EP 3 477 625 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
01.05.2019 Bulletin 2019/18

(21) Application number: 18170979.1

(22) Date of filing: 07.05.2018

(11) EP 3 477 625 A1

EUROPEAN PATENT APPLICATION

(51) IntCL:

GO09G 3/3233(2016.01) GO09G 3/3266 (2016.07)

(84) Designated Contracting States:
AL AT BEBG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 31.10.2017 KR 20170144264

(71) Applicant: LG Display Co., Ltd.
SEOUL, 07336 (KR)

(72) Inventor: Chang, SungWook
10845 Gyeonggi-do (KR)

(74) Representative: Ter Meer Steinmeister & Partner
Patentanwalte mbB
Nymphenburger Strale 4
80335 Miinchen (DE)

(54)

(567)  Provided is an electroluminescent display de-
vice. The electroluminescent display device includes a
display panel including a display area in which an image
is displayed and a non-display area in which an image
is not displayed. The electroluminescent display device
further includes a subpixel including a subpixel circuit
disposed in the display area and an electroluminescent
element, wherein the subpixel circuit includes a driving
transistor, and. The electroluminescent display device
also includes a gate driver disposed in the non-display
area, and a variable voltage output unit disposed in the

GATE DRIVER AND ELECTROLUMINESCENT DISPLAY DEVICE INCLUDING THE SAME

non-display area and configured to supply a variable volt-
age to the subpixel. The variable voltage output unit se-
lectively outputs an initialization voltage or a reference
voltage to an anode of the electroluminescent element.
Therefore, the anode of the electroluminescent element
can be initialized using the initialization voltage during an
initialization period. And, a decrease in contrast ratio of
the electroluminescent display device can be sup-
pressed using the reference voltage whichis a sufficiently
high voltage to express a black grayscale of low bright-
ness during a sampling period.
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Description
BACKGROUND
Field

[0001] The presentdisclosure relates to a gate driver and an electroluminescent display device, and more particularly,
to a gate driver capable of expressing a black grayscale which is difficult to express as the resolution of a display device
increases and to an electroluminescent display device including the same.

Description of the Related Art

[0002] Electroluminescentdisplay devices are classified into inorganic electroluminescent display devices and organic
electroluminescent display devices according to materials used for an emission layer. Among them, an organic light
emitting display device includes an organic light emitting diode (OLED) that emits light by itself and has the advantages
of high response speed, high luminous efficiency, high brightness, and wide viewing angle.

[0003] The OLED as a self-light emitting element includes an anode, a cathode, and an organic compound layer
between the anode and the cathode. The organic compound layer 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, a hole from the HTL and an electron from the ETL move to the
EML and form an exciton. The EML generates visible light by exciton.

[0004] In the organic light emitting display device, pixels each including an OLED and a transistor are disposed in a
matrix form and the brightness of an image implemented on the pixels is controlled according to the grayscale of image
data. Each transistor may include a driving transistor that controls the amount of current of the OLED according to data
and a switching transistor that switches a current path of a pixel circuit. The driving transistor controls a driving current
flowing through the OLED depending on a voltage applied between a gate and a source of the driving transistor. The
amount of light emission and the brightness of the OLED are determined depending on the driving current.

[0005] All of the pixels need to have uniform pixel driving characteristics, such as a threshold voltage and electron
mobility of the driving transistor, to implement a uniform image quality without a difference in brightness and color between
pixels. However, there may be a difference in driving characteristics between pixels due to various reasons including
process variation. And, the difference in driving characteristics between pixels may be increased due to a difference in
speed of degradation between pixels over driving time of the display device. Therefore, the amount of driving current
flowing through the OLED varies depending on a difference in driving characteristics between pixels, which causes the
nonuniformity between pixels.

[0006] Accordingly, to improve an image quality and lifetime of an electroluminescent display device, a compensation
circuit configured to compensate for a difference in driving characteristics between pixels has been applied to an organic
light emitting display device. The compensation circuit may adopt internal compensation or external compensation. In
the internal compensation, a voltage between a gate and a source of a driving transistor which varies depending on the
electrical characteristics of the driving transistor is sampled using the compensation circuit in a pixel. Then, the sampled
voltage compensates for a data voltage. In the external compensation, a voltage of a pixel which varies depending on
the electrical characteristics of the driving transistors is sensed using a sensing circuit connected to the pixel. Then,
pixel data (digital data) of an input image are modulated in an external compensation circuit based on the sensed voltage.
[0007] In an internal compensation circuit, the brightness of an OLED may be affected by a high-potential power
voltage of a pixel. In this case, if the high-potential power voltage varies depending on a position of a pixel in a panel
due to voltage drop (IR drop) of the high-potential power voltage, there may be a difference between a current of the
OLED and a current required by a pixel. Thus, a uniform image quality cannot be obtained. In order to reduce the IR
drop of the high-potential power voltage, the width of a high-potential power voltage line may be increased. However,
in a high-resolution panel, the width of the high-potential power voltage line needs to be decreased and the length of
the high-potential power voltage line is increased. Therefore, in the case of a high-resolution and large-size panel, the
IR drop of the high-potential power voltage cannot be sufficiently improved by reducing a resistance of the high-potential
power voltage.

[0008] Also, in a sampling operation for sampling a threshold voltage of a driving transistor, a voltage lower than an
operating voltage of an OLED needs to be applied to an anode of the OLED to suppress unnecessary light emission
from the OLED. As the resolution of a panel is increased, a data voltage for expressing a black grayscale is gradually
decreased. Thus, a voltage applied to the anode of the OLED is gradually increased. Therefore, an effort to implement
a pixel circuit capable of expressing an appropriate black grayscale is needed.
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SUMMARY

[0009] An object to be achieved by the present disclosure is to provide a gate driver configured to apply a voltage to
a pixel circuit in which a voltage applied to an anode of an OLED is lower than an operating voltage of the OLED and
which can express a black grayscale, and to provide an electroluminescent display device including the same.

[0010] Objects of the present disclosure are not limited to the above-mentioned objects, and other objects, which are
not mentioned above, can be clearly understood by those skilled in the art from the following descriptions.

[0011] The above identified objects are solved by the features of the independent claims. According to an aspect of
the present disclosure, there is provided an electroluminescent display device. The electroluminescent display device
includes a display panel including a display area in which an image is displayed and a non-display area in which an
image is not displayed. The electroluminescent display device further includes a subpixel including a subpixel circuit
disposed in the display area and an electroluminescent element, wherein the subpixel circuitincludes a driving transistor.
The electroluminescent display device also includes a gate driver disposed in the non-display area, and a variable
voltage output unit disposed in the non-display area and configured to supply a variable voltage to the subpixel. The
variable voltage output unit selectively outputs an initialization voltage or a reference voltage to an anode of the elec-
troluminescent element. Therefore, in the electroluminescent display device according to the present disclosure, the
anode of the electroluminescent element can be initialized using the initialization voltage during an initialization period.
And, in the electroluminescent display device, a decrease in the contrast ratio of the electroluminescent display device
can be suppressed or minimized using the reference voltage which is a sufficiently high voltage to express a black
grayscale of low brightness during a sampling period.

[0012] The subpixel circuit may include a capacitor connected to a gate of the driving transistor. The variable voltage
output unit may output the variable voltage in order to apply the variable voltage to an electrode on one side or an
electrode on the other side of the capacitor.

[0013] The variable voltage output unit may output the initialization voltage during an initialization period for initializing
the anode of the electroluminescent element. The variable voltage output unit may output the reference voltage during
a sampling period for sampling a threshold voltage of the driving transistor.

[0014] The variable voltage output unit may include a first variable voltage transistor and a second variable voltage
transistor. The first variable voltage transistor may be turned on to output the initialization voltage to a variable voltage
line to which the variable voltage is applied. The second variable voltage transistor may be turned on to output the
reference voltage to the variable voltage line.

[0015] The gate driver may include a pull-up transistor and a pull-down transistor. The pull-up transistor and the first
variable voltage transistor may be turned on and off as synchronized with each other. The pull-down transistor and the
second variable voltage transistor may be turned on and off as synchronized with each other. The term synchronized
may refer to a time-synchronization of the switching time of these transistors. So, the pull-up transistor and the first
variable voltage transistor may be switched simultaneously. So, the pull-down transistor and the second variable voltage
transistor may be switched simultaneously.

[0016] The display panel may include an nth pixel line and an mth data line (n and m are natural numbers of 1 or
more). The subpixel may be on a jth (1 <j < n, jis a natural number) pixel line and may emit light with brightness
corresponding to a kth (1 <k <m, kis a natural number) data voltage. The subpixel may include a first transistor of which
a gate is connected to a jth scan line and a first electrode is connected to a kth data line; a second transistor of which
a gate is connected to the jth scan line, a first electrode is connected to a drain of the driving transistor, and a second
electrode is connected to a gate of the driving transistor; a driving transistor of which a gate is connected to a gate node,
a first electrode is connected to a high-potential power voltage line, and a drain is connected to the first electrode of the
second transistor; a capacitor of which an electrode on one side is connected to the gate node of the driving transistor
and an electrode on the other side is connected to a second electrode of the first transistor; a third transistor of which
a gate is connected to a jth emission control signal line, a first electrode is connected to the electrode on the other side
of the capacitor, and a second electrode is connected to a variable voltage line to which the variable voltage is applied;
a fourth transistor of which a gate is connected to the jth emission control signal line, a first electrode is connected to
the drain of the driving transistor, and a second electrode is connected to the anode of the electroluminescent element;
a fifth transistor of which a gate is connected to a j-1th scan line, a first electrode is connected to the second electrode
of the fourth transistor, and a second electrode is connected to the variable voltage line; a sixth transistor of which a
gate is connected to the j-1th scan line, a first electrode is connected to the gate node of the driving transistor, and a
second electrode is connected to the variable voltage line; and a seventh transistor of which a gate is connected to the
j-1th scan line, afirst electrode is connected to the high-potential power voltage line, and a second electrode is connected
to the electrode on the other side of the capacitor.

