodiment illustrated
in FIG. 22.

[0195] Referring to FIG. 23, the operation timing of the
pixel having the 5T3C pixel structure according to the fifth
embodiment is substantially identical to the operation timing
of the pixel having the 4T3C pixel structure according to the
fourth embodiment illustrated in FIG. 20, except that a DC
driving voltage VDD is supplied and, consequently, an
initialization voltage Vini is applied to the second node N2
of the driving transistor DT through the third transistor T3
connected to the second node N2 of the driving transistor
DT.

[0196] According to the present invention as set forth
above, the organic light-emitting display device has the pixel
structure able to significantly improve threshold voltage
compensation capability and range by compensating for a
loss in a threshold voltage that would occur during opera-
tion.

[0197] That is, the use of the pixel structure according to
the certain embodiments of the present invention makes it
possible to store a relative threshold voltage in addition to an
absolute threshold voltage, thereby compensating for a loss
in the threshold voltage.

[0198] The organic light-emitting display device has the
pixel structure able to compensate for mobility and control
a mobility compensation time based on a capacitor design
within the pixel structure, thereby achieving a sufficient data
writing time.

[0199] That is, the use of the pixel structure according to
the certain embodiments of the invention makes it possible
to control a mobility sensing time to a desirable time using
an internal capacitor, thereby achieving a sufficient data
writing time.

[0200] The organic light-emitting display device has the
pixel structure having superior global uniformity character-
istics.

[0201] The foregoing descriptions and the accompanying
drawings have been presented in order to explain the certain
principles of the present invention. A person skilled in the art
to which the invention relates can make many modifications
and variations by combining, dividing, substituting for or
changing elements without departing from the principle of
the invention. The foregoing embodiments disclosed herein
shall be interpreted as illustrative only not as limitative of
the principle and scope of the invention. It should be
understood that the scope of the invention shall be defined
by the appended Claims and all of their equivalents fall
within the scope of the invention.

1.-14. (canceled)

15. An organic light-emitting display device comprising:

a display panel on which data lines and gate lines are
disposed to define a number of pixels;

a data driver driving the data lines;

a gate driver driving the gate lines; and

a timing controller controlling the data driver and the gate
driver,
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wherein each of the pixels comprises:
an organic light-emitting diode;
a driving transistor driving the organic light-emitting
diode, wherein the driving transistor includes a first
node forming a gate node, a second node connected
to the organic light-emitting diode and a third node
connected to a driving voltage line;
a first transistor controlled by a first scanning signal, the
first transistor being connected between a source
voltage line and the first node of the driving transis-
tor;
a first storage capacitor connected between the first
node and the second node of the driving transistor;
a second storage capacitor and a boost capacitor
between the first node and the second node of the
driving transistor; and
a second transistor controlled by a second scanning
signal, the second transistor being connected
between a hold node to which the second storage
capacitor and the boost capacitor are connected and
a corresponding data line of the data lines,.
wherein the first transistor is turned on and then turned
off,
during the period when the first transistor is turned on,
the second transistor repeats turning on and off, and
during the period when the first transistor is turned off,
the second transistor is turned on and then turned off
so that the organic light-emitting diode emits light.
16.-18. (canceled)
19. The organic light-emitting display device according to
claim 15, wherein a driving voltage supplied through the
driving voltage line is an alternating current voltage.
20. The organic light-emitting display device according to
claim 19, wherein the period during which the first transistor
is turned on includes a first period and a second period,
during the first period, the second transistor repeats turn-
ing on off, the drive voltage is a low level voltage, and

during the second period, the second transistor maintains
the turn-off state, and the drive voltage is a high level
voltage.

21. The organic light-emitting display device according to
claim 19, wherein the hold node is initialized by a voltage
applied through the corresponding data line, the voltage
applied through the data line comprises a low level initial-
ization data voltage and a high level data voltage alternating
with the low level initialization data voltage, and the second
transistor repeats turning on and off by a horizontal time.

22. The organic light-emitting display device according to
claim 15, wherein each of the pixels further comprises a
third transistor connected between the second node of the
driving transistor and an initialization voltage line.

23. The organic light-emitting display device according to
claim 22, wherein the third transistor being controlled by the
second scanning signal by which the second transistor is
controlled.

24. The organic light-emitting display device according to
claim 22, wherein a driving voltage supplied through the
driving voltage line being a direct current voltage.

25. The organic light-emitting display device according to
claim 22, wherein a an initialization voltage supplied
through the initialization voltage line being a direct current
voltage.
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