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Description

BACKGROUND

Technical Field

[0001] The present disclosure relates to an electroluminescent display.

Discussion of the Related Art

[0002] An electroluminescent display is classified into an inorganic electroluminescent display and an organic elec-
troluminescent display depending on a material of an emission layer. An active matrix organic light emitting diode (OLED)
display includes a plurality of OLEDs capable of emitting light by themselves and has many advantages, such as fast
response time, high emission efficiency, high luminance, wide viewing angle, and the like.
[0003] An OLED serving as a self-emitting element includes an anode, a cathode, and an organic compound layer
between the anode and the cathode. The organic compound layer typically includes a hole injection layer HIL, a hole
transport layer HTL, an emission layer EML, an electron transport layer ETL, and an electron injection layer EIL. When
a power voltage is applied to the anode and the cathode, holes passing through the hole transport layer HTL and electrons
passing through the electron transport layer ETL move to the emission layer EML and form excitons. Hence, the emission
layer EML generates visible light by the excitons.
[0004] An OLED display includes a plurality of pixels, each including an OLED and a thin film transistor (TFT), in a
matrix and adjusts a luminance of an image implemented on the pixels based on a grayscale of image data. The TFT
may include a driving TFT for adjusting an amount of current of an OLED depending on data and a switching TFT for
switching on and off a current path of a pixel circuit. The driving TFT controls a driving current flowing in the OLED
depending on a voltage (hereinafter, referred to as "a gate-to-source voltage") between a gate electrode and a source
electrode of the driving TFT. An amount of light emitted by the OLED and a luminance of an image are determined
depending on the driving current of the OLED.
[0005] When all the pixels are the same in driving characteristics such as a threshold voltage and electron mobility of
the driving TFT, the uniform image quality not having a difference in luminance and color between the pixels can be
implemented. However, there may be a difference in the driving characteristics between the pixels by various causes
including a process variation, etc. And, the difference in the driving characteristics between the pixels may increase
because the pixels have different deterioration progress speeds depending on a driving time of the OLED display. Thus,
an amount of the driving current flowing in the OLED is changed depending on the difference in the driving characteristics
between the pixels. As a result, non-uniformity of the pixels is caused.
[0006] In US 2006/0221662 A1, a display device includes a plurality of pixels, wherein each pixel includes: a light
emitting element; a first capacitor connected between a first node and a second node; a driving transistor having an
input terminal, an output terminal, and a control terminal connected to the second node where the driving transistor
supplies a driving current to the light emitting element to emit light; a first switching unit supplying a first reference voltage
to the driving transistor according to a first scanning signal and connecting the first node to a data voltage or the driving
transistor; and a second switching unit supplying a driving voltage to the driving transistor according to a second scanning
signal and connecting the first node to the data voltage. Accordingly, variations in threshold voltage of the driving transistor
can be compensated for so that it is possible to display a uniform image.
[0007] In EP 1 923 857 A2, a pixel includes an organic light emitting diode, a first transistor coupled to a scan line and
a data line, the first transistor being configured to receive a data signal via the data line when a scan signal is supplied
to the scan line, a storage capacitor configured to store voltage corresponding to the data signal received by the first
transistor, a second transistor configured to control an electric current from the first power source to the second power
source via the organic light emitting diode with respect to the voltage stored in the storage capacitor, and compensation
unit configured to adjust voltage at a gate electrode of the second transistor, the voltage adjustment being sufficient to
compensate for a deterioration degree of the organic light emitting diode.
[0008] In EP 2 219 174 A1, a pixel for an organic light emitting diode display is disclosed. The pixel includes an organic
light emitting diode, a dummy organic light emitting diode and a compensator configured to change the current received
by the organic light emitting diode according to the difference in threshold voltages of the organic light emitting diode
and the dummy organic light emitting diode.
[0009] In order to improve image quality and lifespan of the electroluminescent display, a compensation circuit for
compensating for the difference in the driving characteristics between the pixels is applied to the electroluminescent
display. The compensation circuit may use an internal compensation method and an external compensation method.
The internal compensation method samples a gate-to-source voltage of the driving TFT that is changed depending on
electrical characteristics of the driving TFT, using an internal compensation circuit inside the pixel. The internal com-
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pensation method compensates for a data voltage with the sampled gate-to-source voltage. The external compensation
method senses a voltage of the pixel, that is changed depending on electrical characteristics of the driving TFT, using
a sensing circuit connected to the pixel and modulates pixel data (or digital data) of an input image based on the sensed
voltage using an external compensation circuit.

SUMMARY

[0010] A luminance of an organic light emitting diode (OLED) in an internal compensation circuit may be affected by
a first supply voltage (hereinafter referred to as "VDD") of a pixel. In this instance, when the VDD varies depending on
a position of a pixel in a screen due to a voltage drop (i.e., "IR drop") of the VDD, there occurs a difference between a
current of the OLED and a required current of the pixel. Hence, an electroluminescent display cannot obtain the uniform
image quality. In order to reduce the voltage drop of the VDD, a width of a VDD line may increase. However, because
a width of a VDD line in a high resolution display panel needs to be narrowed and a length of the VDD line needs to be
long, there is a limit to improving the voltage drop of the VDD using a method of reducing a VDD resistance in a large-
screen display panel with high resolution.
[0011] A current may flow in the internal compensation circuit because the VDD and a reference voltage (hereinafter
referred to as "Vref") are short-circuited in an initialization operation for initializing the pixels. Such a short-circuit current
results in increasing power consumption and accelerating the deterioration of a thin film transistor (TFT) of the pixel.
[0012] With a trend toward a high resolution and a high-speed drive of electroluminescent displays, a difference in
driving characteristics between pixels cannot be sufficiently compensated by an existing compensation method. For
example, as a resolution and a driving frequency increase, one horizontal period, in which data is written to pixels on
one line of a display panel, may decrease. Therefore, a sampling period of a threshold voltage of a driving TFT allocated
during one horizontal period may decrease. When a time required to sample the threshold voltage of the driving TFT is
insufficient, an inaccurate sampling value of the threshold voltage of the driving TFT is obtained, thereby leading to a
difference in the driving characteristics between the pixels on the screen. The difference in the driving characteristics
between the pixels generates a luminance difference even when data of the same gray level is written to all the pixels,
and appears as a spot on the screen.
[0013] The present disclosure provides an electroluminescent display capable of compensating for a change in driving
characteristics of pixels in real time.
[0014] The object is solved by the features of the independent claims. Preferred embodiments are given in the de-
pendent claims.
[0015] An electroluminescent display according to the present disclosure includes a display panel including a plurality
of pixels, each of the plurality of pixels including subpixels. A pixel circuit of each subpixel includes a driving transistor
connected to an anode of an electroluminescent diode, the driving transistor and configured to drive the electrolumines-
cent diode, a first switching transistor connected to the driving transistor, the first switching transistor configured to supply
a first voltage to a gate electrode of the driving transistor in response to a first scan signal, a second switching transistor
connected to the driving transistor, the second switching transistor configured to supply a second voltage to the gate
electrode of the driving transistor in response to a second scan signal, a third switching transistor connected to the
second switching transistor and the driving transistor, the third switching transistor configured to supply the second
voltage to a first electrode of the driving transistor in response to the second scan signal, a fourth switching transistor
connected to the driving transistor, the fourth switching transistor configured to supply a first supply voltage to a second
electrode of the driving transistor in response to an emission control signal, a first capacitor connected between a first
node that is connected to the gate electrode of the driving transistor and a second node that is connected to the second
electrode of the driving transistor, and a second capacitor connected between the second node and a power supply line
supplied with the second voltage or the first supply voltage. A second supply voltage is applied to a cathode of the
electroluminescent diode, the second supply voltage lower than the first supply voltage. Thus, the electroluminescent
display according to the present disclosure can implement uniform image quality over the entire screen without designing
VDD lines at a low resistance and can reduce power consumption because the high potential driving voltage and a
reference voltage are not short-circuited.
[0016] An electroluminescent display according to the present disclosure includes a display panel including a plurality
of pixels each of the plurality of pixels including subpixels. A pixel circuit of each subpixel includes a driving transistor
connected to an anode of an electroluminescent diode, the driving transistor configured to drive the electroluminescent
diode, a switching circuit configured to supply a reference voltage that is less than a first supply voltage and greater than
a second supply voltage that is less than the first supply voltage to a gate electrode and a first electrode of the driving
transistor in response to a (n-1)th scan signal, the switching circuit configured to supply a data voltage to the gate
electrode of the driving transistor in response to an nth scan signal, and the switching circuit configured to supply the
first supply voltage to a second electrode of the driving transistor in response to an emission control signal, where n is
a positive integer, a first capacitor connected between a first node that is connected to the gate electrode of the driving
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transistor and a second node that is connected to the second electrode of the driving transistor, and a second capacitor
connected between the second node and a power supply line supplied with the reference voltage or the first supply
voltage. The second supply voltage is applied to a cathode of the electroluminescent diode. Thus, the electroluminescent
display according to the present disclosure can implement uniform image quality over the entire screen without designing
VDD lines at a low resistance and can reduce power consumption because the high potential driving voltage and the
reference voltage are not short-circuited.
[0017] An electroluminescent display according to the present disclosure includes a display panel including a plurality
of pixels, each of the plurality of pixels including subpixels. A pixel circuit of each subpixel includes a driving transistor
connected to an anode of an electroluminescent diode, the driving transistor configured to drive the electroluminescent
diode, a first switching transistor connected to the driving transistor, the first switching transistor configured to supply a
data voltage to a gate electrode of the driving transistor in response to an nth scan signal, where n is a positive integer,
a second switching transistor connected to the driving transistor, the second switching transistor configured to supply a
reference voltage that is less than a first supply voltage and greater than a second supply voltage that is less than the
first supply voltage to the gate electrode of the driving transistor in response to an (n-1)th scan signal, a third switching
transistor configured to supply the reference voltage to a first electrode of the driving transistor in response to the (n-
1)th scan signal, a fourth switching transistor connected to the driving transistor, the fourth switching transistor configured
to supply the first supply voltage to the second electrode of the driving transistor in response to an emission control
signal, a fifth switching transistor connected between the driving transistor and the electroluminescent diode, the fifth
switching transistor configured to form a current path between the second electrode of the driving transistor and the
anode of the electroluminescent diode in response to the emission control signal, a first capacitor connected between
a first node that is connected to the gate electrode of the driving transistor and a second node that is connected to the
second electrode of the driving transistor, and a second capacitor connected between the second node and a power
supply line supplied with the reference voltage or the first supply voltage. The second supply voltage is applied to a
cathode of the electroluminescent diode. Thus, the electroluminescent display according to the present disclosure can
implement uniform image quality over the entire screen without designing VDD lines at a low resistance and can reduce
power consumption because the high potential driving voltage and the reference voltage are not short-circuited.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification, illustrate embodiments of the disclosure and together with the
description serve to explain the principles of the disclosure. In the drawings:

FIG. 1 is a block diagram of an electroluminescent display according to an embodiment of the disclosure;
FIG. 2 is a circuit diagram of a pixel circuit according to a first embodiment of the disclosure;
FIG. 3 is a waveform diagram illustrating an operation of a pixel circuit shown in FIG. 2;
FIGS. 4 to 7 illustrate an operation of a pixel circuit shown in FIG. 3 in stages according to one embodiment;
FIG. 8 is a waveform diagram illustrating an example where an EM signal is modified at a pulse width modulation
(PWM) duty ratio equal to or less than 50 % during an emission period of a pixel;
FIG. 9 illustrates an example where a pulse width of a scan signal applied to a pixel circuit is extended according
to one embodiment;
FIG. 10 is a circuit diagram illustrating an example where a fifth switching thin film transistor (TFT) is added to a
pixel circuit shown in FIG. 2 according to one embodiment;
FIGS. 11 to 15 illustrate a pixel circuit and a method of driving the same according to a second embodiment of the
disclosure;
FIGS. 16 to 18 are circuit diagrams illustrating an example where a third capacitor is connected to a pixel circuit
according to one embodiment;
FIGS. 19 and 20 are waveform diagrams illustrating changes in a source-to-gate voltage of a driving TFT depending
on the presence or absence of a third capacitor;
FIGS. 21 to 23 are circuit diagrams illustrating an example where a connection relationship between second and
third switching TFTs of a pixel circuit is changed according to one embodiment;
FIG. 24 illustrates a pixel circuit and a method of driving the same according to a third embodiment of the disclosure;
FIG. 25 illustrates a pixel circuit and a method of driving the same according to a fourth embodiment of the disclosure;
FIG. 26 is a circuit diagram schematically illustrating one stage outputting a gate pulse in a shift register of a gate
driver according to one embodiment;
FIG. 27 is a waveform diagram illustrating an operation of a stage shown in FIG. 26;
FIG. 28 illustrates cascade-connected stages of a shift register of a gate driver according to one embodiment;
FIG. 29 illustrates a connection relationship between an output terminal of a scan driver outputting a scan signal
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shown in FIG. 3 and a screen display unit according to one embodiment;
FIG. 30 illustrates a connection relationship between an output terminal of a scan driver outputting a scan signal
shown in FIG. 9 and a screen display unit according to one embodiment;
FIG. 31 illustrates a connection relationship between an output terminal of an emission driver outputting an EM
signal shown in FIGS. 3 and 9 and a screen display unit according to one embodiment.