[0017] According to another aspect of the present disclosure, there is provided an electroluminescent display device.
The electroluminescent display device includes a display panel including a display area in which an image is displayed
and a non-display area in which an image is not displayed. The electroluminescent display device further includes a
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subpixelincluding a subpixel circuit disposed in the display area and an electroluminescent element, wherein the subpixel
circuit includes a driving transistor and a capacitor connected to a gate of the driving transistor. The electroluminescent
display device also includes a gate driver disposed in the non-display area, and a variable voltage output unit disposed
in the non-display area and configured to supply a variable voltage to the subpixel. The variable voltage output unit
selectively outputs a high-potential power voltage or a reference voltage to a source of the driving transistor and an
electrode on one side of the capacitor. Therefore, in the electroluminescent display device according to the present
disclosure, a driving current of the electroluminescent element is not affected by the high-potential power voltage. Thus,
a uniform image quality can be implemented in a high-resolution panel to provide a large-size panel with improved
brightness and image quality. Also, a decrease in the contrast ratio of the electroluminescent display device can be
suppressed or minimized.

[0018] The variable voltage output unit may output the reference voltage during an initialization period for initializing
the gate of the driving transistor and a sampling period for sampling a threshold voltage of the driving transistor. The
variable voltage output unit may output the high-potential power voltage during a holding period and an emission period
subsequent to the sampling period.

[0019] The variable voltage output unit may include a first variable voltage transistor and a second variable voltage
transistor. The first variable voltage transistor may be turned on to output the high-potential power voltage to a variable
voltage line to which the variable voltage is applied. The second variable voltage transistor may be turned on to output
the reference voltage to the variable voltage line.

[0020] The gate driver may include a pull-up transistor and a pull-down transistor. The pull-up transistor and the first
variable voltage transistor may be turned on and off as synchronized with each other and the pull-down transistor and
the second variable voltage transistor may be turned on and off as synchronized with each other.

[0021] The display panel may include an nth pixel line and an mth data line (n and m are natural numbers of 1 or
more). The subpixel is on a jth (1 <j <n, jis a natural number) pixel line and emits light with brightness corresponding
to a kth (1 < k <m, k is a natural number) data voltage. The subpixel may include a driving transistor of which a gate is
connected to a gate node, a source is connected to the source node, and a drain is connected to a drain node; a first
transistor of which a gate is connected to a jth scan line, a first electrode is connected to a kth data line, and a second
electrode is connected to the source node; a second transistor of which a gate is connected to the jth scan line, a first
electrode is connected to the drain node, and a second electrode is connected to the gate node; a capacitor of which
an electrode on one side is connected to the gate node and an electrode on the other side is connected to a variable
voltage line to which the variable voltage is applied; a third transistor of which a gate is connected to a jth emission
control signal line, a first electrode is connected to the source node, and a second electrode is connected to the variable
voltage line; a fourth transistor of which a gate is connected to a gate of the jth emission control signal line, a first electrode
is connected to the drain node, and a second electrode is connected to the anode of the electroluminescent element; a
fifth transistor of which a gate is connected to a j-1th scan line, a first electrode is connected to the electrode on the
other side of the capacitor, and a second electrode is connected to an initialization voltage line to which an initialization
voltage is applied; and a sixth transistor of which a gate is connected to the jth scan line, a first electrode is connected
to the second electrode of the fourth transistor, and a second electrode is connected to the initialization voltage line.
[0022] According to yet another aspect of the present disclosure, there is provided a gate driver configured to output
a scan signal to a subpixel for displaying an image. The gate driver includes a pull-up transistor turned on or off by a
voltage of a Q node and a pull-down transistor turned on or off by a voltage of a QB node. The gate driver further includes
a node controller configured to control the voltages of the Q node and the QB node and a variable voltage output unit
configured to selectively output any one of an initialization voltage, a high-potential power voltage, and a reference
voltage depending on a driving period of the subpixel. Therefore, the number of power supply lines to be disposed in
the subpixel can be reduced.

[0023] The variable voltage output unit may include a first variable voltage transistor and a second variable voltage
transistor. A gate of the first variable voltage transistor may be connected to the Q node. A gate of the second variable
voltage transistor may be connected to the QB node.

[0024] A first electrode of the first variable voltage transistor may be connected to an initialization voltage line or a
high-potential power voltage line to which the initialization voltage or the high-potential power voltage is applied, respec-
tively. A first electrode of the second variable voltage transistor may be connected to a reference voltage line to which
the reference voltage is applied.

[0025] Other detailed matters of the embodiments are included in the detailed description and the drawings.

[0026] According to the present disclosure, a variable voltage which can be changed to an initialization voltage and
a reference voltage depending on a driving period of a subpixel is applied to the subpixel. Therefore, an anode of an
electroluminescent element can be initialized using the initialization voltage during an initialization period. And, a decrease
in the contrast ratio of an electroluminescent display device can be suppressed or minimized using the reference voltage
which is a sufficiently high voltage to express a black grayscale of low brightness during a sampling period.

[0027] According to the present disclosure, a gate driver for a display device includes a variable voltage output unit
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configured to selectively output any one of an initialization voltage, a high-potential power voltage, and a reference
voltage to a variable voltage line. Therefore, the number of power supply lines to be disposed in a subpixel can be reduced.
[0028] According to the present disclosure, a driving current of an electroluminescent element for a display device is
not affected by a high-potential power voltage. Therefore, a uniform image quality can be implemented in a high-resolution
panel, and, thus, a large-size panel with improved brightness and image quality can be provided.

[0029] The objects to be achieved by the present disclosure, the aspects, and the effects of the present disclosure
described above do not specify essential features of the claims, and, thus, the scope of the claims is not limited to the
disclosure of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects, features and other advantages of the present disclosure will be more clearly
understood from the following detailed description taken in conjunction with the accompanying drawings, in which:

FIG. 1is a block diagram illustrating an electroluminescent display device according to an embodiment of the present
disclosure;

FIG. 2 is a block diagram illustrating a subpixel illustrated in FIG. 1 and a signal input into the subpixel;

FIG. 3 is a circuit diagram of a subpixel according to a first embodiment of the present disclosure;

FIG. 4 is a waveform diagram provided to explain driving characteristics of a pixel circuit illustrated in FIG. 3;

FIG. 5 is a diagram illustrating a configuration of a gate driver according to the first embodiment of the present
disclosure;

FIG. 6 is a circuit diagram of a subpixel according to a second embodiment of the present disclosure;

FIG. 7 is a waveform diagram provided to explain driving characteristics of a pixel circuit illustrated in FIG. 6;

FIG. 8 is a diagram illustrating a configuration of a gate driver according to the second embodiment of the present
disclosure;

FIG. 9 is a block diagram illustrating a gate driver and a subpixel according to an embodiment of the present
disclosure; and

FIG. 10 is a graph showing a driving current of an OLED depending on an S-factor.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0031] The advantages and characteristics of the present disclosure and a method of achieving the advantages and
characteristics will be clear by referring to embodiments described below in detail together with the accompanying
drawings. However, the present disclosure is not limited to embodiments disclosed herein but will be implemented in
various forms. The embodiments are provided by way of example only so that a person of ordinary skilled in the art can
fully understand the disclosures of the present disclosure and the scope of the present disclosure. Therefore, the present
disclosure will be defined only by the scope of the appended claims.

[0032] The shapes, sizes, ratios, angles, numbers, and the like illustrated in the accompanying drawings for describing
the embodiments of the present disclosure are merely examples, and the present disclosure is not limited thereto. Like
reference numerals generally denote like elements throughout the specification. And, in the following description of the
presentdisclosure, a detailed explanation of known related technologies may be omitted to avoid unnecessarily obscuring
the subject matter of the present disclosure. The terms such as "including," "having," and "consist of" used herein are
generally intended to allow other components to be added unless the terms are used with the term "only". Any references
to singular may include plural unless expressly stated otherwise.

[0033] Components are interpreted to include an ordinary error range even if not expressly stated.

[0034] When the position relation between two parts is described using the terms such as "on", "above", "below", and
"next", one or more parts may be positioned between the two parts unless the terms are used with the term "immediately"
or "directly".

[0035] When the time sequence between two or more incidents is described using the terms such as "after", "subse-
quent to", "next to", and "before", two or more incidents may be inconsecutive unless the terms are used with the term
"immediately" or "directly".

[0036] Thefeatures of various embodiments of the present disclosure can be partially or entirely adhered to or combined
with each other and can be interlocked and operated in technically various ways as understood by those skilled in the
art, and the embodiments can be carried out independently of or in association with each other.

[0037] In the present disclosure, a pixel circuit and a gate driver formed on a substrate of a display panel may be
implemented as n-type or p-type transistors. For example, a transistor may be implemented as having an MOSFET
(Metal Oxide Semiconductor Field Effect Transistor) structure. The transistor is a three-electrode element including a
gate, a source, and a drain. The source is an electrode for supplying carriers to the transistor. The carriers inside the
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transistor start to flow from the source. The drain is an electrode from which the carriers exit the transistor. For example,
the carriers in the transistor flow from the source to the drain. In an n-type transistor, the carriers are electrons. Therefore,
a source voltage is lower than a drain voltage so that electrons can flow from a source to a drain. In the n-type transistor,
electrons flow from the source to the drain, and, thus, a current flows from the drain to the source. In a p-type transistor,
the carriers are holes. Therefore, a source voltage is higher than a drain voltage so that holes can flow from the source
to the drain. In the p-type transistor, holes flow from the source to the drain, and, thus, a current flows from the source
to the drain. The source and the drain of the transistor are not fixed but may be changed depending on an applied
voltage. In the following description, a drain of a transistor may be referred to a first electrode and a source of that
transistor may be referred to as a second electrode.

[0038] In the following description, a gate-on voltage may be a voltage of a gate signal at which the transistor can be
turned on. A gate-off voltage may be a voltage at which the transistor can be turned off. In the p-type transistor, the gate-
on voltage may be a gate-low voltage (or a logic-low voltage) VL and the gate-off voltage may be a gate-high voltage
(or a logic-high voltage) VH. In the n-type transistor, the gate-on voltage may be a gate-high voltage VH and the gate-
off voltage may be a gate-low voltage VL.

[0039] Hereinafter, an electroluminescent display device according to embodiments of the present disclosure will be
described with reference to the accompanying drawings. All components of the electroluminescent display device ac-
cording to all embodiments of the present disclosure are operatively coupled and configured.

[0040] FIG. 1 is a block diagram illustrating an electroluminescent display device according to an embodiment of the
present disclosure.

[0041] Referring to FIG. 1, an electroluminescent display device 100 includes an image processor 110, a timing
controller 120, a gate driver 130, a data driver 140, a display panel 150, and a power supply unit 180.

[0042] The image processor 110 outputs image data supplied from the outside with driving signals for driving various
devices. The driving signals output from the image processor 110 may include a data enable signal, a vertical synchro-
nization signal, a horizontal synchronization signal, and a clock signal.

[0043] The timing controller 120 is supplied with the image data and the driving signals from the image processor 110.
The timing controller 120 outputs a gate timing control signal GDC for controlling an operation timing of the gate driver
130 and a data timing control signal DDC for controlling an operation timing of the data driver 140 on the basis of the
driving signals.

[0044] The gate driver 130 outputs a gate signal in response to the gate timing control signal GDC supplied from the
timing controller 120. The gate driver 130 outputs the gate signal to gate lines GL1, ..., GLn. The gate signal includes a
plurality of scan signals and emission control signals. Thus, each of the gate lines may include a plurality of scan lines
and emission control signal lines. The gate driver 130 may be disposed on one side of the display panel 150 in the form
of an IC (integrated circuit). The gate driver 130 may be disposed through a chip on film (COF) method or disposed
within the display panel 150 through a gate in panel (GIP) method. The gate driver 130 may be disposed on left and
right sides or any one side of the display panel 150. The gate driver 130 includes a plurality of stages. For example, an
nth stage of the gate driver 130 outputs an nth scan signal for driving an nth scan line of the display panel 150.

[0045] The data driver 140 outputs a data voltage in response to the data timing control signal DDC supplied from the
timing controller 120. The data driver 140 samples and latches a digital data signal DATA supplied from the timing
controller 120 to convert the data signal DATA into an analog data signal on the basis of a gamma reference voltage.
The data driver 140 outputs the data signal converted into an analog form to data lines DL1, ..., DLm. The data driver
140 may be formed on the display panel 150 in the form of an IC (integrated circuit) or may be formed on the display
panel 150 through a chip on film (COF) method.

[0046] The power supply unit 180 outputs a high-potential power voltage VDD and a low-potential power voltage VSS.
The high-potential power voltage VDD and the low-potential power voltage VSS output from the power supply unit 180
are supplied to the display panel 150. The high-potential power voltage VDD is supplied to the display panel 150 through
a high-potential power line and the low-potential power voltage VSS is supplied to the display panel 150 through a low-
potential power line. A voltage output from the power supply unit 180 may be used in the gate driver 130 or the data
driver 140. The power supply unit 180 may incorporate a variable voltage output unit that selectively outputs any one of
an initialization voltage, a high-potential power voltage, and a reference voltage depending on a driving period of the
subpixel.

[0047] The display panel 150 displays an image in response to the gate signal and the data signal supplied from the
gate driver 130 and the data driver 140, respectively, and the power supplied from the power supply unit 180. The display
panel 150 includes a plurality of subpixels SPs which operate to display an image.

[0048] The display panel 150 includes a display area in which the subpixels SPs are formed and a non-display area,
in which various signal lines or pads are formed, outside the display area. The display area refers to an area where an
image is displayed, and, thus, the subpixels SPs are positioned. The non-display area refers to an area where an image
is not displayed, and, thus, dummy subpixels are positioned or the subpixels SPs are not positioned. A variable voltage
output unit may be arranged in the non-display area and may supply a variable voltage to the subpixel, wherein the
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variable voltage output unit selectively outputs an initialization voltage or a reference voltage to an anode of an electro-
luminescent element, e.g. a subpixel SP, in the display area.

[0049] Thedisplay areaincludes a plurality of subpixels SPs and displays animage on the basis of grayscales expressed
by the subpixels SPs. The subpixels SPs are connected to data lines aligned along a column line and gate lines aligned
along a pixel line (or scan line) or a row line. Subpixels SPs disposed on the same pixel line share the same gate line
and operate at the same time. And, if subpixels SPs disposed on a first pixel line are defined as first subpixels and
subpixels SPs disposed on an nth pixel line are defined as nth subpixels, the first subpixels to the nth subpixels operate
in sequence.

[0050] The subpixels SPs in the display panel 150 are disposed in a matrix form to form a pixel array, but may not be
limited thereto. The subpixels SPs may be disposed in various forms such as a pixel-sharing form, a stripe form, and a
diamond form in addition to the matrix form.

[0051] The subpixels SPs may include a red subpixel, a green subpixel, and a blue subpixel, or may include a white
subpixel, a red subpixel, a green subpixel, and a blue subpixel. The subpixels SPs may have one or more different
emission areas depending on emission characteristics.

[0052] FIG. 2 is a block diagram illustrating a subpixel SP illustrated in FIG. 1 and a signal input into the subpixel.
Each of the subpixels SPs in FIG. 1 can have the same or similar configuration as the subpixel SP of FIG. 2 or any other
subpixel SP disclosed in the figures, embodiments, and/or examples of the present disclosure.

[0053] Referring to FIG. 2, a single subpixel SP is connected to a gate line GL, a data line DL, a high-potential power
voltage line VDDL, a low-potential power voltage line VSSL, and a variable voltage line VVL. In the subpixel SP, the
number of transistors and capacitors, the kind of power to be input, and a driving method are determined depending on
a configuration of a pixel circuit. In this case, the gate signal includes a plurality of scan signals and emission control
signals. Thus, the gate line GL may include a plurality of scan lines through which a scan signal is transferred. Therefore,
the gate driver of FIG.1 may supply one or more scan signals to a single pixel circuit.

[0054] FIG. 3is a circuit diagram of a subpixel according to a first embodiment of the present disclosure. In an example,
each of the subpixels of FIG. 1 can have the configuration of the subpixel of FIG. 3. FIG. 4 is a waveform diagram
provided to explain driving characteristics of a pixel circuit illustrated in FIG. 3. The pixel circuit illustrated in FIG. 3 will
be described with reference to a subpixel SP which is disposed on a jth pixel line of the display area and emits light with
brightness corresponding to a kth data voltage. In this case, j and k are natural numbers and satisfy 1 <j<nand 1 <k
<m. The pixel circuit is arranged in a display area and may be driven according to the embodiment of FIG. 1.

[0055] Referring to FIG. 3 and FIG. 4, the subpixel SP includes an electroluminescent element EL, and a pixel circuit
including a plurality of transistors DT and T1 to T7 and a storage capacitor Cst. Such a pixel circuit may be referred to
as 8T1C circuit. In the first embodiment of the present disclosure, the transistors will be described as p-type transistors.
[0056] The pixel circuit includes an internal compensation circuit configured to compensate for a threshold voltage of
the driving transistor DT. The subpixel is applied with pixel power such as the high-potential power voltage VDD, the
low-potential power voltage VSS, and a variable voltage VV1. And, the subpixel is applied with a pixel driving signal
such as aj-1th scan signal SCAN(j-1), a jth scan signal SCAN(j), a jth emission control signal EM(j), and a kth data voltage.
[0057] The scan signals SCAN(j-1) and SCAN(j) and the jth emission control signal EM(j) are supplied to a gate line
by the gate driver 130. The gate line includes a j-1th scan line SCANL(j-1), a jth scan line SCANL(j), and a jth emission
control signal line EML(j). The kth data voltage is supplied to a kth data line DLk from the data driver 140. The scan
signals SCAN(j-1) and SCAN(j) swing between the logic-low voltage VL and the logic-high voltage VH with a pulse width
of one horizontal period. In the first embodiment of the present disclosure, the transistors DT and T1 to T7 are p-type
transistors. Therefore, the logic-low voltage VL is a gate-on voltage and the logic-high voltage VH is a gate-off voltage.
[0058] Referring to FIG. 4, the jth scan signal SCAN(j) to be synchronized with the kth data voltage subsequent to the
j-1th scan signal SCAN(j-1) is supplied to the subpixel SP. A driving method of the subpixel SP may proceed from an
initialization period INI to a sampling period SAM, a holding period HLD and an emission period EMI. An on-level voltage
of the j-1th scan signal SCAN(j-1) is input into the subpixel SP during the initialization period INI and maintained as an
off-level voltage during the other periods except the initialization period INI. An on-level voltage of the jth scan signal
SCAN(j) is input into the subpixel SP during the sampling period SAM and maintained as an off-level voltage during the
other periods except the sampling period SAM. An off-level voltage of the jth emission control signal EM(j) is maintained
during a period including an overlap period in which both the j-1th scan signal SCAN(j-1) and the jth scan signal SCAN(j)
have the on-level voltage. For example, the off-level voltage of the jth emission control signal EM(j) may correspond to
three horizontal periods.