DETAILED DESCRIPTION

[0019] Reference will now be made in detail to embodiments of the present disclosure, examples of which are illustrated
in the accompanying drawings. However, the present disclosure is not limited to embodiments disclosed below, and
may be implemented in various forms. These embodiments are provided so that the present disclosure will be exhaustively
and completely described, and will fully convey the scope of the present disclosure to those skilled in the art to which
the present disclosure pertains. The present disclosure is only defined by the scope of the claims.
[0020] Shapes, sizes, ratios, angles, number, and the like illustrated in the drawings for describing embodiments of
the present disclosure are merely exemplary, and the present disclosure is not limited thereto. Like reference numerals
designate like elements throughout. In the following description, when a detailed description of well-known functions or
configurations related to this document is determined to unnecessarily cloud a gist of the invention, the detailed description
thereof will be omitted.
[0021] In the present disclosure, when the terms "include", "have", "comprised of", etc. are used, other components
may be added unless "- only" is used. A singular expression can include a plural expression as long as it does not have
an apparently different meaning in context.
[0022] In the explanation of components, even if there is no separate description, it is interpreted as including an error
range.
[0023] In the description of position relationship, when a structure is described as being positioned "on or above",
"under or below", "next to" another structure, this description should be construed as including a case in which the
structures contact each other as well as a case in which a third structure is disposed therebetween.
[0024] The terms "first", "second", etc. may be used to describe various components, but the components are not
limited by such terms. The terms are used only for the purpose of distinguishing one component from other components.
For example, a first component may be designated as a second component without departing from the scope of the
present invention.
[0025] The features of various embodiments of the present disclosure can be partially combined or entirely combined
with each other, and can be technically interlocking-driven in various ways. The embodiments can be independently
implemented, or can be implemented in conjunction with each other.
[0026] In embodiments of the disclosure, a gate driver may be directly formed on a substrate of a display panel.
Transistors constituting a pixel circuit and the gate driver may be implemented as thin film transistors (TFTs) of n-type
or p-type metal oxide semiconductor field effect transistor (MOSFET) structure. Each TFT (or each transistor) is a three-
electrode element including a gate, a source, and a drain. The source is an electrode for supplying carriers to the TFT.
The carriers inside the TFT begin to flow from the source. The drain is an electrode from which the carriers exit the TFT.
Namely, carriers in the MOSFET flow from the source to the drain. In the case of an n-type TFT (or an n-type MOSFET
(NMOS)), because carriers are electrons, a source voltage is less than a drain voltage so that electrons can flow from
a source to a drain. In the n-type TFT, because electrons flow from the source to the drain, a current flows from the drain
to the source. In the case of a p-type TFT (or a p-type MOSFET (PMOS)), because carriers are holes, a source voltage
is greater than a drain voltage so that holes can flow from a source to a drain. In the p-type TFT, because holes flow
from the source to the drain, a current flows from the source to the drain. It should be noted that the source and the
drain of the TFT are not fixed. For example, the source and the drain of the TFT may be changed depending on an
applied voltage. In the following embodiments of the disclosure, the source and the drain of the TFT may be referred to
as a first electrode and a second electrode. In other words, embodiments of the disclosure are not limited by the source
and the drain of the TFT.
[0027] The transistors constituting the pixel circuit and the gate driver according to an embodiment of the disclosure
may include at least one of an oxide TFT, an amorphous silicon (a-Si) TFT, and a low temperature polysilicon (LTPS) TFT.
[0028] In the following description, a gate-on voltage is a voltage of a gate signal capable of turning on a TFT, and a
gate-off voltage is a voltage of the gate signal capable of turning off a TFT. In the PMOS, the gate-on voltage is a gate
low voltage VGL, and the gate-off voltage is a gate high voltage VGH. In the NMOS, the gate-on voltage is a gate high
voltage VGH, and the gate-off voltage is a gate low voltage VGL.
[0029] Each pixel circuit according to an embodiment of the disclosure includes an electroluminescent diode driven
by a source-to-gate voltage Vsg or a gate-to-source voltage Vgs of a driving TFT. In the following embodiments of the
disclosure, an organic light emitting diode (OLED) is described as an example of the electroluminescent diode. However,
embodiments are not limited thereto.
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[0030] In the following embodiments of the disclosure, an organic light emitting diode (OLED) display is described as
an example of an electroluminescent display. However, embodiments are not limited thereto. For example, an inorganic
light emitting diode display including an inorganic light emitting material may be used. In addition, a quantum dot display
may be used.
[0031] Reference will now be made in detail to embodiments of the disclosure, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the disclosure.
[0032] Referring to FIG. 1, an electroluminescent display according to an embodiment of the disclosure includes a
display panel 100, a data driver 102, a gate driver 108, and a timing controller 110. The gate driver 108 includes a scan
driver 103 and an emission driver 104.
[0033] The display panel 100 includes a plurality of data lines 11 and a plurality of gate lines that intersect each other,
and pixels. A screen display unit AA of the display panel 100 displays data of an input image on a pixel array. The display
panel 100 further includes power supply lines commonly connected to adjacent pixels. The power supply lines includes
VDD (e.g., a first supply voltage) lines supplying a high potential driving voltage VDD to the pixels and Vref lines supplying
a reference voltage Vref less than the VDD to the pixels.
[0034] Referring to FIG. 2, the gate lines include a plurality of scan lines 12a and 12b supplied with scan signals
SCAN(n-1) and SCAN(n) and a plurality of emission control signal lines (hereinafter referred to as "EM signal lines")
12c supplied with an emission control signal (hereinafter referred to as "EM signal") EM(n).
[0035] Each pixel includes a red subpixel, a green subpixel, and a blue subpixel for the color representation. Each
pixel may further include a white subpixel. Each subpixel includes a pixel circuit illustrated in FIGS. 2 to 25.
[0036] One frame period includes a scan period, in which data is addressed to the pixels at each of display lines
connected to the pixels and data of an input image is written to each pixel, and an emission period Tem, in which the
pixels are repeatedly turned on and off in response to the EM signal EM(n) after the scan period. As shown in FIG. 3,
the scan period includes an initialization and sampling period Tis and a pixel driving voltage setting period Tw. The scan
period may further include a hold period Th, but the hold period Th may be minimized or omitted. During the scan period,
an initialization of the pixel circuit, a compensation for a threshold voltage of a driving TFT, charging of a data voltage
to a driving TFT, and an emission operation of the pixels are performed. Because the scan period, in which data is
addressed to the pixels, is only about one horizontal period, most of one frame period is the emission period Tem. The
pixels are charged with the data voltage in the scan period. The pixels display data at the same luminance using the
data voltage previously charged in pixels during one frame period while repeating a turn-on operation and a turn-off
operation in response to the EM signal EM(n) without additionally receiving the data voltage during the emission period
Tem following the scan period.
[0037] Referring to FIG. 1, the data driver 102 converts data of an input image received from the timing controller 110
into a gamma compensation voltage under the control of the timing controller 110 and generates a data voltage Vdata.
The data driver 102 outputs the data voltage Vdata to the data lines 11. The data voltage Vdata is supplied to the pixels
through the data lines 11.
[0038] Referring to FIGS. 1 to 3, the scan driver 103 sequentially supplies the scan signals SCAN(n-1) and SCAN(n)
to the scan lines 12a and 12b under the control of the timing controller 110. The (n-1)th scan signal SCAN(n-1) applied
to a (n-1)th display line is synchronized with a (n-1)th data voltage, where n is a positive integer. The nth scan signal
SCAN(n) applied to an nth display line is synchronized with an nth data voltage Vdata(n). In this instance, the (n-1)th
display line is connected to (n-1)th subpixels, and the nth display line is connected to nth subpixels. Because the (n-1)th
scan signal SCAN(n-1) and the nth scan signal SCAN(n) are applied to the nth display line, two scan lines share one
output terminal of the scan driver 103. Hence, the number of output terminals of the scan driver 103 can be reduced.
When the number of output terminals of the scan driver 103 is reduced as described above, an area occupied by the
gate driver 108 decreases. A size of a bezel area BZ corresponding to a non-display area can be reduced by a decreased
size of the occupied area of the gate driver 108.
[0039] The emission driver 104 generates the EM signal EM(n) under the control of the timing controller 110. The
emission driver 104 sequentially supplies the EM signal EM(n) to the EM signal lines 12c. As shown in FIG. 3, an off-
level pulse of the EM signal EM(n) is synchronized with on-level pulses of the (n-1)th and nth scan signals SCAN(n-1)
and SCAN(n) and a (n+1)th scan signal, and overlaps the on-level pulses of the (n-1)th, nth, and (n+1)th scan signals.
A voltage of the on-level pulse is generated as a gate-on voltage, and a voltage of the off-level pulse is generated as a
gate-off voltage. The timing controller 110 receives digital video data of an input image and a timing signal synchronized
with the digital video data from a host system. The timing signal includes a vertical sync signal Vsync, a horizontal sync
signal Hsync, a clock signal CLK, a data enable signal DE, and the like. The host system may be one of a television
system, a set-top box, a navigation system, a DVD player, a Blu-ray player, a personal computer (PC), a home theater
system, a mobile information device, and other systems that include or operate in conjunction with a display.
[0040] The timing controller 110 generates a data timing control signal for controlling operation timing of the data driver
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102 and a gate timing control signal for controlling operation timing of the gate driver 108 based on the timing signal
received from the host system. The gate timing control signal includes a start pulse, a shift clock, and the like. The start
pulse may define a start timing at which a first output is generated by each of shift registers of the scan driver 103 and
the emission driver 104. For example, the shift register starts to be driven when the start pulse is input, and generates
a first output signal at a first clock timing. The shift clock controls an output shift timing of the shift register.
[0041] FIGS. 2 and 3 are an equivalent circuit diagram and a waveform diagram illustrating an example of a pixel
circuit according to one embodiment. A pixel circuit 20 shown in FIG. 2 exemplifies an nth pixel circuit that is disposed
on an nth display line of the screen display unit AA and generates a current corresponding to an nth data voltage.
[0042] Referring to FIGS. 2 and 3, each pixel circuit 20 includes an OLED, a plurality of TFTs DT, T1, T2, T3, and T4,
first and second capacitors C1 and C2, and the like. In the embodiment of the disclosure, the TFTs are implemented as
PMOS transistors by way of example. The pixel circuit 20 is described below with reference to FIG. 1 as well as FIGS.
2 and 3.
[0043] The pixel circuit 20 includes an internal compensation circuit automatically sensing a threshold voltage of the
driving TFT DT. Because the switching TFTs T1 to T4 and the first and second capacitors C1 and C2 required in the
internal compensation circuit occupy a relatively small area, the embodiment of the disclosure can constitute the pixel
circuit 20 at a compact layout structure. Hence, embodiments of the disclosure can implement a high resolution display
device with high PPI (pixels per inch) having the small unit pixel size.
[0044] A pixel power, such as a high potential driving voltage VDD (e.g., a first supply voltage), a low potential power
voltage VSS (e.g., a second supply voltage), and a reference voltage Vref, is applied to an nth pixel circuit 20. The high
potential driving voltage VDD may be a DC voltage of 7V to 8V, the low potential power voltage VSS may be a DC
voltage of 0V, and the reference voltage Vref may be a DC voltage of 1V. However, embodiments are not limited thereto.
And, a pixel driving signal, such as a (n-1)th scan signal SCAN(n-1), an nth scan signal SCAN(n), and a data voltage
Vdata, is applied to the nth pixel circuit 20.
[0045] The scan signals SCAN(n-1) and SCAN(n) are supplied to the scan lines 12a and 12b by the scan driver 103.
An EM signal EM(n) is supplied to the EM signal lines 12c by the emission driver 104. The data voltage Vdata may be
a voltage between 0V and 5V generated by the data driver 102, but embodiments are not limited thereto. Each of the
scan signals SCAN(n-1) and SCAN(n) is generated to have a pulse width of one horizontal period 1H and swings between
the VGH and the VGL. In the embodiment of the disclosure, the TFTs DT and T1 to T4 are implemented as PMOS
transistors by way of example. Therefore, the gate-on voltage is the VGL, and the gate-off voltage is the VGH. For
example, the VGH may be about 10V, and the VGL may be about -6V. However, embodiments are not limited thereto.
[0046] Referring to FIG. 3, the nth scan signal SCAN(n) synchronized with the nth data voltage Vdata(n) is supplied
to the nth pixel circuit 20 subsequent to the (n-1)th scan signal SCAN(n-1). An operation of the pixel circuit 20 may be
dividedly performed in an initialization and sampling period Tis, a pixel driving voltage setting period Tw, and an emission
period Tem. An on-level pulse of the (n-1)th scan signal SCAN(n-1) is input to the nth pixel circuit 20 during the initialization
and sampling period Tis, and the (n-1)th scan signal SCAN(n-1) is held at the gate-off voltage during a remaining period
except the initialization and sampling period Tis. An on-level pulse of the nth scan signal SCAN(n) is input to the nth
pixel circuit 20 during the pixel driving voltage setting period Tw, and the nth scan signal SCAN(n) is held at the gate-
off voltage during a remaining period except the pixel driving voltage setting period Tw. An off-level pulse of the EM
signal EM(n) is generated as the gate-off voltage during about three horizontal periods overlapping the (n-1)th and nth
scan signals SCAN(n-1) and SCAN(n). A voltage of the EM signal EM(n) is inverted between the gate-on voltage and
the gate-off voltage at a predetermined pulse width modulation (PWM) duty ratio during the emission period Tem and
switches on and off a current of the OLED.
[0047] The OLED emits light using an amount of current, that is adjusted by the driving TFT DT depending on the data
voltage Vdata, and represents a luminance corresponding to a grayscale of data of an input image. The VDD of 7V to
8V, the VSS of 0V, the Vref of 1V, and the Vdata of 0V to 5V may be applied to the pixel circuit 20 illustrated in FIGS.
2 and 3. As the data voltage Vdata decreases, a source-to-gate voltage Vsg of the driving TFT DT increases. Hence, a
luminance of the pixel increases. When the source-to-gate voltage Vsg of the driving TFT DT increases, an emission
amount of the OLED increases because the current of the OLED increases. Thus, in the pixel circuit 20 illustrated in
FIGS. 2 and 3, the luminance of the pixel increases as the data voltage Vdata decreases, and the luminance of the pixel
decreases as the data voltage Vdata increases.
[0048] A current path of the OLED is switched on and off by the fourth switching TFT T4 that is controlled in response
to the EM signal EM(n). The OLED includes an anode, a cathode, and an organic compound layer between the anode
and the cathode. The organic compound layer may include an emission layer EML and at least one of a hole injection
layer HIL, a hole transport layer HTL, an electron transport layer ETL, and an electron injection layer EIL. However,
embodiments are note limited thereto. Referring to FIG. 2, the anode of the OLED is connected to a drain of the driving
TFT DT via a third node DTD, and the cathode of the OLED is connected to a VSS electrode supplied with the VSS.
[0049] The driving TFT DT is a driving element for controlling a current Ioled flowing in the OLED depending on the
source-to-gate voltage Vsg of the driving TFT DT. The driving TFT DT includes a gate connected to a first node DTG,
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a source connected to a second node DTS, and the drain connected to the third node DTD.
[0050] The first capacitor C1 is connected between the first node DTG and the second node DTS. The second capacitor
C2 includes a first electrode receiving a voltage from a VDD line 13 or a Vref line 14 and a second electrode connected
to the second node DTS.
[0051] A switching circuit (for example, the first to fourth switching TFTs T1 to T4) of the pixel circuit 20 supplies the
reference voltage Vref to the gate and the drain of the driving TFT DT in response to the on-level pulse of the (n-1)th
scan signal SCAN(n-1) and then supplies the data voltage Vdata(n) to the gate of the driving TFT DT in response to the
on-level pulse of the nth scan signal SCAN(n). And, the switching circuit supplies the high potential driving voltage VDD
greater than the reference voltage Vref to the source of the driving TFT DT in response to the gate-on voltage after the
off-level pulse of the EM signal EM(n).
[0052] The first switching TFT T1 is a switching element for supplying a first voltage to the first node DTG in response
to the nth scan signal SCAN(n). The first voltage is the data voltage Vdata(n) synchronized with the nth scan signal
SCAN(n). The first switching TFT T1 includes a gate connected to the first scan line 12a, a drain connected to the data
line 11, and a source connected to the first node DTG. The nth scan signal SCAN(n) is generated as the gate-on voltage
during the pixel driving voltage setting period Tw and is supplied to the nth pixel circuit 20 via the first scan line 12a.
[0053] The second switching TFT T2 is a switching element for supplying a second voltage to the first node DTG in
response to the (n-1)th scan signal SCAN(n-1). The second voltage is the reference voltage Vref that is greater than
the VSS and less than the VDD. The on-level pulse of the (n-1)th scan signal SCAN(n-1) is earlier than the on-level
pulse of the nth scan signal SCAN(n). The second switching TFT T2 includes a gate connected to the second scan line
12b, a source connected to the Vref line 14, and a drain connected to the first node DTG. The (n-1)th scan signal SCAN(n-
1) is supplied to the nth pixel circuit 20 through the second scan line 12b. At the same time, the (n-1)th scan signal
SCAN(n-1) is synchronized with the (n-1)th data voltage and may be supplied to a (n-1)th pixel circuit 20 disposed on
the (n-1)th display line of the screen display unit AA. The (n-1)th scan signal SCAN(n-1) is supplied to the nth pixel circuit
20 as the gate-on voltage during the initialization and sampling period Tis.
[0054] The third switching TFT T3 is a switching element for supplying the reference voltage Vref to the third node
DTD in response to the (n-1)th scan signal SCAN(n-1). The third switching TFT T3 includes a gate connected to the
second scan line 12b, a source connected to the Vref line 14, and a drain connected to the third node DTD.
[0055] The fourth switching TFT T4 is a switching element for switching on and off the current flowing in the OLED in
response to the EM signal EM(n). The fourth switching TFT T4 includes a gate connected to the EM signal line 12c, a
source connected to the VDD line 13, and a drain connected to the second node DTS. The EM signal EM(n) is supplied
to the nth pixel circuit 20 via the EM signal line 12c.
[0056] An operation of the pixel circuit 20 is described below with reference to FIGS. 4 to 7.
[0057] As shown in FIG. 4, during the emission period Tem prior to the initialization and sampling period Tis, the EM
signal EM(n) is generated as the gate-on voltage, and the fourth switch TFT T4 is turned on. In this instance, the fourth
switching TFT T4 and the driving TFT DT are turned on, and the first to third switching TFTs T1, T2, and T3 maintain
an off-state. Hence, the current Ioled flows in the OLED, and a voltage of the second node DTS is set to the VDD.
[0058] Referring to FIG. 5, when the initialization and sampling period Tis starts, a voltage of the (n-1)th scan signal
SCAN(n-1) is inverted to the gate-on voltage, and a voltage of the EM signal EM(n) is inverted to the gate-off voltage.
During the initialization and sampling period Tis, a voltage of the nth scan signal SCAN(n) is held at the gate-off voltage.
During the initialization and sampling period Tis, the second and third switching TFTs T2 and T3 are turned on in response
to the on-level pulse of the (n-1)th scan signal SCAN(n-1), and the reference voltage Vref is applied to the first and third
nodes DTG and DTD through the second and third switching TFTs T2 and T3. Thus, during the initialization and sampling
period Tis, voltages of the first and third nodes DTG and DTD are initialized to the reference voltage Vref. Because a
voltage of Vref + IVthl is applied to the second node DTS during the initialization and sampling period Tis, a threshold
voltage Vth of the driving TFT DT is stored in the first capacitor C1. Thus, during the initialization and sampling period
Tis, the threshold voltage Vth of the driving TFT DT is sensed.
[0059] Because the fourth switching TFT T4 is turned off during the initialization and sampling period Tis, the VDD
and the Vref are not short-circuited in the pixel circuit 20. Thus, an increase in power consumption, the deterioration of
the pixels, and a reduction in the reliability resulting from the short circuit of the VDD and the Vref in the pixel circuit 20
can be minimized or prevented.
[0060] During the initialization and sampling period Tis, when the VDD is applied to one electrode of the second
capacitor C2, a voltage of the second capacitor C2 is |Vref + |Vth| - VDD|. And, when the Vref is applied to one electrode
of the second capacitor C2, a voltage of the second capacitor C2 is |Vref + |Vth| - Vref| = |Vth|. During the initialization
and sampling period Tis, a change in VDD is reflected both at the node DTG and the node DTS.
[0061] The pixel circuit 20 operates in the pixel driving voltage setting period Tw subsequent to the initialization and
sampling period Tis. As shown in FIG. 6, when the pixel driving voltage setting period Tw starts, a voltage of the nth
scan signal SCAN(n) is inverted to the gate-on voltage, and a voltage of the (n-1)th scan signal SCAN(n-1) is inverted
to the gate-off voltage. During the pixel driving voltage setting period Tw, a voltage of the EM signal EM(n) is held at the
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gate-off voltage. During the pixel driving voltage setting period Tw (i.e., during one horizontal period 1H), the first switching
TFT T1 is turned on in response to the on-level pulse of the nth scan signal SCAN(n) and applies the data voltage Vdata
to the first node DTG. During the pixel driving voltage setting period Tw, the remaining TFTs T2 to T4 and DT except
the first switching TFT T1 are turned off. During the pixel driving voltage setting period Tw, the first node DTG is charged
with the data voltage Vdata. During the pixel driving voltage setting period Tw, a voltage of the second node DTS is