[0059] The electroluminescent element EL emits light with the amount of current controlled by the driving transistor
DT depending on a data voltage and expresses the brightness corresponding to a data grayscale of an input image. As
a data voltage applied to the subpixel SP illustrated in FIG. 3 is increased, a voltage between a source and a gate of
the driving transistor DT is increased, and, thus, the brightness of the pixel is increased. And, as the variable voltage
VV1 applied to the subpixel SP is decreased, a driving current of the driving transistor DT is increased, and, thus, the
brightness of the pixel is increased. Furthermore, as the variable voltage VV1 applied to the pixel circuit is increased,
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the driving current is decreased, and, thus, the brightness of the pixel is decreased. As the resolution of the display
panel 150 is increased, a black current for expressing a black grayscale is gradually decreased. However, the variable
voltage VV1 cannot be continuously increased in order to express the black grayscale. The variable voltage VV1 is a
voltage for initializing an anode of the electroluminescent element EL. Therefore, if the variable voltage VV1 is high, the
electroluminescent element EL may emit light. And, there is a capacitor between the anode and a cathode of the
electroluminescent element EL. Therefore, when charges in the capacitor formed between the anode and the cathode
are discharged through the electroluminescent element EL, the black brightness may be increased. Accordingly, it is
necessary to set the variable voltage VV1 suitable to express the brightness of a black grayscale.

[0060] FIG. 10 is a graph showing a driving current loled of an OLED depending on an S-factor. The horizontal axis
of the graph represents a variable voltage VV and the vertical axis represents a log value of the driving current loled of
the OLED. FIG. 10 illustrates a graph obtained by conducting an experiment in which a signal is applied to the subpixel
SP as illustrated in FIG. 3. And, the S-factor is one of values representing performances of a transistor and indicates
how fast an anode of the OLED can be charged with a voltage. In this case, the S-factor represents a characteristic of
a driving transistor.

[0061] With the recentimprovement in performances of display panels, a value of the S-factor is increasing. As a value
of the S-factor is increased, a minimum value of the driving current loled of the OLED is increased. For example, if a
log value of a current corresponding to a target value Target B of a black grayscale is 1.00 x 10-12, when the S-factor is
increased, itmay be impossible to set the variable voltage VV that satisfies the target value Target B of the black grayscale.
[0062] Therefore, the variable voltage VV is set not as a fixed voltage but as a changeable voltage to satisfy the target
value Target B of the black grayscale. The driving method of the subpixel SP will be described in detail as follows.
[0063] Referring to FIG. 3 and FIG. 4 again, a current path of the electroluminescent element EL is turned on/off by
a fourth transistor T4 which is controlled in response to an emission control signal EM(j). The electroluminescent element
EL may be, for example, an OLED, and the OLED includes an organic compound layer formed between an anode and
a cathode. The organic compound layer may include at least one of an EML, an HIL, an HTL, an ETL, and an EIL, but
may not be limited thereto. The anode of the electroluminescent element EL is connected to a second electrode of the
fourth transistor T4. The cathode of the electroluminescent element EL is connected to the low-potential power voltage
line VSSL to which the low-potential power voltage VSS is applied.

[0064] The driving transistor DT is a driving element configured to control a driving current flowing through the elec-
troluminescent element EL depending on a voltage between a source and a gate. The driving transistor DT includes a
gate connected to a gate node DTG of the driving transistor, a source connected to the high-potential power voltage
line VDDL to which a high-potential power voltage VDD is applied, and a drain connected to a first electrode of the fourth
transistor T4.

[0065] Afirsttransistor T1is a switching element configured to supply the kth data voltage to a first node N1 in response
to the jth scan signal SCAN(j). The jth scan signal SCAN(j) is supplied to the subpixel SP through the jth scan line
SCANL(j). The kth data voltage is a voltage to be synchronized with the jth scan signal SCAN(j). The first transistor T1
includes a gate connected to the jth scan line SCANL(j), a first electrode connected to the first node N1, and a second
electrode connected to the kth data line DLk.

[0066] The capacitor Cst is connected between the first node N1 and the gate node DTG of the driving transistor.
[0067] A second transistor T2is a switching element configured to diode-connect the driving transistor DT by electrically
connecting a current path between the gate and the drain of the driving transistor DT in response to the jth scan signal
SCAN(j). If the driving transistor DT is diode-connected, a potential of the gate and the drain of the driving transistor DT
is "VDD - |Vth|". Therefore, if the driving transistor DT is diode-connected, a threshold voltage Vth of the driving transistor
DT is sampled. The second transistor T2 includes a gate connected to the jth scan line SCANL(j), a first electrode
connected to the drain of the driving transistor DT, and a second electrode connected to the gate of the driving transistor
DT.

[0068] A third transistor T3 is a switching element configured to supply the variable voltage VV1 to the first node N1
in response to the jth emission control signal EM(j). The jth emission control signal EM(j) is supplied to the subpixel
through the jth emission control signal line EML(j). The third transistor T3 includes a gate connected to the jth emission
control signal line EMLY(j), a first electrode connected to the first node N1, and a second electrode connected to a variable
voltage line VVL1 to which the variable voltage VV1 is applied.

[0069] The fourth transistor T4 is a switching element configured to enable a driving current generated in the driving
transistor DT to be applied to the anode of the electroluminescent element EL by electrically connecting a current path
between the drain of the driving transistor DT and the anode of the electroluminescent element EL in response to the
jth emission control signal EM(j). The fourth transistor T4 includes a gate connected to the jth emission control signal
line EML(j), a first electrode connected to the drain of the driving transistor DT, and a second electrode connected to
the anode of the electroluminescent element EL. The fourth transistor T4 blocks a current path between the driving
transistor DT and the electroluminescent element EL during the initialization period INI, the sampling period SAM, and
the holding period HLD to suppress unwanted emission of the electroluminescent element EL. If the electroluminescent
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element EL emits light during the other periods except the emission period EMI, the brightness of a black grayscale is
increased, and, thus, the contrast ratio may be decreased. The black grayscale has the minimum grayscale value, for
example, 00000000(2), in pixel data. The brightness of a pixel at the black grayscale may be the minimum brightness.
And, if the image processor 110 requires a high variable voltage VV1, an anode voltage of the electroluminescent element
EL may be increased during the sampling period SAM. Thus, a current may flow through the electroluminescent element
EL and the electroluminescent element EL may emit light. Therefore, in order to suppress emission of the electrolumi-
nescent element EL during the other periods except the emission period EMI, the fourth transistor T4 blocks a current
path connected to the electroluminescent element EL during the initialization period INI, the sampling period SAM, and
the holding period HLD and connects the current path between the electroluminescent element EL and the driving
transistor DT during the emission period EMI in response to the jth emission control signal EM(j).

[0070] A fifth transistor T5 is a switching element configured to supply the variable voltage VV1 to the second electrode
of the fourth transistor T4 in response to the j-1th scan signal SCAN(j-1). The fifth transistor T5 includes a gate connected
to the j-1th scan line SCANL(j-1), a first electrode connected to the second electrode of the fourth transistor T4, and a
second electrode connected to the variable voltage line VVL1 to which the variable voltage VV1 is applied.

[0071] A sixth transistor T6 is a switching element configured to supply the variable voltage VV1 to the gate node DTG
of the driving transistor in response to the j-1th scan signal SCAN(j-1). The sixth transistor T6 includes a gate connected
to the j-1th scan line SCANL(j-1), a first electrode connected to the gate node DTG of the driving transistor, and a second
electrode connected to the variable voltage line VVL1.

[0072] A seventh transistor T7 is a switching element configured to supply the high-potential power voltage VDD to
the first node N1 in response to the j-1th scan signal SCAN(j-1). The seventh transistor T7 includes a gate connected
to the j-1th scan line SCANL(j-1), a first electrode connected to the high-potential power voltage line VDDL to which the
high-potential power voltage VDD is applied, and a second electrode connected to the first node N1.

[0073] In this case, the second and sixth transistors T2 and T6 connected to the gate of the driving transistor DT are
turned off for a long time and thus vulnerable to a leakage current. If a leakage current occurs in the second and sixth
transistors T2 and T6, a voltage of the gate node DTG of the driving transistor is changed during the emission period
EMI. Thus, it is difficult to implement a desired grayscale. Therefore, the second and sixth transistors T2 and T6 may
be configured to have a dual-gate structure in order to reduce a leakage current. The dual-gate structure refers to a
structure in which two transistors are connected in series and controlled in response to the same gate signal. And, if the
second and sixth transistors T2 and T6 are implemented as transistors, for example, oxide transistors, in which a very
small leakage current occurs, they may be configured to have a single-gate structure.