changed to  due to the coupling through the first capacitor C1.
[0062] During the pixel driving voltage setting period Tw, when the VDD is applied to one electrode of the second

capacitor C2, a voltage of the second capacitor C2 is Vref + |Vth| +  And, when
the Vref is applied to one electrode of the second capacitor C2, a voltage of the second capacitor C2 is

   
[0063] During the hold period Th subsequent to the pixel driving voltage setting period Tw, a voltage of the nth scan
signal SCAN(n) is inverted to the gate-off voltage, and voltages of the (n-1)th scan signal SCAN(n-1) and the EM signal
EM(n) are maintained at a previous level. During the hold period Th, voltages of the first and second nodes DTG and
DTS may be changed by a kickback voltage generated when the voltage of the nth scan signal SCAN(n) is changed to
the gate-off voltage.
[0064] As shown in FIG. 7, when the emission period Tem starts after the hold period Th, the scan signals SCAN(n-
1) and SCAN(n) are held at the gate-off voltage, and the EM signal EM(n) is inverted to the gate-on voltage. In this
instance, a voltage of the second node DTS is changed to the VDD, and a voltage of the first node DTG (i.e., a gate

voltage of the driving TFT DT) is changed to 
Hence, the source-to-gate voltage Vsg of the driving TFT DT determining a current amount (e.g., a magnitude) of the
OLED is set. In this instance, a current Ioled represented by the following Equation 1 flows in the OLED. 

where K is a constant determined by mobility, a parasitic capacitance, a channel capacity, etc. of the driving TFT DT,
and Vth is a threshold voltage of the driving TFT DT.
[0065] As can be seen from the above Equation 1, the current Ioled of the OLED in the embodiment of the disclosure
is not affected by VDD as a change in the first supply voltage is reflected both at node DTG and node DTS during the
emission period where the OLED emits light. When the non-uniformity of the image quality is generated by a voltage
drop of the VDD line, a resistance of the VDD line may decrease by forming the VDD lines in a mesh shape. However,
in case of a display panel with high resolution, because a width of a VDD line has to decrease due to a decrease in an
area corresponding to pixels, there is a limit to a reduction in a resistance of the VDD line. And, in case of a large-screen
display panel, because a power supply path is lengthened to the inside of the screen display unit AA, a resistance of
the VDD line increases. Thus, the embodiment of the disclosure can uniformize the luminance and the color of the pixels
over the entire screen without designing the VDD lines at a low resistance or forming the VDD lines in the mesh shape
because the current of the OLED is not affected by the VDD. Hence, the embodiment of the disclosure can implement
the uniform image quality of a display panel with high resolution having the small pixel size. And, the embodiment of the
disclosure can provide a large-screen display panel having the improved luminance and image quality. Because the
embodiment of the disclosure can compensate for the voltage drop of the VDD line, the embodiment of the disclosure
can achieve the above effects without forming the VDD lines in the mesh shape.
[0066] During the emission period Tem, the voltage of the first node DTG is Vdata + VDD -
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 and the voltage of the second node DTS is the VDD. Therefore,
a voltage of the first capacitor C1 storing a voltage difference between the first node DTG and the second node DTS is

 During the emission period Tem, when the VDD is applied to one electrode
of the second capacitor C2, a voltage of the second capacitor C2 is |VDD - VDD| = 0V. And, when the Vref is applied
to one electrode of the second capacitor C2, a voltage of the second capacitor C2 is |VDD - Vref|.
[0067] As can be seen from FIGS. 2 to 7, the embodiment of the disclosure can control a time (i.e., a time between
the emission period Tem and the pixel driving voltage setting period Tw), for which the anode of the OLED is floated
during an off-period of the EM signal EM(n) in the pixel circuit 20, to be a very short time interval, thereby minimizing an
increase in a luminance of a black gray level or a reduction in a contrast ratio. Hence, the display quality can be improved.
The black gray level is a minimum gray value, for example, 00000000(2) of pixel data. A luminance of the pixel at the
black gray level may be a minimum luminance. Thus, because a time, for which the anode of the OLED is floated after
the EM signal EM(n) is inverted to the gate-off voltage, may be set to a short time internal, the display quality of the
electroluminescent display can be improved.