[0074] Hereinafter, the driving characteristics of the subpixel SP will be described. One frame for driving the subpixel
circuit illustrated in FIG. 4 includes the initialization period INI in which the j-1th scan signal SCAN(j-1) is input into the
j-1th scan line SCANL(j-1), the sampling period SAM in which the jth scan signal SCAN(j) is input into the jth scan line
SCANL(j), the emission period EMI in which the electroluminescent element EL emits light, and the holding period HLD
between the sampling period SAM and the emission period EMI.

[0075] During the initialization period INI, a voltage of the j-1th scan signal SCAN(j-1) is reversed to a gate-on voltage
and the jth emission control signal EM(j) is reversed to a gate-off voltage. During the initialization period INI, the jth scan
signal SCAN(j) maintains a gate-off voltage.

[0076] As the fifth transistor T5 is turned on in response to the gate-on voltage of the j-1th scan signal SCAN(j-1) in
the initialization period INI, the variable voltage VV1 is applied to the anode of the electroluminescent element EL through
the fifth transistor T5.

[0077] And, as the sixth transistor T6 is turned on in response to the gate-on voltage of the j-1th scan signal SCAN(j-
1), the variable voltage VV1 is applied to the gate node DTG of the driving transistor through the sixth transistor T6.
[0078] And, asthe seventh transistor T7 is turned on in response to the gate-on voltage of the j-1th scan signal SCAN(j-
1), the high-potential power voltage VDD is applied to the first node N1 through the seventh transistor T7.

[0079] Therefore, during the initialization period INI, the voltages of the anode of the electroluminescent element EL,
the gate node DTG of the driving transistor, and the first node N1 are initialized using the variable voltage VV1 and the
high-potential power voltage VDD, respectively. And, during the initialization period INI, the first to fourth transistors T1
to T4 and the driving transistor DT except the fifth transistor T5, the sixth transistor T6, and the seventh transistor T7
are turned off. In this case, the variable voltage VV1 is an initialization voltage VINI for initializing the gate node DTG of
the driving transistor. The initialization voltage VINI is higher than the logic-low voltage VL. For example, the initialization
voltage VINI is -3 V and the logic-low voltage VL is -7 V.

[0080] During the sampling period SAM, the voltage of the j-1th scan signal SCAN(j-1) is reversed to a gate-off voltage
and a voltage of the jth scan signal SCAN(j) is reversed to a gate-on voltage. During the sampling period SAM, the jth
emission control signal EM(j) maintains the gate-off voltage.

[0081] As the first transistor T1 is turned on in response to the gate-on voltage of the jth scan signal SCAN(j) in the
sampling period SAM, the data voltage is applied to the first node N1 through the first transistor T1. Since the first node
N1 is applied with the data voltage, a potential of the first node N1 is changed from the high-potential power voltage
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VDD to the data voltage. In this case, the data voltage may be denoted as Vdata. The data voltage is applied to an
electrode on one side of the capacitor Cst through the first node N1.

[0082] And, as the second transistor T2 is turned on in response to the gate-on voltage of the jth scan signal SCAN(j),
the driving transistor DT is diode-connected. If the driving transistor DT is diode-connected, a potential of the gate and
the drain of the driving transistor DT is "VDD - |Vth|" due to a current flowing through the driving transistor DT. In this
case, if the driving transistor DT is diode-connected, the threshold voltage Vth of the driving transistor DT is sampled
and then applied to an electrode on the other side of the capacitor Cst through the gate node DTG of the driving transistor.
[0083] During the sampling period SAM, the third to seventh transistors T3 to T7, except the first transistor T1 and the
second transistor T2, are turned off.

[0084] During the holding period HLD, the voltage of the jth scan signal SCAN(j) is reversed to a gate-off voltage.
During the holding period HLD, the j-1th scan signal SCAN(j-1) and the jth emission control signal EM(j) maintain the
gate-off voltage.

[0085] The voltages of the first node N1 and the gate node DTG of the driving transistor may be changed as much as
a kickback voltage Vkb generated when the jth scan signal SCAN(j) is changed to the gate-off voltage in the holding
period HLD. Therefore, during the holding period HLD, the voltage of the first node N1 is "Vdata + Vkb" and the voltage
of the gate node DTG of the driving transistor is "VDD-|Vth|+Vkb". The changed voltages of the first node N1 and the
gate node DTG of the driving transistor are applied to the capacitor Cst. And, during the holding period HLD, the driving
transistor DT is also turned off due to an increase in voltage of the gate node DTG of the driving transistor. And, the
third to seventh transistors T3 to T7 maintain the turn-off state.

[0086] During the emission period EMI, the voltage of the jth emission control signal EM(j) is reversed to a gate-on
voltage. During the emission period EMI, the j-1th scan signal SCAN(j-1) and the jth scan signal SCAN(j) maintain the
gate-off voltage.

[0087] As the third transistor T3 is turned on in response to the gate-on voltage of the jth emission control signal EM(j)
in the emission period EMI, the variable voltage VV1 is applied to the first node N1 through the third transistor T3.
Therefore, the voltage of the first node N1 is changed from "Vdata+Vkb" to the variable voltage VV1. In this case, the
variable voltage VV1 is a reference voltage VREF. The reference voltage VREF is higher than the initialization voltage
VINI.

[0088] And, the voltage of the gate node DTG of the driving transistor is changed as much as a voltage variation
Vdata+Vkb-VREF of the first node N1 due to a coupling through the capacitor Cst. For example, the voltage of the gate
node DTG of the driving transistor is changed from "VDD - |Vth| + Vkb" to "{VDD - |Vth| + Vkb} - {Vdata + Vkb - VREF}",
that is, "VDD - |Vth| - Vdata + VREF". In this case, the source of the driving transistor DT maintains the high-potential
power voltage VDD. Accordingly, a voltage Vsg between the source and the gate of the driving transistor DT that
determines a driving current of the electroluminescent element EL is set. A driving current lel as represented by the
following Equation 1 flows through the electroluminescent element EL.

[Equation 1]
Iel = K(Vsg - [Vth|)> = K{VDD - [VDD - |Vth| - Vdata + VREF] - |Vth|}? =
K(Vdata - VREF)?

[0089] Herein, K represents a constant value which is determined by the mobility, channel ratio and parasitic capac-
itance of the driving transistor DT and Vth represents a threshold voltage of the driving transistor DT.

[0090] As can be seen from Equation 1, a current of the electroluminescent element EL of the present disclosure is
not affected by the high-potential power voltage VDD. In the embodiments of the present disclosure, the driving current
lel of the electroluminescent element EL is not affected by the high-potential power voltage VDD. Thus, a uniform image
quality can be implemented in a high-resolution panel and a large-size panel with improved brightness and image quality
can be provided.

[0091] And, the variable voltage VV1 which can be changed to any one of the initialization voltage VINI and the
reference voltage VREF depending on a driving period is applied to the subpixel SP. Thus, the anode of the electrolu-
minescent element EL can be initialized using the initialization voltage VINI during the initialization period INI. And, a
decrease in contrast ratio of the electroluminescent display device can be suppressed using the reference voltage VREF
which is a sufficiently high voltage to express a black grayscale of low brightness during the sampling period SAM.
[0092] Hereinafter, a configuration of the gate driver configured to apply the variable voltage VV1 which can be changed
to the initialization voltage VINI and the reference voltage VREF to the subpixel SP will be described.

[0093] FIG. 5is a diagram illustrating a configuration of a gate driver according to the first embodiment of the present
disclosure.

[0094] The gate driver 130 includes a pull-up transistor Tpu whose gate is connected to a Q node Q, a pull-down
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transistor Tpd whose gate is connected to a QB node QB, a node controller 135 configured to control voltages of the Q
node Q and the QB node QB, and a variable voltage output unit 137.

[0095] The node controller 135 may include transistors configured to charge or discharge the Q node Q and the QB
node QB with voltages having phases opposite to each other.

[0096] The Q node Q and the QB node QB are charged or discharged opposite to each other. For example, if the
logic-high voltage VH is applied to the Q node Q, the logic-low voltage VL is applied to the QB node QB. If the logic-low
voltage VL is applied to the Q node Q, the logic-high voltage VH is applied to the QB node QB. In this case, the pull-up
transistor Tpu and the pull-down transistor Tpd are turned on/turned off, and, thus, the gate-on voltage or the gate-off
voltage can be supplied to the subpixel SP.

[0097] A gate of the pull-up transistor Tpu is connected to the Q node Q, a first electrode is connected to a clock signal
line CLKL to which a clock signal is applied, and a second electrode is connected to the j-1th scan line SCANL(j-1) to
which the j-1th scan signal SCAN(j-1) is output. When the logic-low voltage VL is applied to the Q node Q, the pull-up
transistor Tpu is turned on and outputs a clock signal to the j-1th scan line SCANL(j-1). For example, the clock signal
swings between the logic-low voltage VL and the logic-high voltage VH with a pulse width of one horizontal period. And,
when the Q node Q has the logic-low voltage VL, the clock signal may be the logic-low voltage VL.