[0068] In Equation 1,  is a gain of the data voltage Vdata. The gain may be properly selected in consideration
of a voltage range of a driver IC into which the circuit of the data driver 102 is integrated, power consumption of the data
driver 102, a grayscale representation capability, etc. In Equation 1, the gain is close to "1" as a value of C2 increases,
and the gain is close to zero as the value of C2 decreases. The first capacitor C1 is a capacitor storing the source-to-
gate voltage Vsg (or the gate-to-source voltage Vgs) of the driving TFT DT. As a capacitance of the first capacitor C1
increases, the first capacitor C1 has a stable voltage holding capability. However, the gain decreases. As the gain
decreases, a data voltage range of the data driver 102 increases. An increase in the data voltage range of the data
driver 102 may lead to an increase in the power consumption of the data driver 102. When the data voltage range of
the data driver 102 increases as the gain decreases, the detailed grayscale representation can be performed. Thus,
because the data voltage range of the data driver 102 can be controlled depending on a capacitor ratio in the pixel, the
detailed grayscale representation can be performed. In embodiments, the capacitor ratio may be a ratio of capacitances
of the first and second capacitors C1 and C2.
[0069] FIG. 8 is a waveform diagram illustrating an example where an EM signal is modified at a PWM duty ratio equal
to or less than 50 % during an emission period of a pixel.
[0070] In FIG. 8, "SCAN1(1)" and "EM(1)" are a first scan signal and a first EM signal applied to pixels arranged on a
first display line of the display panel 100, respectively, and "SCAN1(2)" and "EM(2)" are a second scan signal and a
second EM signal applied to pixels arranged on a second display line of the display panel 100, respectively. When the
EM signal EM is switched on and off at a PWM duty ratio equal to or less than 50% during the emission period Tem
after data is addressed to the pixels during a scan period, a flicker and image sticking can decrease. Hence, the image
quality can be improved. And, because the Vsg of the driving TFT DT may be stored in the first capacitor C1 during the
off-period of the EM signal EM in the emission period Tem, a stable duty drive can be performed without additionally
writing data to the pixels.
[0071] Because the first and second switching TFTs T1 and T2 have the long off-period, they are weak to a leakage
current. As shown in FIGS. 2 to 7, the first and second switching TFTs T1 and T2 may be transistors with a dual gate
structure, in which there is a small leakage current, in consideration of this. If the first and second switching TFTs T1
and T2 are transistors having a very small leakage current, they may have a single gate structure. Transistors having
a very small leakage current may be oxide transistors (oxide TFT).
[0072] FIG. 9 illustrates an example where a pulse width of a scan signal applied to a pixel circuit is extended.
[0073] Referring to FIG. 9, a pixel circuit 20 of FIG. 9 is substantially the same as the pixel circuit 20 shown in FIGS.
2 to 7, except that pulse widths of scan signals SCAN1 and SCAN2 are differently set from those shown in FIGS. 2 to
7. In FIG. 9, a pulse width of the second scan signal SCAN2 defining an initialization and sampling period Tis is differently
set from a pulse width of the first scan signal SCAN1 synchronized with the data voltage Vdata. For example, FIG. 9
illustrates that a pulse width of the second scan signal SCAN2 is set to be longer in duration than a pulse width of the
first scan signal SCAN1. However, embodiments are not limited thereto. The pulse width of the second scan signal
SCAN2 may be adjusted in consideration of a resolution and panel characteristics.
[0074] Since an OLED, a driving TFT DT, capacitors C1 and C2, and a fourth switching TFT T4 included in the pixel
circuit 20 of FIG. 9 are substantially the same as those described above, a further description may be briefly made or
may be entirely omitted.
[0075] A first switching TFT T1 is a switching element for supplying the data voltage Vdata(n) to a first node DTG in
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response to the first scan signal SCAN1. The first switching TFT T1 includes a gate connected to a first scan line supplied
with the first scan signal SCAN1, a drain connected to a data line 11, and a source connected to the first node DTG.
The first scan signal SCAN1 is generated as a gate-on voltage during a pixel driving voltage setting period Tw of one
frame period and is held as a gate-off voltage during a remaining period excluding the pixel driving voltage setting period
Tw from the one frame period.
[0076] The second switching TFT T2 is a switching element for supplying a reference voltage Vref to the first node
DTG in response to the second scan signal SCAN2. The second switching TFT T2 includes a gate connected to a
second scan line supplied with the second scan signal SCAN2, a source connected to a Vref line 14, and a drain
connected to the first node DTG. The second scan signal SCAN2 is generated as the gate-on voltage during an initial-
ization and sampling period Tis prior to the pixel driving voltage setting period Tw and is held as a gate-off voltage during
a remaining period excluding the initialization and sampling period Tis from the one frame period.
[0077] The third switching TFT T3 is a switching element for supplying the reference voltage Vref to a third node DTD
in response to the second scan signal SCAN2. The third switching TFT T3 includes a gate connected to the second
scan line supplied with the second scan signal SCAN2, a source connected to the Vref line 14, and a drain connected
to the third node DTD.
[0078] Because one horizontal period 1H decreases as a resolution of a display panel increases, the one horizontal
period 1H is insufficient to sense a threshold voltage Vth of the driving TFT DT. In this instance, if the pulse width of the
separate second scan signal SCAN2 independent from the data voltage Vdata increases, a sensing time of the driving
TFT DT can be sufficiently secured. Thus, the embodiment of the disclosure can sufficiently secure a compensation
time of a display panel with high resolution.
[0079] FIG. 10 is a circuit diagram illustrating an example where a fifth switching TFT is added to the pixel circuit
shown in FIG. 2. Structures and components identical or equivalent to those illustrated in FIGS. 1 to 9 are designated
with the same reference numerals in FIG. 10, and a further description may be briefly made or may be entirely omitted.
[0080] Referring to FIG. 10, a pixel circuit 30 includes a fifth switching TFT T5 between a third node DTD and an anode
of an OLED. Since an OLED, a driving TFT DT, capacitors C1 and C2, and first to fourth switching TFTs T1 to T4 included
in the pixel circuit 30 of FIG. 10 are substantially the same as those described above, a further description may be briefly
made or may be entirely omitted.
[0081] The fifth switching TFT T5 cuts off a current path between the driving TFT DT and the OLED during an initialization
and sampling period Tis, thereby preventing the OLED from unwillingly emitting light. When the OLED emits light during
the initialization and sampling period Tis, a luminance of a black gray level may increase. Hence, a contrast ratio may
be reduced. In particular, when the nodes DTG, DTS and DTD of the pixel circuit 30 are initialized during the initialization
and sampling period Tis when the host system requires a high reference voltage Vref, a voltage of the anode of the
OLED increases. Hence, a current may flow in the OLED, and the OLED may emit light. Namely, in order to prevent the
OLED from emitting light in a remaining period excluding an emission period Tem from one frame period, the fifth
switching TFT T5 cuts off a current path connected to the OLED in response to an EM signal EM(n) during the initialization
and sampling period Tis and connects a current path between the driving TFT DT and the OLED during the emission
period Tem.
[0082] The fifth switching TFT T5 is turned on and off at the same time as the fourth switching TFT T4 in response to
the EM signal EM(n). The fifth switching TFT T5 includes a gate connected to an EM signal line 12c supplied with the
EM signal EM(n), a source connected to the third node DTD, and a drain connected to the anode of the OLED.
[0083] The pixels may be driven in a direct gamma driving method in which a luminance of the pixels increases as
the data voltage Vdata increases in accordance with the host system. In this instance, as shown in FIGS. 11 to 15, the
direct gamma driving method can be implemented by reversing a data voltage application path and a reference voltage
application path of the pixel circuit and increasing the reference voltage without changing the above-described pixel
circuits 20 and 30.
[0084] FIGS. 11 to 15 illustrate a pixel circuit and a method of driving the same according to a second embodiment
of the disclosure. A pixel circuit 40 shown in FIGS. 11 to 15 illustrates an example where a data voltage application path
and a reference voltage application path are reversed in the pixel circuit 20 shown in FIGS. 2 to 7. Although not shown,
an example where a data voltage application path and a reference voltage application path are reversed in the pixel
circuit 30 shown in FIG. 10 may be used in the pixel circuit 40 shown in FIGS. 11 to 15.
[0085] Referring to FIG. 11, each pixel circuit 40 includes an OLED, a plurality of TFTs DT, T11, T12, T13 and T4,
first and second capacitors C1 and C2, and the like.
[0086] A pixel power, such as a high potential driving voltage VDD, a low potential power voltage VSS, and a reference
voltage Vref, is applied to an nth pixel circuit 40. The high potential driving voltage VDD may be a DC voltage of 7V to
8V, the low potential power voltage VSS may be a DC voltage of 0V, and the reference voltage Vref may be a DC voltage
of 4V to 5V. However, embodiments are not limited thereto. And, a pixel driving signal, such as an nth scan signal
SCAN(n), a (n+1)th scan signal SCAN(n+1), and a data voltage Vdata, is applied to the nth pixel circuit 40.
[0087] The scan signals SCAN(n) and SCAN(n+1) are supplied to scan lines 12a and 12d by a scan driver 103. An
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EM signal EM(n) is supplied to EM signal lines 12c by an emission driver 104. The data voltage Vdata may be a voltage
between 0V and 5V generated by a data driver 102, but embodiments are not limited thereto. Each of the scan signals
SCAN(n) and SCAN(n+1) is generated to have a pulse width of one horizontal period 1H and swings between the VGH
and the VGL. In the embodiment of the disclosure, the TFTs DT, T11, T12, T13 and T4 are implemented as PMOS
transistors by way of example. Therefore, a gate-on voltage is the VGL, and a gate-off voltage is the VGH. The VGH
may be about 10V, and the VGL may be about -6V. However, embodiments are not limited thereto.
[0088] An operation of the pixel circuit 40 shown in FIG. 11 may be dividedly performed in an initialization and sampling
period Tis, a pixel driving voltage setting period Tw, and an emission period Tem. A hold period Th may exist between
the pixel driving voltage setting period Tw and the emission period Tem, but may be omitted. An on-level pulse of the
nth scan signal SCAN(n) is input to the nth pixel circuit 40 during the initialization and sampling period Tis, and the nth
scan signal SCAN(n) is held at the gate-off voltage during a remaining period except the initialization and sampling
period Tis. An on-level pulse of the (n+1)th scan signal SCAN(n+1) is input to the nth pixel circuit 40 during the pixel
driving voltage setting period Tw, and the (n+1)th scan signal SCAN(n+1) is held at the gate-off voltage during a remaining
period except the pixel driving voltage setting period Tw. An off-level pulse of the EM signal EM(n) is generated as the
gate-off voltage during about three horizontal periods overlapping the nth and (n+1)th scan signals SCAN(n) and
SCAN(n+1). A voltage of the EM signal EM(n) is inverted between the gate-on voltage and the gate-off voltage at a
predetermined PWM duty ratio during the emission period Tem and switches on and off a current of the OLED.
[0089] The OLED emits light using an amount of current, that is adjusted by the driving TFT DT depending on the data
voltage Vdata, and represents a luminance corresponding to a grayscale of data of an input image. The VDD of 7V to
8V, the VSS of 0V, the Vref of 4V to 5V, and the Vdata of 0V to 5V may be applied to the pixel circuit 40 illustrated in
FIGS. 11 to 15. As the data voltage Vdata increases, a source-to-gate voltage Vsg of the driving TFT DT increases.
Hence, a luminance of the pixel increases. When the source-to-gate voltage Vsg of the driving TFT DT increases, an
emission amount of the OLED increases because the current of the OLED increases. Thus, in the pixel circuit 40 illustrated
in FIGS. 11 to 15, the luminance of the pixel increases as the data voltage Vdata increases, and the luminance of the
pixel decreases as the data voltage Vdata decreases.
[0090] The pixel circuit 40 shown in FIGS. 11 to 15 according to the second embodiment has substantially the same
circuit structure as the pixel circuits 20 and 30 according to the first embodiment, except that a switching TFT supplied
with the data voltage and a switching TFT supplied with the reference voltage are reversed. Structures and components
identical or equivalent to those described in the first embodiment are designated with the same reference numerals in
the second embodiment, and a further description may be briefly made or may be entirely omitted. The OLED, the driving
TFT DT, the fourth switching TFT T4, and the first and second capacitors C1 and C2 included in the pixel circuit 40 have
substantially the same connection relationship as those described in the first embodiment.
[0091] The first switching TFT T11 is a switching element for supplying a first voltage to a first node DTG in response
to the (n+1)th scan signal SCAN(n+1). The first voltage is the reference voltage Vref that is greater than the VSS and
less than the VDD. The on-level pulse of the (n+1)th scan signal SCAN(n+1) is later than the on-level pulse of the nth
scan signal SCAN(n). The first switching TFT T11 includes a gate connected to a second scan line 12d, a source
connected to a Vref line 14, and a drain connected to the first node DTG. The (n+1)th scan signal SCAN(n+1) is generated
as the gate-on voltage during the pixel driving voltage setting period Tw and is supplied to the nth pixel circuit 40 via the
second scan line 12d.
[0092] The second switching TFT T12 is a switching element for supplying a second voltage to the first node DTG in
response to the nth scan signal SCAN(n) synchronized with the data voltage Vdata. The second voltage is the data
voltage Vdata. The second switching TFT T12 includes a gate connected to a first scan line 12a, a source connected
to a data line 11, and a drain connected to the first node DTG. The nth scan signal SCAN(n) is generated as the gate-
on voltage during the initialization and sampling period Tis and is supplied to the nth pixel circuit 40 via the first scan
line 12a.
[0093] The third switching TFT T13 is a switching element for supplying the data voltage Vdata to a third node DTD
in response to the nth scan signal SCAN(n) synchronized with the data voltage Vdata. The third switching TFT T13
includes a gate connected to the first scan line 12a, a source connected to the data line 11, and a drain connected to
the third node DTD.
[0094] A method of driving the pixel circuit 40 shown in FIG. 11 is described with reference to FIGS. 12 to 15.
[0095] As shown in FIG. 12, during the emission period Tem prior to the initialization and sampling period Tis, the EM
signal EM(n) is generated as the gate-on voltage, and the fourth switch TFT T4 is turned on. In this instance, the fourth
switching TFT T4 and the driving TFT DT are turned on, and the first to third switching TFTs T11, T12, and T13 maintain
an off-state. Hence, a current Ioled flows in the OLED, and a voltage of a second node DTS is set to the VDD.
[0096] Referring to FIG. 13, during the initialization and sampling period Tis, a voltage of the nth scan signal SCAN(n)
is inverted to the gate-on voltage, and a voltage of the EM signal EM(n) is inverted to the gate-off voltage. During the
initialization and sampling period Tis, a voltage of the (n+1)th scan signal SCAN(n+1) is held at the gate-off voltage.
During the initialization and sampling period Tis (i.e., one horizontal period 1H), the second and third switching TFTs



EP 3 343 552 B1

13

5

10

15

20

25

30

35

40

45

50

55

T12 and T13 are turned on in response to the on-level pulse of the nth scan signal SCAN(n) synchronized with the data
voltage Vdata(n), and the data voltage Vdata(n) is applied to the first and third nodes DTG and DTD through the second
and third switching TFTs T12 and T13. Thus, during the initialization and sampling period Tis, voltages of the first and
third nodes DTG and DTD are initialized to the data voltage Vdata(n). Because a voltage of Vdtata + IVthl is applied to
the second node DTS during the initialization and sampling period Tis, a threshold voltage Vth of the driving TFT DT is
stored in the first capacitor C1. Thus, during the initialization and sampling period Tis, the threshold voltage Vth of the
driving TFT DT is sensed.
[0097] Because the fourth switching TFT T4 is turned off during the initialization and sampling period Tis, the VDD
and the Vref are not short-circuited in the pixel circuit 40. Thus, an increase in power consumption, the deterioration of
the pixels, and a reduction in the reliability resulting from the short-circuit of the VDD and the Vref in the pixel circuit 40
can be minimized or prevented.
[0098] During the initialization and sampling period Tis, when the VDD is applied to one electrode of the second
capacitor C2, a voltage of the second capacitor C2 is |Vdata + |Vth| - VDD|. And, when the Vref is applied to one electrode
of the second capacitor C2, a voltage of the second capacitor C2 is |Vdata + |Vth| - Vref|.
[0099] The pixel circuit 40 operates in the pixel driving voltage setting period Tw subsequent to the initialization and
sampling period Tis. As shown in FIG. 14, when the pixel driving voltage setting period Tw starts, a voltage of the (n+1)th
scan signal SCAN(n+1) is inverted to the gate-on voltage, and a voltage of the nth scan signal SCAN(n) is inverted to
the gate-off voltage. During the pixel driving voltage setting period Tw, a voltage of the EM signal EM(n) is held at the
gate-off voltage. During the pixel driving voltage setting period Tw, the first switching TFT T11 is turned on in response
to the on-level pulse of the (n+1)th scan signal SCAN(n+1) and applies the reference voltage Vref to the first node DTG.
During the pixel driving voltage setting period Tw, the remaining TFTs, i.e., the second to fourth TFTs T12, T13 and T4
and the driving TFT DT except the first switching TFT T11 are turned off. During the pixel driving voltage setting period
Tw, the first node DTG is charged with the reference voltage Vref. During the pixel driving voltage setting period Tw, a

voltage of the second node DTS is changed to  due to the coupling
through the first capacitor C1.
[0100] During the pixel driving voltage setting period Tw, when the VDD is applied to one electrode of the second

capacitor C2, a voltage of the second capacitor C2 is Vdata + |Vth| +  And,
when the Vref is applied to one electrode of the second capacitor C2, a voltage of the second capacitor C2 is

 Vref.
[0101] During the hold period Th subsequent to the pixel driving voltage setting period Tw, a voltage of the (n+1)th
scan signal SCAN(n+1) is inverted to the gate-off voltage, and voltages of the nth scan signal SCAN(n) and the EM
signal EM(n) are maintained at a previous level. During the hold period Th, voltages of the first and second nodes DTG
and DTS may be changed by a kickback voltage generated when the voltage of the (n+1)th scan signal SCAN(n+1) is
changed to the gate-off voltage.
[0102] As shown in FIG. 15, when the emission period Tem starts after the hold period Th, the scan signals SCAN(n)
and SCAN(n+1) are held at the gate-off voltage, and the EM signal EM(n) is inverted to the gate-on voltage. In this
instance, a voltage of the second node DTS is changed to the VDD, and a voltage of the first node DTG (i.e., a gate
voltage of the driving TFT DT) is changed to

Vdata). Hence, the source-to-gate voltage Vsg of the driving TFT DT determining a current amount of the OLED is set.
In this instance, a current Ioled represented by the following Equation 2 flows in the OLED. 
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where K is a constant determined by mobility, a parasitic capacitance, a channel capacity, etc. of the driving TFT DT,
and Vth is a threshold voltage of the driving TFT DT.
[0103] As can be seen from the above Equation 2, the current Ioled of the OLED in the embodiment of the disclosure
is not affected by the VDD. When the non-uniformity of the image quality is generated by a voltage drop of the VDD line,
a resistance of the VDD line may decrease by forming the VDD lines in a mesh shape. However, in case of a display
panel with high resolution, because a width of a VDD line has to decrease due to a decrease in an area corresponding
to pixels, there is a limit to a reduction in a resistance of the VDD line. And, in case of a large-screen display panel,
because a power supply path is lengthened to the inside of a screen display unit AA, a resistance of the VDD line
increases. Thus, the embodiment of the disclosure can uniformize the luminance and the color of the pixels over the
entire screen without designing the VDD lines at a low resistance or forming the VDD lines in the mesh shape because
the current of the OLED is not affected by the VDD. Hence, the embodiment of the disclosure can implement the uniform
image quality of a display panel with high resolution having the small pixel size. And, the embodiment of the disclosure
can provide a large-screen display panel having the improved luminance and image quality. Because the embodiment
of the disclosure can compensate for the voltage drop of the VDD line, the embodiment of the disclosure can achieve
the above effects without forming the VDD lines in the mesh shape.
[0104] As can be seen from the above Equation 2, the pixel circuit 40 shown in FIGS. 11 to 15 is driven in a direct
gamma driving method in which a luminance of the pixels increases as the data voltage Vdata increases.
[0105] The pixel circuit 40 shown in FIGS. 11 to 15 is initialized to the data voltage Vdata that varies depending on
the grayscale. The data voltage Vdata of a black gray level is a low voltage, for example, 0V. When an anode voltage
of the OLED is initialized to the data voltage Vdata of the black gray level, the OLED cannot be turned on. Therefore,
because a luminance of the pixel at the black gray level cannot increase, a reduction in a contrast ratio can be prevented.
And, when an anode voltage of the OLED is initialized to the data voltage Vdata of a white gray level, the OLED may
be turned on and the pixel may emit light. However, in this instance, because the pixel emits light at the white gray level
in the emission period Tem, there is no reduction in the contrast ratio. And, a user does not perceive that the pixel emits
light in the initialization and sampling period Tis. Namely, the embodiment of the disclosure can prevent a reduction in
the contrast ratio when the black gray level and the white gray level are represented, by initializing the anode voltage
of the OLED to the data voltage Vdata in the initialization and sampling period Tis. The black gray level is a minimum
gray value, for example, 00000000(2) of pixel data, and the white gray level is a maximum gray value, for example,
11111111(2) of pixel data. The luminance of the pixel at the black gray level is a minimum luminance, and the luminance
of the pixel at the white gray level is a maximum luminance.
[0106] FIGS. 16 to 18 are circuit diagrams illustrating an example where a third capacitor is connected to the pixel
circuits 20, 30 and 40. In detail, FIG. 16 illustrates an example where a third capacitor C3 is added to the pixel circuit
20 shown in FIGS. 2 to 7, FIG. 17 illustrates an example where a third capacitor C3 is added to the pixel circuit 30 shown
in FIG. 10, and FIG. 18 illustrates an example where a third capacitor C3 is added to the pixel circuit 40 shown in FIGS.
11 to 15. The third capacitor may be applied to other embodiments as well as the above-described embodiments.
Structures and components identical or equivalent to those illustrated in FIGS. 1 to 15 are designated with the same
reference numerals in FIGS. 16 to 18, and a further description may be briefly made or may be entirely omitted.
[0107] Referring to FIGS. 16 to 18, each of pixel circuits 20-1, 30-1 and 40-1 further includes a third capacitor C3
connected between a first node DTG and an EM signal line 12c.
[0108] As described above, when an emission period Tem starts, a voltage of an EM signal EM(n) is reduced to a
gate-on voltage. In this instance, because the first node DTG is coupled to the EM signal line 12c through the third
capacitor C3, a voltage of the first node DTG is reduced and a source-to-gate voltage Vsg of a driving TFT DT increases
when the voltage of the EM signal EM(n) is reduced to the gate-on voltage. Hence, a luminance of a pixel may increase
at a white gray level, and a contrast ratio may increase. As a result, the embodiment of the disclosure has an advantage
in implementing a high dynamic range (HDR). And, when a voltage of the EM signal line 12c is changed to the gate-on
voltage, the source-to-gate voltage Vsg of the driving TFT DT increases to a voltage greater than a voltage of a first
capacitor C1 due to the coupling through the third capacitor C3, and a luminance of the pixel can further increase.
[0109] FIG. 19 illustrates a source-to-gate voltage Vsg of a driving TFT DT in a pixel circuit not including the third
capacitor C3. FIG. 20 illustrates an example where a source-to-gate voltage Vsg of a driving TFT DT increases by "α"
because a voltage of a first node DTG is further reduced when a third capacitor C3 is added to a pixel circuit. The source-
to-gate voltage Vsg of the driving TFT DT is represented by the following Equation,