[0098] A gate of the pull-down transistor Tpd is connected to the QB node QB, a first electrode is connected to the j-
1th scan line SCANL(j-1) to which the j-1th scan signal SCAN(j-1) is output, and a second electrode is connected to a
logic-high voltage line VHL to which the logic-high voltage VH is applied. When the logic-low voltage VL is applied to
the QB node QB, the pull-down transistor Tpd is turned on and outputs the logic-high voltage VH to the j-1th scan line
SCANL(j-1).

[0099] The variable voltage output unit 137 according to the first embodiment of the present disclosure includes a first
variable voltage transistor Tv1 and a second variable voltage transistor Tv2 to output the variable voltage VV1.

[0100] Agate ofthefirstvariable voltage transistor Tv1 is turned on or off as connected to the Qnode Q and synchronized
with the pull-up transistor Tpu. A first electrode of the first variable voltage transistor Tv1 is connected to an initialization
voltage line VINIL to which the initialization voltage VINI is applied, and a second electrode is connected to the variable
voltage line VVL1 to which the variable voltage VV1 is output. When the logic-low voltage VL is applied to the Q node
Q, the first variable voltage transistor Tv1 is turned on and outputs the initialization voltage VINI to the variable voltage
line VVLA1.

[0101] A gate of the second variable voltage transistor Tv2 is turned on or off as connected to the QB node QB and
synchronized with the pull-down transistor Tpd. A first electrode of the second variable voltage transistor Tv2 is connected
to the variable voltage line VVL1 to which the variable voltage VV1 is output, and a second electrode is connected to a
reference voltage line VREFL to which the reference voltage VREF is applied. When the logic-low voltage VL is applied
to the QB node QB, the second variable voltage transistor Tv2 is turned on and outputs the reference voltage VREF to
the variable voltage line VVL1.

[0102] The gate driver according to the first embodiment of the present disclosure includes the variable voltage output
unit 137 which can selectively output the initialization voltage VINI and the reference voltage VREF to the variable voltage
line VVL1. Thus, the number of power supply lines to be disposed in the subpixel SP can be reduced.

[0103] FIG. 6 is a circuit diagram of a subpixel according to a second embodiment of the present disclosure. Each
subpixel in FIG. 1 can have the configuration of the subpixel in FIG. 6. FIG. 7 is a waveform diagram provided to explain
driving characteristics of a pixel circuit illustrated in FIG. 6. The pixel circuit illustrated in FIG. 6 will be described with
reference to a subpixel SP which is disposed on a jth pixel line of the display area and emits light with brightness
corresponding to a kth data voltage. In this case, j and k are natural numbers and satisfy 1 <j<nand 1 <k <m.
[0104] Referring to FIG. 6 and FIG. 7, the subpixel SP includes an electroluminescent element EL, and a pixel circuit
including a plurality of transistors DT and T1 to T6 and a storage capacitor Cst. Such a pixel circuit may be referred to
as 7T1C circuit. In the second embodiment of the present disclosure, the transistors will be described as p-type transistors.
[0105] The pixel circuit includes an internal compensation circuit configured to compensate for a threshold voltage of
the driving transistor DT. The subpixel SP is applied with pixel power such as the initialization voltage VINI, the low-
potential power voltage VSS, and the variable voltage VV2. And, the subpixel SP is applied with a pixel driving signal
such as the j-1th scan signal SCAN(j-1), the jth scan signal SCAN(j), the jth emission control signal EM(j), and the kth
data voltage.

[0106] The scan signals SCAN(j-1) and SCAN(j) and the jth emission control signal EM(j) are supplied to gate lines
by the gate driver 130. The gate line includes the j-1th scan line SCANL(j-1), the jth scan line SCANL(j), and the jth
emission control signal line EML(j). The kth data voltage is supplied to the kth data line DLk from the data driver 140.
The scan signals SCAN(j-1) and SCAN(j) swing between the logic-low voltage VL and the logic-high voltage VH with a
pulse width of one horizontal period. In the second embodiment of the present disclosure, the transistors DT and T1 to
T6 are p-type transistors. Therefore, the logic-low voltage VL is a gate-on voltage and the logic-high voltage VH is a
gate-off voltage.

[0107] Referring to FIG. 6, the jth scan signal SCAN(j) to be synchronized with the kth data voltage subsequent to the

1"



10

15

20

25

30

35

40

45

50

55

EP 3 477 625 A1

j-1th scan signal SCAN(j-1) is supplied to the subpixel SP. A driving method of the subpixel SP may proceed from the
initialization period INI to the sampling period SAM, the holding period HLD and the emission period EMI. An on-level
voltage of the j-1th scan signal SCAN(j-1) is input into the subpixel SP during the initialization period INI and maintained
as an off-level voltage during the other periods except the initialization period INI. An on-level voltage of the jth scan
signal SCAN(j) is input into the subpixel SP during the sampling period SAM and maintained as an off-level voltage
during the other periods except the sampling period SAM. An off-level voltage of the jth emission control signal EM(j) is
maintained during a period including an overlap period between the j-1th scan signal SCAN(j-1) and the jth scan signal
SCAN(j). For example, the off-level voltage of the jth emission control signal EM(j) may correspond to three horizontal
periods.

[0108] The electroluminescent element EL emits light with the amount of current controlled by the driving transistor
DT depending on a data voltage and expresses the brightness corresponding to a data grayscale of an input image. As
a data voltage applied to the subpixel SP illustrated in FIG. 6 is increased, a voltage between the source and the gate
of the driving transistor DT is increased, and, thus, the brightness of the pixel is increased. And, as the reference voltage
applied to the subpixel SP is decreased, the driving current lel of the driving transistor DT is increased, and, thus, the
brightness of the pixel is increased. And, as the reference voltage applied to the pixel circuit is increased, the driving
current lel is decreased, and, thus, the brightness of the pixel is decreased. As the resolution of the display panel 150
is increased, a black current for expressing a black grayscale is gradually decreased. However, the reference voltage
cannot be continuously increased in order to express the black grayscale. If the reference voltage is high, the electro-
luminescent element EL may emit light. To solve or address this limitation, in the first embodiment of the present
disclosure, the variable voltage VV1 which can be changed to the initialization voltage VINI and the reference voltage
VREEF is applied as a voltage for initializing the anode of the electroluminescent element EL. In the second embodiment
of the present disclosure, the initialization voltage VINI is used as a voltage for initializing the anode of the electrolumi-
nescent element EL and a variable voltage VV2 which can be changed to the high-potential power voltage VDD and the
reference voltage VREF is applied.

[0109] Referring to FIG. 6 and FIG. 7, a current path of the electroluminescent element EL is turned on/off by the
fourth transistor T4 which is controlled in response to the emission control signal EM(j). The electroluminescent element
EL may be, for example, an OLED, and the OLED includes an organic compound layer formed between an anode and
a cathode. The organic compound layer may include at least one of an EML, an HIL, an HTL, an ETL, and an EIL, but
may not be limited thereto. The anode of the electroluminescent element EL is connected to the second electrode of
the fourth transistor T4. The cathode of the electroluminescent element EL is connected to the low-potential power
voltage line VSSL to which the low-potential power voltage VSS is applied.

[0110] The driving transistor DT is a driving element configured to control a driving current flowing through the elec-
troluminescent element EL depending on a voltage between a source and a gate. The driving transistor DT includes a
gate connected to the gate node DTG of the driving transistor, a source connected to a source node DTS of the driving
transistor, and a drain connected to a drain node DTD of the driving transistor.

[0111] The first transistor T1 is a switching element configured to supply the kth data voltage to the source node DTS
of the driving transistor in response to the jth scan signal SCAN(j). The jth scan signal SCAN(j) is supplied to the subpixel
SP through the jth scan line SCANL(j). The kth data voltage is a voltage to be synchronized with the jth scan signal
SCAN(j). The first transistor T1 includes the gate connected to the jth scan line SCANL(j), a first electrode connected
to the kth data line DLk, and a second electrode connected to the source node DTS of the driving transistor.

[0112] The second transistor T2 is a switching element configured to diode-connect the driving transistor DT by
electrically connecting a current path between the gate and the drain of the driving transistor DT in response to the jth
scan signal SCAN(j). If the driving transistor DT is diode-connected, a potential of the gate and the drain of the driving
transistor DT is "Vdata - |Vth|". Therefore, if the driving transistor DT is diode-connected, the threshold voltage Vth of
the driving transistor DT is sampled. The second transistor T2 includes the gate connected to the jth scan line SCANL(j),
a first electrode connected to the drain node DTD of the driving transistor, and a second electrode connected to the gate
node DTG of the driving transistor.

[0113] The third transistor T3 is a switching element configured to supply the variable voltage VV2 to the source node
DTS of the driving transistor in response to the jth emission control signal EM(j). The jth emission control signal EM(j)
is supplied to the subpixel through the jth emission control signal line EML(j). The third transistor T3 includes the gate
connected to the jth emission control signal line EML(j), a first electrode connected to the source node DTS of the driving
transistor, and a second electrode connected to a variable voltage line VVL2 to which the variable voltage VV2 is applied.
[0114] The capacitor Cstis connected between the second electrode of the third transistor T3 and the gate node DTG
of the driving transistor.