 |Vth|, and α is represented by the following Equation,

 VEL), where VEH is a gate-off voltage (or a high level voltage) of an
EM signal EM(n), and VEL is a gate-on voltage (or a low level voltage) of the EM signal EM(n).
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[0110] A connection structure of the second and third switching TFTs T2, T12, T3 and T13 in the pixel circuits 20, 30
and 40 may be changed as shown in FIGS. 21 to 23. Operations and effects of circuits illustrated in FIGS. 21 to 23 are
substantially the same as those of the above-described embodiments.
[0111] FIGS. 21 to 23 are circuit diagrams illustrating an example where a connection structure of second and third
switching TFTs of pixel circuits 20-2, 30-2 and 40-2 is changed. In detail, FIG. 21 illustrates an example where a connection
structure of the second and third switching TFTs T2 and T3 of the pixel circuit 20 shown in FIGS. 2 to 7 is changed, FIG.
22 illustrates an example where a connection structure of the second and third switching TFTs T2 and T3 of the pixel
circuit 30 shown in FIG. 10 is changed, and FIG. 23 illustrates an example where a connection structure of the second
and third switching TFTs T12 and T13 of the pixel circuit 40 shown in FIGS. 11 to 15 is changed. Structures and
components identical or equivalent to those illustrated in FIGS. 1 to 20 are designated with the same reference numerals
in FIGS. 21 to 23, and a further description may be briefly made or may be entirely omitted.
[0112] Referring to FIGS. 21 to 23, the second switching TFTs T2 and T12 respectively include gates connected to
scan lines 12b and 12a, sources connected to a third node DTD, and drains connected to a first node DTG. The third
switching TFTs T3 and T13 respectively include gates connected to the scan lines 12b and 12a, sources connected to
a Vref line 14 and data line 11, and drains connected to the third node DTD.
[0113] In the pixel circuits 20-2, 30-2 and 40-2 shown in FIGS. 21 to 23, because the second and third switching TFTs
T2, T12, T3 and T13 are present on a current path between the first node DTG and the Vref line 14 or a current path
between the first node DTG and a data line 11, a leakage current can be further reduced compared to the embodiment
including only the second switching TFTs T2 and T12. The connection structure of the second and third switching TFTs
T2, T12, T3 and T13 may be selected depending on the structure or the driving method of the display panel, and is not
limited to them.
[0114] FIG. 24 illustrates a pixel circuit and a method of driving the same according to a third embodiment of the
disclosure. In the third embodiment of the disclosure, transistors included in the pixel circuit are implemented as NMOS
transistors by way of example.
[0115] Referring to FIG. 24, each pixel circuit 50 includes an OLED, a plurality of TFTs NDT and NT1, NT2, NT3, NT4,
and NT5, first and second capacitors C1 and C2, and the like.
[0116] A high potential driving voltage VDD, a low potential power voltage VSS, a reference voltage Vref, a (n-1)th
scan signal SCAN(n-1), an nth scan signal SCAN(n), a data voltage Vdata, etc. are provided for an nth pixel circuit 50.
For example, the high potential driving voltage VDD may be a DC voltage of 7V to 8V, the low potential power voltage
VSS may be a DC voltage of 0V, and the reference voltage Vref may be a DC voltage of 1V. However, embodiments
are not limited thereto. The data voltage Vdata may be a voltage between 0V and 5V generated by a data driver 102,
but embodiments are not limited thereto. Each of the scan signals SCAN(n-1) and SCAN(n) is generated to have a pulse
width of one horizontal period 1H and swings between a VGH and a VGL. In the embodiment of the disclosure, the TFTs
NDT and NT1 to NT5 are implemented as NMOS transistors by way of example. Therefore, a gate-on voltage is the
VGH, and a gate-off voltage is the VGL. For example, the VGH may be about 10V, and the VGL may be about -6V.
However, embodiments are not limited thereto.
[0117] The nth scan signal SCAN(n) synchronized with the nth data voltage Vdata(n) is supplied to the nth pixel circuit
50 subsequent to the (n-1)th scan signal SCAN(n-1). An operation of the pixel circuit 50 may be dividedly performed in
an initialization and sampling period Tis, a pixel driving voltage setting period Tw, and an emission period Tem. The (n-
1)th scan signal SCAN(n-1) is input to the nth pixel circuit 50 during the initialization and sampling period Tis, and the
(n-1)th scan signal SCAN(n-1) is held at the gate-off voltage during a remaining period except the initialization and
sampling period Tis. The nth scan signal SCAN(n) is input to the nth pixel circuit 50 during the pixel driving voltage
setting period Tw, and the nth scan signal SCAN(n) is held at the gate-off voltage during a remaining period except the
pixel driving voltage setting period Tw. An EM signal EM(n) is generated as the gate-off voltage during about three
horizontal periods overlapping the (n-1)th and nth scan signals SCAN(n-1) and SCAN(n). The EM signal EM(n) is
repeatedly switched between the gate-on voltage and the gate-off voltage in a predetermined PWM duty ratio during
the emission period Tem and switches on and off a current of the OLED.
[0118] The OLED emits light using an amount of current, that is adjusted by the driving TFT DT depending on the data
voltage Vdata, and represents a luminance corresponding to a grayscale of data of an input image. A current path of
the OLED is switched on and off by the fourth switching TFT NT4 that is controlled in response to the EM signal EM(n).
The OLED includes an anode, a cathode, and an organic compound layer between the anode and the cathode. The
anode of the OLED is connected to a source of the driving TFT NDT via a second node DTS and the fifth switching TFT
NT5, and the cathode of the OLED is connected to a VSS electrode supplied with the VSS.
[0119] The driving TFT NDT is a driving element for controlling a current Ioled flowing in the OLED depending on a
source-to-gate voltage Vsg of the driving TFT NDT. The driving TFT NDT includes a gate connected to a first node DTG,
the source connected to the second node DTS, and a drain connected to a third node DTD.
[0120] The first capacitor C1 is connected between the first node DTG and the second node DTS. The second capacitor
C2 includes a first electrode receiving a voltage from a VDD line 13 or a Vref line 14 and a second electrode connected
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to the second node DTS.
[0121] A switching circuit (for example, the first to fifth switching TFTs NT1 to NT5) of the pixel circuit 50 supplies the
reference voltage Vref to the gate and the drain of the driving TFT NDT in response to the (n-1)th scan signal SCAN(n-
1) and then supplies the data voltage Vdata to the gate of the driving TFT NDT in response to the nth scan signal
SCAN(n). Next, the switching circuit supplies the high potential driving voltage VDD greater than the reference voltage
Vref to the drain of the driving TFT NDT in response to the EM signal EM(n), and at the same time forms a current path
between the source of the driving TFT NDT and the anode of the OLED.
[0122] The first switching TFT NT1 is a switching element for supplying the data voltage Vdata(n) to the first node
DTG in response to the nth scan signal SCAN(n) or a first scan signal SCAN1. The first switching TFT NT1 includes a
gate connected to a first scan line 12a, a drain connected to a data line 11, and a source connected to the first node
DTG. The nth scan signal SCAN(n) or the first scan signal SCAN1 is supplied to the nth pixel circuit 50 via the first scan
line 12a.
[0123] The second switching TFT NT2 is a switching element for supplying the reference voltage Vref to the first node
DTG in response to the (n-1)th scan signal SCAN(n-1) or a second scan signal SCAN2. A pulse width of the second
scan signal SCAN2, as shown in FIG. 9, may be set to be longer than a pulse width of the first scan signal SCAN1 at a
high resolution. The second switching TFT NT2 includes a gate connected to a second scan line 12b, a source connected
to the Vref line 14, and a drain connected to the first node DTG.
[0124] The third switching TFT NT3 is a switching element for supplying the reference voltage Vref to the third node
DTD in response to the (n-1)th scan signal SCAN(n-1) or the second scan signal SCAN2. The third switching TFT NT3
includes a gate connected to the second scan line 12b, a source connected to the Vref line 14, and a drain connected
to the third node DTD.
[0125] The fourth switching TFT NT4 is a switching element for switching on and off a current path between the VDD
line 13 and the third node DTD in response to the EM signal EM(n). The fourth switching TFT NT4 includes a gate
connected to a third EM signal line 12c supplied with the EM signal EM(n), a drain connected to the VDD line 13, and
a source connected to the third node DTD.
[0126] The fifth switching TFT NT5 is a switching element for switching on and off a current flowing in the OLED in
response to the EM signal EM(n). The fifth switching TFT NT5 includes a gate connected to the third EM signal line 12c
supplied with the EM signal EM(n), a drain connected to the second node DTS, and a source connected to the anode
of the OLED. The fifth switching TFT NT5 cuts off the current of the OLED so that the OLED does not emit light during
the initialization and sampling period Tis, and prevents an increase in a luminance of a black gray level, thereby improving
a contrast ratio. And, the fourth switching TFT T4 in the embodiment illustrated in FIGS. 2 to 9 may perform functions
of the fourth and fifth switching TFTs NT4 and NT5 in the third embodiment illustrated in FIG. 24.
[0127] FIG. 25 illustrates a pixel circuit and a method of driving the same according to a fourth embodiment of the
disclosure. The fourth embodiment is configured such that some switching TFTs T1, T2, T3, and T4 of the pixel circuit
20 illustrated in FIGS. 2 to 7 are changed from PMOS transistors to NMOS transistors.
[0128] An electroluminescent display according to an embodiment of the disclosure can drive pixels at a low speed
by reducing a frame rate, in order to reduce power consumption when a still image is displayed. In this instance, because
a data update cycle becomes longer, a flicker may occur when a leakage current is generated in the pixel. When the
TFTs NT1, NT2, NT3 and NT4 having a long off-period are manufactured as n-type oxide TFTs having a small off-
current, the flicker and the power consumption in a low-speed drive can be reduced. In particular, when the first switching
TFT NT1, the second switching TFT NT2, and the third switching TFT NT3 connected to the gate of the driving TFT DT,
that may generate a large amount of leakage current, are implemented as oxide TFTs, the first to third switching TFTs
NT1 to NT3 can reduce an off-current even if they are not implemented as transistors of a dual gate structure. The driving
TFT DT may be implemented as a p-type low temperature polysilicon (LTPS) TFT having high mobility in consideration
of the efficiency of the OLED and the power consumption.
[0129] In the embodiments illustrated in FIGS. 24 and 25, a third capacitor C3 may be connected between the first
node connected to the gates of the driving TFTs NDT and DT and the third EM signal line 12c supplied with the emission
control signal. The connection relationship between the second and third switching TFTs NT2 and NT3 may be applied
to the embodiments illustrated in FIGS. 21 to 23.
[0130] FIGS. 26 to 28 illustrate a shift register of a gate driver according to one embodiment.
[0131] Referring to FIGS. 26 to 28, each of the scan driver103 and the EM driver 104 of the gate driver 108 includes
a shift register that sequentially shifts an output in response to a gate timing control signal from the timing controller 110.
[0132] The shift register of the gate driver 108 includes a plurality of cascade-connected stages ST(1) to ST(n+3) and
shifts an output voltage in accordance with a shift clock timing as shown in FIG. 28. The shift register receives a start
pulse VST or a carry signal received from a previous stage as a start pulse and generates an output signal when a clock
is input. An output signal of the scan driver103 is a scan signal, and an output signal of the emission driver 104 is an
EM signal.
[0133] Each of the stages ST(1) to ST(n+3) of the shift register includes a pull-up transistor Tu that charges an output
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terminal in response to a voltage of a Q node and rises a voltage of an output signal to the gate-on voltage VGL, a pull-
down transistor Td that discharges the output terminal to the gat-off voltage VGH in response to a voltage of a QB node,
and a switching circuit 120 that charges and discharges the Q node and the QB node as shown in FIG. 26.
[0134] When a shift clock CLK(n) is input to a drain of the pull-up transistor Tu in a state where the Q node is precharged
with the gate-on voltage VGL, the pull-up transistor Tu charges the output terminal up to the gate-on voltage VGL of the
shift clock CLK(n). The shift clock CLK(n) is input to the pull-up transistor Tu in a state where the Q node is charged
with the gate-on voltage VGL and is floated. When the gate-on voltage VGL of the shift clock CLK(n) is input to the drain
of the pull-up transistor Tu, bootstrapping is generated by a parasitic capacitance between the drain and a gate of the
pull-up transistor Tu. Hence, the voltage of the Q node increases to about 2VGL (i.e., about two times the gate-on voltage
VGL). In this instance, the pull-up transistor Tu is turned on by the voltage 2VGL of the Q node, and the output terminal
is charged up to the VGL of the shift clock CLK(n). When the QB node is charged with the VGL, the pull-down transistor
Td supplies the gate-off voltage VGH to the output terminal and adjusts an output voltage Vout(n) to the VGH. A voltage
Vgout(n) of an output signal is supplied to the scan line or the EM signal line and is also supplied to a previous stage
and a next stage as carry signals CRY(n) to CRY(n+4).
[0135] The switching circuit 120 charges the Q node in response to the start pulse VST input through a VST terminal
or the carry signals CRY(n) to CRY(n+4) received from the previous stage and discharges the Q node in response to a
signal received through a reset (RST) terminal or a VNEXT terminal. The RST terminal receives a reset signal for
simultaneously initializing the Q nodes of all the stages ST(1) to ST(n+3), and the VNEXT terminal receives a carry
signal generated in a next stage. The switching circuit 120 may charge and discharge the QB node as opposed to the
Q node using an inverter.
[0136] The start pulse VST is applied to a first stage ST(1) of the shift register. The start pulse VST may be applied
to one or more stages. The shift clock CLK(n) may be 2-phase clock, 4-phase clock, or 8-phase clock, but is not limited
thereto.
[0137] FIG. 29 illustrates a connection relationship between an output terminal of a scan driver outputting scan signals
SCAN(n-1) and SCAN(n) shown in FIG. 3 and a screen display unit. In FIG. 29, "LINE1", "LINE2" and "LINE3" denote
display lines.
[0138] Because scan signals SCAN(n-1) and SCAN(n) have the same pulse width and are shifted at a predetermined
phase difference, they may be output from one shift register without changing a gate timing control signal.
[0139] Each display line is connected to subpixels 105 to 107 on the screen display unit AA of the display panel 100.
An initialization and sampling period Tis of an nth display line overlaps a pixel driving voltage setting period Tw of a (n-
1)th display line. Hence, a (n-2)th scan signal and a (n-1)th scan signal are applied to subpixels 105 to 107 of the (n-
1)th display line, and the (n-1)th scan signal and an nth scan signal are applied to subpixels 105 to 107 of the nth display
line. Because two scan lines share one output terminal of the scan driver 103 with each other, the number of output
terminals of the scan driver 103 can be reduced. Thus, the (n-1)th scan signal is input to the (n-1)th display line and the
nth display line during the initialization and sampling period Tis, and the nth scan signal is input to the nth display line
during the pixel driving voltage setting period Tw. As a result, one output terminal of the scan driver 103 is connected
to the subpixels 105 to 107 arranged on two adjacent display lines. Because two scan signal lines of the display panel
100 may be connected to one output terminal of the scan driver 103, the narrow bezel can be implemented through a
reduction in the size of the scan driver 103.
[0140] FIG. 30 illustrates a connection relationship between an output terminal of a scan driver outputting scan signals
SCAN1 and SCAN2 shown in FIG. 9 and a screen display unit.
[0141] Referring to FIG. 30, a sensing time of a threshold voltage of a driving TFT may be insufficient in a display
device with high resolution. In this instance, as shown in FIG. 9, the sensing time of the threshold voltage can be
sufficiently secured by increasing a pulse width of a second scan signal SCAN2 defining an initialization and sampling
period Tis. Because the second scan signal SCAN2 is independently generated separate from a data voltage, the pulse
width of the second scan signal SCAN2 may be extended. A width of a shift clock of a gate timing control signal generating
the second scan signal SCAN2 has to be longer in duration than a width of a shift clock of the gate timing control signal
generating a first scan signal SCAN1. The first scan signal SCAN1 and the second scan signal SCAN2 may be output
using two scan drivers 103A and 103B in a bezel area BZ. The scan drivers 103A and 103B share a start pulse VST
with each other and individually receive the shift clocks. The first scan driver 103A outputs the first scan signal SCAN1
and sequentially shifts the output first scan signal SCAN1. The second scan driver 103B outputs the second scan signal
SCAN2 and sequentially shifts the output second scan signal SCAN2.
[0142] FIG. 31 illustrates a connection relationship between an output terminal of an emission driver outputting an EM
signal shown in FIGS. 3 and 9 and a screen display unit.
[0143] Because a pulse width of an EM signal EM(n) shown in FIGS. 3 and 9 is set to about three horizontal periods,
the EM signal EM(n) may share two of display lines LINE1 to LINE# of the screen display unit AA. As a result, one output
terminal of the emission driver 104 may be connected to subpixels 105 to 107 arranged on two adjacent display lines.
Because the size of the emission driver 104 can be reduced, a bezel area may decrease by a reduction amount of the
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size of the emission driver 104. Because two EM signal lines of the display panel 100 can be connected to one output
terminal of the emission driver 104, the narrow bezel can be implemented through a reduction in the size of the emission
driver 104.
[0144] An electroluminescent display according to embodiments of the present disclosure may be described as follows.
[0145] An electroluminescent display according to an embodiment of the present disclosure comprises a display panel
including including a plurality of pixels, each of the plurality of pixels including subpixels. A pixel circuit of each subpixel
includes a driving transistor connected to an anode of an electroluminescent diode, the driving transistor and configured
to drive the electroluminescent diode, a first switching transistor connected to the driving transistor, the first switching
transistor configured to supply a first voltage to a gate electrode of the driving transistor in response to a first scan signal,
a second switching transistor connected to the driving transistor, the second switching transistor configured to supply a
second voltage to the gate electrode of the driving transistor in response to a second scan signal, a third switching
transistor connected to the second switching transistor and the driving transistor, the third switching transistor configured
to supply the second voltage to a first electrode of the driving transistor in response to the second scan signal, a fourth
switching transistor connected to the driving transistor, the fourth switching transistor configured to supply a first supply
voltage to a second electrode of the driving transistor in response to an emission control signal, a first capacitor connected
between a first node that is connected to the gate electrode of the driving transistor and a second node that is connected
to the second electrode of the driving transistor, and a second capacitor connected between the second node and a
power supply line supplied with the second voltage or the first supply voltage. A second supply voltage is applied to a
cathode of the electroluminescent diode, the second supply voltage lower than the first supply voltage. Thus, the elec-
troluminescent display according to the present disclosure can implement uniform image quality over the entire screen
without designing VDD lines at a low resistance and can reduce power consumption because the high potential driving
voltage and a reference voltage are not short-circuited.
[0146] According to one or more embodiments, the first voltage may be a data voltage synchronized with the first scan
signal, and the second voltage may be a reference voltage that is greater than the second supply voltage and is less
than the first supply voltage. In the embodiment, the first scan signal may be an nth scan signal, and the second scan
signal may be a (n-1)th scan signal before the first scan signal, where n is a positive integer.
[0147] According to one or more embodiments, the first voltage may be a reference voltage that is greater than the
second supply voltage and is less than the first supply voltage, and the second voltage may be a data voltage synchronized
with the first scan signal. In the embodiment, the first scan signal may be a (n+1)th scan signal, and the second scan
signal may be an nth scan signal generated before the first scan signal, where n is a positive integer.
[0148] According to one or more embodiments, the second switching transistor and the third switching transistor may
be turned on in accordance with a gate-on voltage of the second scan signal. The first switching transistor may be turned
on in accordance with a gate-on voltage of the first scan signal. After the first switching transistor, the second switching
transistor, the third switching transistor are turned off, the fourth switching transistor may be turned on in accordance
with a gate-on voltage of the emission control signal. The fourth switching transistor may maintain an off-state during
an off-period of the emission control signal.
[0149] According to one or more embodiments, the first switching transistor and the second switching transistor may
each include a dual gate structure and/or the first switching transistor, the second switching transistor, the third switching
transistor, the fourth switching transistor, and the driving transistor each include p-type transistor.
[0150] According to one or more embodiments, the second scan signal may be applied to (n-1)th subpixels and
synchronized with a (n-1)th data voltage, where n is a positive integer. The first scan signal may be applied to nth
subpixels and synchronized with an nth data voltage. The first scan signal may be supplied to the pixel circuit subsequent
to the second scan signal.
[0151] According to one or more embodiments, a pulse width of the second scan signal may be longer in duration
than a pulse width of the first scan signal.
[0152] According to one or more embodiments, the electroluminescent display may further comprise a scan driver
configured to output the second scan signal and the first scan signal, an emission driver configured to output the emission
control signal, and a plurality of display lines connected to the subpixels. One output terminal of the scan driver may be
connected to a pair of subpixels arranged on two adjacent display lines of the plurality of display lines.
[0153] According to one or more embodiments, the electroluminescent display may further comprise a first scan driver
configured to output the second scan signal, a second scan driver configured to output the first scan signal, an emission
driver configured to output the emission control signal, and a plurality of display lines connected to the subpixels. The
first scan driver and the second scan driver may share a common start pulse and the first scan driver and the second
scan driver may receive shift clocks having different pulse widths.
[0154] According to one or more embodiments, one output terminal of the emission driver may be connected to a pair
of subpixels arranged on two adjacent display lines of the plurality of display lines.
[0155] According to one or more embodiments, the electroluminescent display may further include a third capacitor
connected between the first node and a third node, the third node connected to a gate electrode of the fourth switching
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transistor and a signal line supplied with the emission control signal.
[0156] According to one or more embodiments, at least one of the first switching transistor, the second switching
transistor, the third switching transistor, and the fourth switching transistor may include an n-type oxide transistor. And
the driving transistor may be a p-type polysilicon transistor.
[0157] According to one or more embodiments, an electroluminescent display may further comprise a fifth switching
transistor connected between the driving transistor and the electroluminescent diode, the fifth switching transistor con-
figured to form a current path between the second electrode of the driving transistor and the anode of the electrolumi-
nescent diode in response to the emission control signal. A change in the first supply voltage may be reflected both at
the first node and the second node during a sampling period for sensing a threshold voltage of the driving transistor or
during an emission period of the electroluminescent display during which the electroluminescent diode emits light.
[0158] According to one or more embodiments, the electroluminescent display may further comprise display lines
connected to the subpixels. A scan period of the electroluminescent display includes the sampling period for sensing
the threshold voltage of the driving transistor, a pixel driving voltage setting period for setting the data voltage as the
driving voltage of the driving transistor, and the emission period where the electroluminescent diode emits light, the
second switching transistor and the third switching transistor may be turned on in accordance with a gate-on voltage of
the (n-1)th scan signal. After the second switching transistor and the third switching transistor are turned off in accordance
with a gate-off voltage of the (n-1)th scan signal, the first switching transistor may be turned on in accordance with a
gate-on voltage of the nth scan signal. After the first switching transistor, the second switching transistor, and the third
switching transistor are turned off, the fourth switching transistor may be turned on in accordance with a gate-on voltage
of the emission control signal. The fourth switching transistor may maintain an off-state during an off-period of the
emission control signal.
[0159] According to one or more embodiments, the first switching transistor, the second switching transistor, the third
switching transistor, the fourth switching transistor, the fifth switching transistor and the driving transistor may each
include p-type transistors.
[0160] It will be apparent to those skilled in the art that various modifications and variations may be made in the present
disclosure without departing from the scope of the invention. Thus, it is intended that embodiments of the present
disclosure cover the modifications and variations of this invention provided they come within the scope of the appended
claims and their equivalents.
[0161] Embodiments of the invention can implement uniform image quality over the entire screen without designing
the VDD lines at a low resistance because a current of the OLED of the pixel is not effected by the VDD and can implement
an electroluminescent display having a high resolution and a large-screen size.
[0162] Embodiments of the invention can reduce power consumption and deterioration of pixels because the VDD
and the Vref are short-circuited in the pixel, thereby improving the reliability.
[0163] Embodiments of the invention can perform detailed grayscale representation because the data voltage range
can be determined depending on a ratio of capacitances of the capacitors of the pixel.
[0164] Embodiments of the invention can improve the display quality of the electroluminescent display because a time,
for which the anode of the OLED is floated after the emission control signal is inverted to the gate-off voltage, can be
set to a short time internal.
[0165] Embodiments of the invention can minimize or prevent a flicker and image sticking and improve the image
quality by turning on and off the emission control signal at a predetermined PWM duty ratio during the emission drive
period. And, embodiments of the invention can perform a stable duty drive because the Vsg (or the Vgs) of the driving
TFT can be stored in the capacitor during the off-period of the emission control signal in the emission drive period.
[0166] Embodiments of the invention include an internal compensation circuit that can control a sampling period of
the driving TFT to be sufficiently long by adjusting a pulse width of the scan signal. Thus, embodiments of the invention
can stably secure a compensation for a difference in driving characteristics between pixels in an electroluminescent
display having a high resolution and a large-screen size.
[0167] Embodiments of the invention can implement a high resolution display device with high PPI (pixels per inch)
having the small unit pixel size because the internal compensation circuit can have an uncomplicated circuit configuration
and a compact layout structure.
[0168] Although embodiments have been described with reference to a number of illustrative embodiments thereof,
it should be understood that numerous other modifications and embodiments can be devised by those skilled in the art
that will fall within the scope of the principles of this disclosure. More particularly, various variations and modifications
are possible in the component parts and/or arrangements of the subject combination arrangement within the scope of
the disclosure, the drawings and the appended claims. In addition to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent to those skilled in the art.



EP 3 343 552 B1

20

5

10

15

20

25

30

35

40

45

50

55

Claims

1. An electroluminescent display comprising:

a display panel (100) including a plurality of pixels, each of the plurality of pixels including subpixels,
wherein each subpixel circuit includes:
a driving transistor (DT) with the first electrode connected to the anode of an electroluminescent diode (OLED),
the driving transistor (DT) configured to drive the electroluminescent diode (OLED); and
an internal compensation circuit that comprises:

a first switching transistor (T1) with the first electrode connected to the gate of the driving transistor (DT),
the first switching transistor (T1) configured to supply a first voltage provided via a data line (11) to a gate
electrode of the driving transistor (DT) in response to a first scan signal (SCAN(n)) provided via a first scan
line (12a);
a second switching transistor (T2) with the first electrode connected to the gate of the driving transistor
(DT), the second switching transistor (T2) configured to supply a second voltage provided via a reference
line (14) to the gate electrode of the driving transistor (DT) in response to a second scan signal (SCAN(n-
1)) provided via a second scan line (12b);
a third switching transistor (T3) with the first electrode connected to the second electrode of the second
switching transistor (T2) and to the first electrode of the driving transistor (DT), the third switching transistor
(T3) configured to supply the second voltage (VRef) provided via the reference line (14) to the first electrode
of the driving transistor (DT) in response to the second scan signal SCAN(n-1)) provided via the second
scan line (12b);
a fourth switching transistor (T4) with the first electrode connected to the second electrode of the driving
transistor (DT), the fourth switching transistor (T4) configured to supply a first supply voltage (VDD) provided
via a VDD line (13) to the second electrode of the driving transistor (DT) in response to an emission control
signal (EM(n)) provided via an EM signal line (12c);
a first capacitor (C1) connected between a first node (DTG) that is connected to the gate electrode of the
driving transistor (DT) and a second node (DTS) that is connected to the second electrode of the driving
transistor (DT); and
a second capacitor (C2) connected between the second node and a power supply line supplied with the
second voltage (Vref) provided via the reference line (14) or the first supply voltage (VDD) provided via the
VDD line (13),
wherein a second supply voltage (VSS) provided via a VSS electrode is applied to the cathode of the
electroluminescent diode (OLED), the second supply voltage (VSS) is lower than the first supply voltage
(VDD);
wherein the second switching transistor (T2) and the third switching transistor (T3) are turned on in accord-
ance with a gate-on voltage of the second scan signal (SCAN(n-1) that is applied during an initialization
and sampling period (Tis) and the second scan signal (SCAN(n-1)) is held at the gate-off voltage during a
remaining period except the initialization and sampling period (Tis);
wherein the first switching transistor (T1) is turned on in accordance with a gate-on voltage of the first scan
signal (SCAN(n)) that is applied during a pixel driving voltage setting period (Tw) subsequent to the initial-
ization and sampling period (Tis);
wherein after the first switching transistor (T1), the second switching transistor (T2), and the third switching
transistor (T3) are turned off, the fourth switching transistor (T4) is turned on in accordance with a gate-on
voltage of the emission control signal (EM(n)), and
wherein the fourth switching transistor (T4) is configured to maintain an off-state during an off-period of the
emission control signal (EM(n)).

2. The electroluminescent display of claim 1, wherein the first voltage is a data voltage (Vdata) synchronized with the
first scan signal (SCAN(n)),

wherein the second voltage is a reference voltage (Vref) that is greater than the second supply voltage (VSS)
and is less than the first supply voltage (VDD), and
wherein the first scan signal (SCAN(n)) is an nth scan signal, and the second scan signal (SCAN(n-1)) is a (n-
1)th scan signal before the first scan signal (SCAN(n)), where n is a positive integer.

3. The electroluminescent display of claim 1, wherein the first voltage is a reference voltage (Vref) that is greater than
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the second supply voltage (VSS) and is less than the first supply voltage (VDD),

wherein the second voltage is a data voltage (Vdata) synchronized with the first scan signal (SCAN(n)), and
wherein the first scan signal is a (n+1)th scan signal, and the second scan signal is an nth scan signal generated
before the first scan signal, where n is a positive integer.

4. The electroluminescent display as claimed in any one of the preceding claims, wherein the first switching transistor
(T1) and the second switching transistor (T2) each include a dual gate structure and/or the first switching transistor
(T1), the second switching transistor (T2), the third switching transistor (T3), the fourth switching transistor (T4) and
the driving transistor (DT) each include p-type transistor.

5. The electroluminescent display of claim 1, wherein the second scan signal (SCAN(n-1)) is applied to (n-1)th subpixels
and is synchronized with a (n-1)th data voltage, where n is a positive integer,

wherein the first scan signal (SCAN(n)) is applied to nth subpixels and is synchronized with an nth data voltage,
and
wherein the first scan signal (SCAN(n)) is supplied to the pixel circuit (20) subsequent to the second scan signal
(SCAN(n-1)).

6. The electroluminescent display of claim 1, wherein a pulse width of the second scan signal (SCAN(2)) is longer in
duration than a pulse width of the first scan signal (SCAN(1)).

7. The electroluminescent display as claimed in any one of the preceding claims, further comprising:

a scan driver (103) configured to output the second scan signal (SCAN(n-1)) and the first scan signal (SCAN(n));
an emission driver (104) configured to output the emission control signal (EM(n)); and
a plurality of display lines (12a, 12b, 12c) connected to the subpixels,
wherein one output terminal of the scan driver (103) is connected to a pair of subpixels arranged on two adjacent
display lines of the plurality of display lines.

8. The electroluminescent display of claim 6, further comprising:

a first scan driver (103B) configured to output the second scan signal (SCAN2);
a second scan driver (103A) configured to output the first scan signal (SCAN1);
an emission driver (104) configured to output the emission control signal (EM(n)); and
a plurality of display lines connected to the subpixels,
wherein the first scan driver and the second scan driver (103A, 103B) are configured to share a common start
pulse and the first scan driver (103B) and the second scan driver (103A) are configured to receive shift clocks
having different pulse widths.

9. The electroluminescent display of claim 7 or 8, wherein one output terminal of the emission driver (104) is connected
to a pair of subpixels arranged on two adjacent display lines of the plurality of display lines.

10. The electroluminescent display as claimed in any one of the preceding claims, further comprising a third capacitor
(C3) connected between the first node (DTG) and a third node, the third node connected to a gate electrode of the
fourth switching transistor (T4) and a signal line supplied with the emission control signal (EM(n)).

11. The electroluminescent display of claim 1, wherein at least one of the first switching transistor (T1), the second
switching transistor (T2), the third switching transistor (T3), and the fourth switching transistor (T4) includes an n-
type oxide transistor, wherein the driving transistor (DT) is a p-type polysilicon transistor.

12. The electroluminescent display of claim 1, further comprising

a fifth switching transistor (T5) connected between the driving transistor (DT) and the electroluminescent diode
(OLED), the fifth switching transistor (T5) configured to form a current path between the second electrode of
the driving transistor (DT) and the anode of the electroluminescent diode (OLED) in response to the emission
control signal (EM(n)),
wherein a change in the first supply voltage (VDD) is reflected both at the first node and the second node during
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a sampling period (Tis) for sensing a threshold voltage of the driving transistor (DT) or during an emission period
(Tem) of the electroluminescent display (OLED) during which the electroluminescent diode (OLED) emits light.

13. The electroluminescent display of claim 12, further comprising display lines connected to the subpixels,
wherein a scan period of the electroluminescent display includes the sampling period for sensing the threshold
voltage of the driving transistor (DT), a pixel driving voltage setting period (Tw) for setting the data voltage as the
driving voltage of the driving transistor (DT), and the emission period (Tem) where the electroluminescent diode
(OLED) emits light.

14. The electroluminescent display of claim 12, wherein the first switching transistor (T1), the second switching transistor
(T2), the third switching transistor (T3), the fourth switching transistor (T4), the fifth switching transistor (T5) and the
driving transistor (DT) each include p-type transistors.

Patentansprüche

1. Elektrolumineszenzanzeige, die Folgendes umfasst:

eine Anzeigetafel (100), die mehrere Pixel enthält, wobei jedes der mehreren Pixel Unterpixel enthält,
wobei jede Unterpixelschaltung enthält:

einen Ansteuerungstransistor (DT), dessen erste Elektrode mit der Anode einer Elektrolumineszenzdiode
(OLED) verbunden ist,
wobei der Ansteuerungstransistor (DT) konfiguriert ist, die Elektrolumineszenzdiode (OLED) anzusteuern;
und
eine interne Kompensationsschaltung, die Folgendes umfasst:

einen ersten Schalttransistor (T1), dessen erste Elektrode mit dem Gate des Ansteuerungstransistors
(DT) verbunden ist, wobei der erste Schalttransistor (T1) konfiguriert ist, als Reaktion auf ein erstes
Abtastsignal (SCAN(n)), das über eine erste Abtastleitung (12a) geliefert wird, eine erste Spannung,
die über eine Datenleitung (11) geliefert wird, an eine Gate-Elektrode des Ansteuerungstransistors
(DT) zu liefern;
einen zweiten Schalttransistor (T2), dessen erste Elektrode mit dem Gate des Ansteuerungstransistors
(DT) verbunden ist, wobei der zweite Schalttransistor (T2) konfiguriert ist, als Reaktion auf ein zweites
Abtastsignal (SCAN(n-1)), das über eine zweite Abtastleitung (12b) geliefert wird, eine zweite Span-
nung, die über eine Referenzleitung (14) geliefert wird, an die Gate-Elektrode des Ansteuerungstran-
sistors (DT) zu liefern;
einen dritten Schalttransistor (T3), dessen erste Elektrode mit der zweiten Elektrode des zweiten Schalt-
transistors (T2) und der ersten Elektrode des Ansteuerungstransistors (DT) verbunden ist, wobei der
dritte Schalttransistor (T3) konfiguriert ist, als Reaktion auf das zweite Abtastsignal SCAN(n-1)), das
über die zweite Abtastleitung (12b) geliefert wird, die zweite Spannung (VRef), die über die Referenz-
leitung (14) geliefert wird, an die erste Elektrode des Ansteuerungstransistors (DT) zu liefern;
einen vierten Schalttransistor (T4), dessen erste Elektrode mit der zweiten Elektrode des Ansteue-
rungstransistors (DT) verbunden ist, wobei der vierte Schalttransistor (T4) konfiguriert ist, als Reaktion
auf ein Emissionssteuersignal (EM(n)), das über eine EM-Signalleitung (12c) geliefert wird, eine erste
Versorgungsspannung (VDD), die über eine VDD-Leitung (13) geliefert wird, an die zweite Elektrode
des Ansteuerungstransistor (DT) zu liefern;
einen ersten Kondensator (C1), der zwischen einem ersten Knoten (DTG), der mit der Gate-Elektrode
des Ansteuerungstransistors (DT) verbunden ist, und einem zweiten Knoten (DTS), der mit der zweiten
Elektrode des Ansteuerungstransistors (DT) verbunden ist, angeschlossen ist; und
einen zweiten Kondensator (C2), der zwischen dem zweiten Knoten und einer Stromversorgungslei-
tung, die mit der zweiten Spannung (Vref), die über die Referenzleitung (14) geliefert wird, oder der
ersten Versorgungsspannung (VDD), die über die VDD-Leitung (13) geliefert wird, versorgt wird,
wobei eine zweite Versorgungsspannung (VSS), die über eine VSS-Elektrode geliefert wird, an die
Kathode der Elektrolumineszenzdiode (OLED) angelegt wird, wobei die zweite Versorgungsspannung
(VSS) niedriger als die erste Versorgungsspannung (VDD) ist;
wobei der zweite Schalttransistor (T2) und der dritte Schalttransistor (T3) in Übereinstimmung mit einer
Gate-Ein-Spannung des zweiten Abtastsignals (SCAN(n-1)), die während einer Initialisierungs- und
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Abtastperiode (Tis) angelegt wird, eingeschaltet werden und das zweite Abtastsignal (SCAN(n-1))
während einer verbleibenden Periode außer der Initialisierung- und Abtastperiode (Tis) auf der Gate-
Aus-Spannung gehalten wird;
wobei der erste Schalttransistor (T1) in Übereinstimmung mit einer Gate-Ein-Spannung des ersten
Abtastsignals (SCAN(n)), die während einer Pixelansteuerungsspannungseinstellperiode (Tw) an-
schließend an die Initialisierungs- und Abtastperiode (Tis) angelegt wird, eingeschaltet wird;
wobei, nachdem der erste Schalttransistor (T1), der zweite Schalttransistor (T2) und der dritte Schalt-
transistor (T3) ausgeschaltet sind, der vierte Schalttransistor (T4) in Übereinstimmung mit einer Gate-
Ein-Spannung des Emissionssteuersignals (EM(n)) eingeschaltet wird und
wobei der vierte Schalttransistor (T4) konfiguriert ist, einen Aus-Zustand während einer Aus-Periode
des Emissionssteuersignals (EM(n)) beizubehalten.

2. Elektrolumineszenzanzeige nach Anspruch 1, wobei die erste Spannung eine Datenspannung (Vdata) ist, die mit
dem ersten Abtastsignal (SCAN(n)) synchronisiert ist,
wobei die zweite Spannung eine Referenzspannung (Vref) ist, die größer als die zweite Versorgungsspannung
(VSS) ist und kleiner als die erste Versorgungsspannung (VDD) ist, und
wobei das erste Abtastsignal (SCAN(n)) ein n-tes Abtastsignal ist und das zweite Abtastsignal (SCAN(n-1)) ein (n-
1)-tes Abtastsignal vor dem ersten Abtastsignal (SCAN(n)) ist, wobei n eine positive ganze Zahl ist.

3. Elektrolumineszenzanzeige nach Anspruch 1, wobei die erste Spannung eine Referenzspannung (Vref) ist, die
größer als die zweite Versorgungsspannung (VSS) ist und kleiner als die erste Versorgungsspannung (VDD) ist,
wobei die zweite Spannung eine Datenspannung (Vdata) ist, die mit dem ersten Abtastsignal (SCAN(n)) synchro-
nisiert ist, und
wobei das erste Abtastsignal ein (n+1)-tes Abtastsignal ist und das zweite Abtastsignal ein n-tes Abtastsignal ist,
das vor dem ersten Abtastsignal erzeugt wird, wobei n eine positive ganze Zahl ist.

4. Elektrolumineszenzanzeige nach einem der vorhergehenden Ansprüche, wobei der erste Schalttransistor (T1) und
der zweite Schalttransistor (T2) jeweils eine Doppel-Gate-Struktur enthalten und/oder der erste Schalttransistor
(T1), der zweite Schalttransistor (T2), der dritte Schalttransistor (T3), der vierte Schalttransistor (T4) und der An-
steuerungstransistor (DT) jeweils p-Typ-Transistoren enthalten.

5. Elektrolumineszenzanzeige nach Anspruch 1, wobei das zweite Abtastsignal (SCAN(n-1)) auf (n-1)-te Unterpixel
angewendet wird und mit einer (n-1)-ten Datenspannung synchronisiert ist, wobei n eine positive ganze Zahl ist,
wobei das erste Abtastsignal (SCAN(n)) auf n-te Unterpixel angewendet wird und mit einer n-ten Datenspannung
synchronisiert ist und
wobei das erste Abtastsignal (SCAN(n)) anschließend an das zweite Abtastsignal (SCAN(n-1)) an die Pixelschaltung
(20) geliefert wird.

6. Elektrolumineszenzanzeige nach Anspruch 1, wobei eine Impulsbreite des zweiten Abtastsignals (SCAN(2)) länger
in der Dauer als eine Impulsbreite des ersten Abtastsignals (SCAN(1)) ist.

7. Elektrolumineszenzanzeige nach einem der vorhergehenden Ansprüche, die ferner Folgendes umfasst:

eine Abtastansteuerung (103), die konfiguriert ist, das zweite Abtastsignal (SCAN(n-1)) und das erste Abtast-
signal (SCAN(n)) auszugeben;
eine Emissionsansteuerung (104), die konfiguriert ist, das Emissionssteuersignal (EM(n)) auszugeben; und
mehrere Anzeigeleitungen (12a, 12b, 12c), die mit den Unterpixel verbunden sind,
wobei ein Ausgabeanschluss der Abtastansteuerung (103) mit einem Paar Unterpixel, die auf zwei benachbarten
Anzeigeleitungen der mehreren Anzeigeleitungen angeordnet sind, verbunden ist.