[0115] The fourth transistor T4 is a switching element configured to enable a driving current generated in the driving
transistor DT to be applied to the anode of the electroluminescent element EL by electrically connecting a current path
between the drain of the driving transistor DT and the anode of the electroluminescent element EL in response to the
jth emission control signal EM(j). The fourth transistor T4 includes the gate connected to the jth emission control signal
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line EML(j), a first electrode connected to the drain node DTD of the driving transistor, and a second electrode connected
to the anode of the electroluminescent element EL. The fourth transistor T4 blocks a current path between the driving
transistor DT and the electroluminescent element EL during the initialization period INI, the sampling period SAM, and
the holding period HLD to suppress unwanted emission of the electroluminescent element EL. If the electroluminescent
element EL emits light during the other periods except the emission period EMI, the brightness of a black grayscale is
increased, and, thus, the contrast ratio may be decreased. The black grayscale has the minimum grayscale value, for
example, 00000000(2), in pixel data. The brightness of a pixel at the black grayscale may be the minimum brightness.
Therefore, in order to suppress emission of the electroluminescent element EL during the other periods except the
emission period EMI, the fourth transistor T4 blocks a current path connected to the electroluminescent element EL
during the initialization period INI, the sampling period SAM, and the holding period HLD and connects the current path
between the electroluminescent element EL and the driving transistor DT during the emission period EMI in response
to the jth emission control signal EM(j).

[0116] The fifth transistor T5 is a switching element configured to supply the initialization voltage VINI to the gate node
DTG of the driving transistor in response to the j-1th scan signal SCAN(j-1). The fifth transistor T5 includes the gate
connected to the j-1th scan line SCANL(j-1), a first electrode connected to the gate node DTG of the driving transistor,
and a second electrode connected to the initialization voltage line VINIL to which the initialization voltage VINI is applied.
[0117] The sixth transistor T6 is a switching element configured to supply the initialization voltage VINI to the anode
of the electroluminescent element EL in response to the jth scan signal SCAN(j). The sixth transistor T6 includes a gate
connected to the jth scan line SCANL(j), a first electrode connected to the anode of the electroluminescent element EL,
and a second electrode connected to the initialization voltage line VINIL.

[0118] In this case, the second and fifth transistors T2 and T5 connected to the gate of the driving transistor DT are
turned off for a long time and thus vulnerable to a leakage current. If a leakage current occurs in the second and fifth
transistors T2 and T5, a voltage of the gate node DTG of the driving transistor is changed during the emission period
EMI. Thus, it is difficult to implement a desired grayscale. Therefore, the second and fifth transistors T2 and T5 may be
configured to have a dual-gate structure in order to reduce a leakage current. The dual-gate structure refers to a structure
in which two transistors are connected in series and controlled in response to the same gate signal. And, if the second
and fifth transistors T2 and T5 are implemented as transistors, for example, oxide transistors, in which a very small
leakage current occurs, they may be configured to have a single-gate structure.

[0119] Hereinafter, the driving characteristics of the subpixel SP will be described. One frame for driving the subpixel
circuit illustrated in FIG. 7 includes the initialization period INI in which the j-1th scan signal SCAN(j-1) is input into the
j-1th scan line SCANL(j-1), the sampling period SAM in which the jth scan signal SCAN(j) is input into the jth scan line
SCANL(j), the emission period EMI in which the electroluminescent element EL emits light, and the holding period HLD
between the sampling period SAM and the emission period EMI.

[0120] During the initialization period INI, a voltage of the j-1th scan signal SCAN(j-1) is reversed to a gate-on voltage
and the jth emission control signal EM(j) is reversed to a gate-off voltage. During the initialization period INI, the jth scan
signal SCAN(j) maintains a gate-off voltage. In this case, the variable voltage line VVL2 is applied with the reference
voltage VREF.

[0121] As the fifth transistor T5 is turned on in response to the gate-on voltage of the j-1th scan signal SCAN(j-1) in
the initialization period INI, the initialization voltage VINI is applied to the gate node DTG of the driving transistor through
the fifth transistor T5.

[0122] Therefore, during the initialization period INI, the voltage of the gate node DTG of the driving transistor is
initialized using the initialization voltage VINI. And, during the initialization period INI, the first to fourth transistors T1 to
T4 and the driving transistor DT except the fifth transistor T5 are turned off.

[0123] During the sampling period SAM, the voltage of the j-1th scan signal SCAN(j-1) is reversed to a gate-off voltage
and a voltage of the jth scan signal SCAN(j) is reversed to a gate-on voltage. During the sampling period SAM, the jth
emission control signal EM(j) maintains the gate-off voltage. In this case, the variable voltage line VVL2 is applied with
the reference voltage VREF, and, thus, the reference voltage VREF is applied to an electrode on one side of the capacitor
Cst. The reference voltage VREF is higher than the initialization voltage VINI and the logic-low voltage VL, and may be
in the range of, for example, 3V to4 V.

[0124] As the first transistor T1 is turned on in response to the gate-on voltage of the jth scan signal SCAN(j) in the
sampling period SAM, a data voltage Vdata is applied to the source node DTS of the driving transistor through the first
transistor T1.

[0125] And, as the second transistor T2 is turned on in response to the gate-on voltage of the jth scan signal SCAN(j),
the driving transistor DT is diode-connected. If the driving transistor DT is diode-connected, a potential of the gate and
the drain of the driving transistor is "Vdata - |Vth|" due to a current flowing through the driving transistor DT. In this case,
if the driving transistor DT is diode-connected, the threshold voltage Vth of the driving transistor DT is sampled and then
applied to an electrode on the other side of the capacitor Cst through the gate node DTG of the driving transistor.
Therefore, the capacitor Cst is charged with a voltage as much as a difference between the reference voltage VREF

13



10

15

20

25

30

35

40

45

50

55

EP 3 477 625 A1

and "Vdata - |Vth|".

[0126] And, as the sixth transistor T6 is turned on in response to the gate-on voltage of the jth scan signal SCAN(j),
the initialization voltage VINI is applied to the anode of the electroluminescent element EL. Therefore, during the sampling
period SAM, the anode of the electroluminescent element EL is initialized using the initialization voltage VINI.

[0127] During the sampling period SAM, the third to fifth transistors T3 to T5 except the first transistor T1, the second
transistor T2, the sixth transistor T6 and the driving transistor DT are turned off.

[0128] During the holding period HLD, the voltage of the jth scan signal SCAN(j) is reversed to a gate-off voltage.
During the holding period HLD, the j-1th scan signal SCAN(j-1) and the jth emission control signal EM(j) maintain the
gate-off voltage. And, the variable voltage line VVL2 is applied with the high-potential power voltage VDD.

[0129] The voltage of the electrode on the other side of the capacitor may be changed due to a coupling generated
when a voltage applied to the variable voltage line VVL2 connected to the electrode on one side of the capacitor Cst is
changed from the reference voltage VREF to the high-potential power voltage VDD during the holding period HLD.
Therefore, during the holding period HLD, the voltage of the electrode on the other side of the capacitor Cst is "Vdata -
|Vth| + VDD - VREF". The changed voltage of the electrode on the other side of the capacitor Cst is applied to the gate
node DTG of the driving transistor. And, during the holding period HLD, the driving transistor DT is also turned off due
to anincrease in voltage of the gate node DTG of the driving transistor. And, the first to sixth transistors T1 to T6 maintain
the turn-off state.

[0130] During the emission period EMI, the voltage of the jth emission control signal EM(j) is reversed to a gate-on
voltage. During the emission period EMI, the j-1th scan signal SCAN(j-1) and the jth scan signal SCAN(j) maintain the
gate-off voltage. In this case, the variable voltage line VVL2 is applied with the high-potential power voltage VDD.
[0131] As the third transistor T3 is turned on in response to the gate-on voltage of the jth emission control signal EM(j)
in the emission period EMI, the variable voltage VV2 is applied to the source node DTS of the driving transistor through
the third transistor T3. Therefore, the voltage of the source node DTS of the driving transistor is changed from "Vdata"
to the variable voltage VV2, and, thus, the driving transistor DT is turned on. In this case, the variable voltage VV2 is
the high-potential power voltage VDD.

[0132] And, the fourth transistor T4 is turned on in response to the gate-on voltage of the jth emission control signal
EM(j), the fourth transistor T4 electrically connects the drain node DTD of the driving transistor and the anode of the
electroluminescent element EL.

[0133] During the emission period EMI, the gate node DTG of the driving transistor has a voltage of "Vdata - |Vth| +
VDD - VREF" and the source of the driving transistor DT has the high-potential power voltage VDD. Accordingly, the
voltage Vsg between the source and the gate of the driving transistor DT that determines a driving current of the
electroluminescent element EL is set. A driving current lel as represented by the following Equation 2 flows through the
electroluminescent element EL.

[Equation 2]
Iel = K(Vsg - |Vth))> = K{VDD - [Vdata - |Vth| + VDD - VREF] - [Vth|}*=
K(Vdata - VREF)?

[0134] Herein, K represents a constant value which is determined by the mobility, channel ratio and parasitic capac-
itance of the driving transistor DT and Vth represents a threshold voltage of the driving transistor DT.

[0135] As can be seen from Equation 2, a current of the electroluminescent element EL of the present disclosure is
not affected by the high-potential power voltage VDD. In the embodiments of the present disclosure, the variable voltage
VV2 which can be changed to the reference voltage VREF and the high-potential power voltage VDD is applied to the
subpixel SP. Therefore, the driving current lel of the electroluminescent element EL is not affected by the high-potential
power voltage VDD. Thus, a uniform image quality can be implemented in a high-resolution panel and a large-size panel
with improved brightness and image quality can be provided.