8. Elektrolumineszenzanzeige nach Anspruch 6, die ferner Folgendes umfasst:

eine erste Abtastansteuerung (103B), die konfiguriert ist, das zweite Abtastsignal (SCAN2) auszugeben;
eine zweite Abtastansteuerung (103A), die konfiguriert ist, das erste Abtastsignal (SCAN1) auszugeben;
eine Emissionsansteuerung (104), die konfiguriert ist, das Emissionssteuersignal (EM(n)) auszugeben; und
mehrere Anzeigeleitungen, die mit den Unterpixel verbunden sind,
wobei die erste Abtastansteuerung und die zweite Abtastansteuerung (103A, 103B) konfiguriert sind, einen
gemeinsamen Startimpuls gemeinsam zu nutzen, und die erste Abtastansteuerung (103B) und die zweite Ab-
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tastansteuerung (103) konfiguriert sind, Verschiebungstakte mit verschiedenen Impulsbreiten zu empfangen.

9. Elektrolumineszenzanzeige nach Anspruch 7 oder 8, wobei ein Ausgabeanschluss der Emissionsansteuerung (104)
mit einem Paar Unterpixel verbunden ist, die auf zwei benachbarten Anzeigeleitungen der mehreren Anzeigelei-
tungen angeordnet sind.

10. Elektrolumineszenzanzeige nach einem der vorhergehenden Ansprüche, die ferner einen dritten Kondensator (C3)
umfasst, der zwischen dem ersten Knoten (DTG) und einem dritten Knoten angeschlossen ist, wobei der dritte
Knoten mit einer Gate-Elektrode des vierten Schalttransistors (T4) und einer Signalleitung, die mit dem Emissions-
steuersignal (EM(n)) beliefert wird, verbunden ist.

11. Elektrolumineszenzanzeige nach Anspruch 1, wobei der erste Schalttransistor (T1) und/oder der zweiten Schalt-
transistor (T2) und/oder der dritte Schalttransistor (T3) und/oder der vierte Schalttransistor (T4) einen n-Typ-Oxid-
transistor enthalten, wobei der Ansteuerungstransistor (DT) ein P-Typ-Polysiliziumtransistor ist.

12. Elektrolumineszenzanzeige nach Anspruch 1, die ferner Folgendes umfasst:

einen fünften Schalttransistor (T5), der zwischen dem Ansteuerungstransistor (DT) und der Elektrolumines-
zenzdiode (OLED) angeschlossen ist, wobei der fünfte Schalttransistor (T5) konfiguriert ist, als Reaktion auf
das Emissionssteuersignal (EM(n)) einen Stromweg zwischen der zweiten Elektrode des Ansteuerungstran-
sistors (DT) und der Anode der Elektrolumineszenzdiode (OLED) zu bilden,
wobei eine Änderung der ersten Versorgungsspannung (VDD) sowohl an dem ersten Knoten als auch dem
zweiten Knoten während einer Abtastperiode (Tis) zum Erfassen einer Schwellenwertspannung des Ansteue-
rungstransistors (DT) oder während einer Emissionsperiode (Tem) der Elektrolumineszenzanzeige (OLED),
während der die Elektrolumineszenzanzeige (OLED) Licht aussendet, reflektiert wird.

13. Elektrolumineszenzanzeige nach Anspruch 12, die ferner Anzeigeleitungen umfasst, die mit den Unterpixel verbun-
den sind,
wobei eine Abtastperiode der Elektrolumineszenzanzeige die Abtastperiode zum Erfassen der Schwellenwertspan-
nung des Ansteuerungstransistors (DT), eine Pixelansteuerungsspannungseinstellperiode (Tw) zum Einstellen der
Datenspannungen als die Ansteuerungsspannung des Ansteuerungstransistors (DT) und die Emissionsperiode
(Tem), in der die Elektrolumineszenzdiode (OLED) Licht aussendet, enthält.

14. Elektrolumineszenzanzeige nach Anspruch 12, wobei der erste Schalttransistor (T1), der zweite Schalttransistor
(T2), der dritte Schalttransistor (T3), der vierte Schalttransistor (T4), der fünfte Schalttransistor (T5) und der Ansteu-
erungstransistor (DT) jeweils p-Typ-Transistoren enthalten.

Revendications

1. Affichage électroluminescent comprenant :

un panneau d’affichage (100) incluant une pluralité de pixels, chacun de la pluralité de pixels incluant des sous-
pixels,
dans lequel chaque circuit de sous-pixels inclut :

un transistor d’attaque (DT) avec la première électrode raccordée à l’anode d’une diode électroluminescente
(OLED),
le transistor d’attaque (DT) étant configuré pour l’attaque de la diode électroluminescente (OLED) ; et
un circuit de compensation interne comprenant :

un premier transistor de commutation (T1) avec la première électrode raccordée à la grille du transistor
d’attaque (DT), le premier transistor de commutation (T1) étant configuré pour alimenter une première
tension fournie par l’intermédiaire d’une ligne de données (11) à une électrode de grille du transistor
d’attaque (DT) en réponse à un premier signal de balayage (SCAN(n)) fourni par l’intermédiaire d’une
première ligne de balayage (12a) ;
un deuxième transistor de commutation (T2) avec la première électrode raccordée à la grille du transistor
d’attaque (DT), le deuxième transistor de commutation (T2) étant configuré pour alimenter une deuxiè-
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me tension fournie par l’intermédiaire d’une ligne de référence (14) à l’électrode de grille du transistor
d’attaque (DT) en réponse à un deuxième signal de balayage (SCAN(n-1)) fourni par l’intermédiaire
d’une deuxième ligne de balayage (12b) ;
un troisième transistor de commutation (T3) avec la première électrode raccordée à la deuxième élec-
trode du deuxième transistor de commutation (T2) et à la première électrode du transistor d’attaque
(DT), le troisième transistor de commutation (T3) étant configuré pour alimenter la deuxième tension
(VRef) fournie par l’intermédiaire de la ligne de référence (14) à la première électrode du transistor
d’attaque (DT) en réponse au deuxième signal de balayage (SCAN(n-1)) fourni par l’intermédiaire de
la deuxième ligne de balayage (12b) ;
un quatrième transistor de commutation (T4) avec la première électrode raccordée à la deuxième
électrode du transistor d’attaque (DT), le quatrième transistor de commutation (T4) étant configuré
pour alimenter une première tension d’alimentation (VDD) fournie par l’intermédiaire d’une ligne VDD
(13) à la deuxième électrode du transistor d’attaque (DT) en réponse à un signal de commande d’émis-
sion (EM(n)) fourni par l’intermédiaire d’une ligne de signal EM (12c) ;
un premier condensateur (C1) raccordé entre un premier noeud (DTG) qui est raccordé à l’électrode
de grille du transistor d’attaque (DT) et un deuxième noeud (DTS) qui est raccordé à la deuxième
électrode du transistor d’attaque (DT) ; et
un deuxième condensateur (C2) raccordé entre le deuxième noeud et une ligne d’alimentation électrique
alimentée avec la deuxième tension (Vref) fournie par l’intermédiaire de la ligne de référence (14) ou
la première tension d’alimentation (VDD) fournie par l’intermédiaire de la ligne VDD (13),
dans lequel une deuxième tension d’alimentation (VSS) fournie par l’intermédiaire d’une électrode VSS
est appliquée à la cathode de la diode électroluminescente (OLED), la deuxième tension d’alimentation
(VSS) est inférieure à la première tension d’alimentation (VDD) ;
dans lequel le deuxième transistor de commutation (T2) et le troisième transistor de commutation (T3)
sont activés en fonction d’une tension d’activation de grille du deuxième signal de balayage (SCAN(n-
1)) qui est appliquée au cours d’une période d’initialisation et d’échantillonnage (Tis) et le deuxième
signal de balayage (SCAN(n-1)) est maintenu à la tension de désactivation de grille au cours d’une
période restante à l’exception de la période d’initialisation et d’échantillonnage (Tis) ;
dans lequel le premier transistor de commutation (T1) est activé en fonction d’une tension d’activation
de grille du premier signal de balayage (SCAN(n)) qui est appliquée au cours d’une période de réglage
de tension d’attaque de pixel (Tw) à la suite de la période d’initialisation et d’échantillonnage (Tis) ;
dans lequel, après la désactivation du premier transistor de commutation (T1), du deuxième transistor
de commutation (T2) et du troisième transistor de commutation (T3), le quatrième transistor de com-
mutation (T4) est activé en fonction d’une tension d’activation de grille du signal de commande d’émis-
sion (EM(n)), et
dans lequel le quatrième transistor de commutation (T4) est configuré pour maintenir un état de dé-
sactivation au cours d’une période de désactivation du signal de commande d’émission (EM(n)).

2. Affichage électroluminescent selon la revendication 1, dans lequel la première tension est une tension de données
(Vdata) synchronisée avec le premier signal de balayage (SCAN(n)),
dans lequel la deuxième tension est une tension de référence (Vref) qui est supérieure à la deuxième tension
d’alimentation (VSS) et est inférieure à la première tension d’alimentation (VDD), et
dans lequel le premier signal de balayage (SCAN(n)) est un n-ième signal de balayage, et le deuxième signal de
balayage (SCAN(n-1)) est un (n-1)-ième signal de balayage avant le premier signal de balayage (SCAN(n)), où n
est un nombre entier positif.

3. Affichage électroluminescent selon la revendication 1, dans lequel la première tension est une tension de référence
(Vref) qui est supérieure à la deuxième tension d’alimentation (VSS) et est inférieure à la première tension d’ali-
mentation (VDD),
dans lequel la deuxième tension est une tension de données (Vdata) synchronisée avec le premier signal de balayage
(SCAN(n)), et
dans lequel le premier signal de balayage est un (n+1)-ième signal de balayage, et le deuxième signal de balayage
est un n-ième signal de balayage généré avant le premier signal de balayage, où n est un nombre entier positif.

4. Affichage électroluminescent selon l’une quelconque des revendications précédentes, dans lequel chacun du pre-
mier transistor de commutation (T1) et du deuxième transistor de commutation (T2) inclut une structure à deux
grilles et/ou chacun du premier transistor de commutation (T1), du deuxième transistor de commutation (T2), du
troisième transistor de commutation (T3), du quatrième transistor de commutation (T4) et du transistor d’attaque
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(DT) inclut un transistor de type p.

5. Affichage électroluminescent selon la revendication 1, dans lequel le deuxième signal de balayage (SCAN(n-1))
est appliqué aux (n-1)-ième sous-pixels et est synchronisé avec une (n-1)-ième tension de données, où n est un
nombre entier positif,
dans lequel le premier signal de balayage (SCAN(n)) est appliqué aux n-ième sous-pixels et est synchronisé avec
une n-ième tension de données, et
dans lequel le premier signal de balayage (SCAN(n)) est alimenté dans le circuit de pixel (20) à la suite du deuxième
signal de balayage (SCAN(n-1)).

6. Affichage électroluminescent selon la revendication 1, dans lequel la durée d’une largeur d’impulsion du deuxième
signal de balayage (SCAN(2)) est plus grande que celle d’une largeur d’impulsion du premier signal de balayage
(SCAN(1)).

7. Affichage électroluminescent selon l’une quelconque des revendications précédentes, comprenant en outre :

un circuit d’attaque de balayage (103) configuré pour délivrer le deuxième signal de balayage (SCAN(n-1)) et
le premier signal de balayage (SCAN(n)) ;
un circuit d’attaque d’émission (104) configuré pour délivrer le signal de commande d’émission (EM(n)) ; et une
pluralité de lignes d’affichage (12a, 12b, 12c) raccordées aux sous-pixels,
dans lequel une borne de sortie du circuit d’attaque de balayage (103) est raccordée à une paire de sous-pixels
agencés sur deux lignes d’affichage adjacentes de la pluralité de lignes d’affichage.

8. Affichage électroluminescent selon la revendication 6, comprenant en outre :

un premier circuit d’attaque de balayage (103B) configuré pour délivrer le deuxième signal de balayage
(SCAN2) ;
un deuxième circuit d’attaque de balayage (103A) configuré pour délivrer le premier signal de balayage
(SCAN1) ;
un circuit d’attaque d’émission (104) configuré pour délivrer le signal de commande d’émission (EM(n)) ; et
une pluralité de lignes d’affichage raccordées aux sous-pixels,
dans lequel le premier circuit d’attaque de balayage et le deuxième circuit d’attaque de balayage (103A, 103B)
sont configurés pour partager une impulsion de démarrage commune et le premier circuit d’attaque de balayage
(103B) et le deuxième circuit d’attaque de balayage (103A) sont configurés pour recevoir des horloges de
déplacement ayant des largeurs d’impulsion différentes.

9. Affichage électroluminescent selon la revendication 7 ou 8, dans lequel une borne de sortie du circuit d’attaque
d’émission (104) est raccordée à une paire de sous-pixels agencés sur deux lignes d’affichage adjacentes de la
pluralité de lignes d’affichage.

10. Affichage électroluminescent selon l’une quelconque des revendications précédentes, comprenant en outre un
troisième condensateur (C3) raccordé entre le premier noeud (DTG) et un troisième noeud, le troisième noeud étant
raccordé à une électrode de grille du quatrième transistor de commutation (T4) et à une ligne de signal alimentée
avec le signal de commande d’émission (EM(n)) .

11. Affichage électroluminescent selon la revendication 1, dans lequel au moins l’un du premier transistor de commu-
tation (T1), du deuxième transistor de commutation (T2), du troisième transistor de commutation (T3) et du quatrième
transistor de commutation (T4) inclut un transistor d’oxyde de type n, dans lequel le transistor d’attaque (DT) est
un transistor de polysilicium de type p.

12. Affichage électroluminescent selon la revendication 1, comprenant en outre :

un cinquième transistor de commutation (T5) raccordé entre le transistor d’attaque (DT) et la diode électrolu-
minescente (OLED), le cinquième transistor de commutation (T5) étant configuré pour former une voie de
courant entre la deuxième électrode du transistor d’attaque (DT) et l’anode de la diode électroluminescente
(OLED) en réponse au signal de commande d’émission (EM(n)),
dans lequel un changement de la première tension d’alimentation (VDD) est reflété à la fois au premier noeud
et au deuxième noeud au cours d’une période d’échantillonnage (Tis) pour la détection d’une tension de seuil
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du transistor d’attaque (DT) ou au cours d’une période d’émission (Tem) de l’affichage électroluminescent
(OLED) au cours de laquelle la diode électroluminescente (OLED) émet une lumière.

13. Affichage électroluminescent selon la revendication 12, comprenant en outre des lignes d’affichage raccordées aux
sous-pixels,
dans lequel une période de balayage de l’affichage électroluminescent inclut la période d’échantillonnage pour la
détection de la tension de seuil du transistor d’attaque (DT), une période de réglage de tension d’attaque de pixel
(Tw) pour le réglage de la tension de données en tant que la tension d’attaque du transistor d’attaque (DT), et la
période d’émission (Tem) au cours de laquelle la diode électroluminescente (OLED) émet une lumière.

14. Affichage électroluminescent selon la revendication 12, dans lequel le premier transistor de commutation (T1), le
deuxième transistor de commutation (T2), le troisième transistor de commutation (T3), le quatrième transistor de
commutation (T4), le cinquième transistor de commutation (T5) et le transistor d’attaque (DT) incluent chacun des
transistors de type p.
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