[0136] And, the anode of the electroluminescent element EL can be initialized using the initialization voltage VINI
during the initialization period INI. And, a decrease in contrast ratio of the electroluminescent display device can be
suppressed using the reference voltage VREF which is a sufficiently high voltage to express a black grayscale of low
brightness during the sampling period SAM. In this case, the sufficiently high voltage refers to a voltage which can
generate a driving current for expressing a black grayscale in the high-resolution display panel.

[0137] Hereinafter, a configuration of the gate driver configured to apply the variable voltage VV2 which can be changed
to the initialization voltage VINI and the reference voltage VREF to the subpixel SP will be described.

[0138] FIG. 8 is a diagram illustrating a configuration of a gate driver according to the second embodiment of the
present disclosure.

[0139] Referring to FIG. 7, the gate driver 130 includes the pull-up transistor Tpu whose gate is connected to the Q
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node Q, the pull-down transistor Tpd whose gate is connected to the QB node QB, the node controller 135 configured
to control voltages of the Q node Q and the QB node QB, and the variable voltage output unit 137.

[0140] The node controller 135 may include transistors configured to charge or discharge the Q node Q and the QB
node QB with voltages having phases opposite to each other.

[0141] The Q node Q and the QB node QB are charged or discharged opposite to each other. For example, if the
logic-high voltage VH is applied to the Q node Q, the logic-low voltage VL is applied to the QB node QB. If the logic-low
voltage VL is applied to the Q node Q, the logic-high voltage VH is applied to the QB node QB. In this case, the pull-up
transistor Tpu and the pull-down transistor Tpd are turned on/turned off, and, thus, the gate-on voltage or the gate-off
voltage can be supplied to the subpixel SP.

[0142] The gate of the pull-up transistor Tpu is connected to the Q node Q, the first electrode is connected to the clock
signal line CLKL to which a clock signal is applied, and a second electrode is connected to the jth scan line SCANL(j)
to which the jth scan signal SCAN(j) is output. When the logic-low voltage VL is applied to the Q node Q, the pull-up
transistor Tpu is turned on and outputs a clock signal to the jth scan line SCANL(j). For example, the clock signal swings
between the logic-low voltage VL and the logic-high voltage VH with a pulse width of one horizontal period. And, when
the Q node Q has the logic-low voltage VL, the clock signal may be the logic-low voltage VL.

[0143] The gate of the pull-down transistor Tpd is connected to the QB node QB, a first electrode is connected to the
jth scan line SCANL(j) to which the jth scan signal SCAN(j) is output, and a second electrode is connected to the logic-
high voltage line VHL to which the logic-high voltage VH is applied. When the logic-low voltage VL is applied to the QB
node QB, the pull-down transistor Tpd is turned on and outputs the logic-high voltage VH to the jth scan line SCANL(j).
[0144] The variable voltage output unit 137 according to the second embodiment of the present disclosure includes
the first variable voltage transistor Tv1 and the second variable voltage transistor Tv2 to output the variable voltage VV2.
[0145] The gate of the first variable voltage transistor Tv 1 is turned on or off as connected to the Q node Q and
synchronized with the pull-up transistor Tpu. The first electrode of the first variable voltage transistor Tv1 is connected
to the high-potential power voltage line VDDL to which the high-potential power voltage VDD is applied, and the second
electrode is connected to the variable voltage line VVL2 to which the variable voltage VV2 is output. When the logic-low
voltage VL is applied to the Q node Q, the first variable voltage transistor Tv1 is turned on and outputs the high-potential
power voltage VDD to the variable voltage line VVL2.

[0146] The gate of the second variable voltage transistor Tv2 is turned on or off as connected to the QB node QB and
synchronized with the pull-down transistor Tpd. The first electrode of the second variable voltage transistor Tv2 is
connected to the variable voltage line VVL2 to which the variable voltage VV2 is output, and the second electrode is
connected to the reference voltage line VREFL to which the reference voltage VREF is applied. When the logic-low
voltage VL is applied to the QB node QB, the second variable voltage transistor Tv2 is turned on and outputs the reference
voltage VREF to the variable voltage line VVL2.

[0147] The gate driver according to the second embodiment of the present disclosure includes the variable voltage
output unit 137 which can selectively output the high-potential power voltage VDD and the reference voltage VREF to
the variable voltage line VVL2. Thus, the number of power supply lines to be disposed in the subpixel SP can be reduced.
[0148] FIG. 9 is a block diagram illustrating a gate driver and a subpixel according to an embodimeit of the present
disclosure. In detail, the subpixel SP according to the second embodiment of the present disclosure as illustrated in FIG.
6 and the gate driver illustrated in FIG. 8 are applied to FIG. 9.

[0149] The gate driver 130 includes a plurality of stages STG. FIG. 9 illustrates jth, j+1th and j+2 stages STG for an
explanation. Each of the plurality of stages STG may include the circuit illustrated in FIG. 8. In this case, each of the
plurality of stages STG is connected to the variable voltage line VVL2 and the scan signal line SCANL and supplies the
variable voltage VV2 and the scan signal SCAN to the subpixel SP.

[0150] As described above, the variable voltage output unit 137 included in the gate driver 130 outputs the high-
potential power voltage VDD or the reference voltage VREF to the variable voltage line VVL2. Thus, a separate high-
potential power voltage line VDDL or reference voltage line VREFL may be omitted from each subpixel SP.

[0151] Therefore, linesdisposed in a vertical direction with respect to each subpixel SP may include only the initialization
voltage line VINIL and the data line DL.

[0152] The embodiments of the present disclosure can also be described as follows:

According to an aspect of the present disclosure, an electroluminescent display device includes a display panel including
a display area in which an image is displayed and a non-display area in which an image is not displayed. The electro-
luminescent display device further includes a subpixel including a subpixel circuit disposed in the display area and an
electroluminescent element, wherein the subpixel circuit includes a driving transistor. The electroluminescent display
device also includes a gate driver in the non-display area, and a variable voltage output unit in the non-display area and
configured to supply a variable voltage to the subpixel. The variable voltage output unit selectively outputs an initialization
voltage or a reference voltage to an anode of the electroluminescent element. Therefore, the anode of the electrolumi-
nescent element can be initialized using the initialization voltage during an initialization period. Further, a decrease in
contrast ratio of the electroluminescent display device can be suppressed using the reference voltage which is a suffi-
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ciently high voltage to express a black grayscale of low brightness during a sampling period.

[0153] The subpixel circuit may include a capacitor connected to a gate of the driving transistor, and the variable
voltage output unit may output the variable voltage in order to apply the variable voltage to an electrode on one side or
an electrode on the other side of the capacitor.

[0154] The variable voltage output unit may output the initialization voltage during an initialization period for initializing
the anode of the electroluminescent element. The variable voltage output unit may output the reference voltage during
a sampling period for sampling a threshold voltage of the driving transistor.

[0155] The variable voltage output unit may include a first variable voltage transistor and a second variable voltage
transistor. The first variable voltage transistor may be turned on to output the initialization voltage to a variable voltage
line to which the variable voltage is applied. The second variable voltage transistor may be turned on to output the
reference voltage to the variable voltage line.

[0156] The gate driver may include a pull-up transistor and a pull-down transistor. The pull-up transistor and the first
variable voltage transistor may be turned on and off as synchronized with each other. The pull-down transistor and the
second variable voltage transistor may be turned on and off as synchronized with each other.

[0157] The display panel may include an nth pixel line and an mth data line (n and m are natural numbers of 1 or more)
and the subpixel may be disposed on a jth (1 <j < n, jis a natural number) pixel line and may emit light with brightness
corresponding to a kth (1 < k < m, k is a natural number) data voltage. The subpixel may include: a first transistor of
which a gate is connected to a jth scan line and a first electrode is connected to a kth data line; a second transistor of
which a gate is connected to the jth scan line, a first electrode is connected to a drain of the driving transistor, and a
second electrode is connected to a gate of the driving transistor; a driving transistor of which a gate is connected to a
gate node, a first electrode is connected to a high-potential power voltage line, and a drain is connected to the first
electrode of the second transistor; a capacitor of which an electrode on one side is connected to the gate node of the
driving transistor and an electrode on the other side is connected to a second electrode of the first transistor; a third
transistor of which a gate is connected to a jth emission control signal line, a first electrode is connected to the electrode
on the other side of the capacitor, and a second electrode is connected to a variable voltage line to which the variable
voltage is applied; a fourth transistor of which a gate is connected to the jth emission control signal line, a first electrode
is connected to the drain of the driving transistor, and a second electrode is connected to the anode of the electrolumi-
nescent element; a fifth transistor of which a gate is connected to a j-1th scan line, a first electrode is connected to the
second electrode of the fourth transistor, and a second electrode is connected to the variable voltage line; a sixth transistor
of which a gate is connected to the j-1th scan line, a first electrode is connected to the gate node of the driving transistor,
and a second electrode is connected to the variable voltage line; and a seventh transistor of which a gate is connected
to the j-1th scan line, a first electrode is connected to the high-potential power voltage line, and a second electrode is
connected to the electrode on the other side of the capacitor.

[0158] According to another aspect of the present disclosure, an electroluminescent display device includes a display
panel including a display area in which an image is displayed and a non-display area in which an image is not displayed.
The electroluminescent display device further includes a subpixel including a subpixel circuit disposed in the display
area and an electroluminescent element, wherein the subpixel circuit includes a driving transistor and a capacitor con-
nected to a gate of the driving transistor. The electroluminescent display device also includes a gate driver disposed in
the non-display area, and a variable voltage output unit disposed in the non-display area and configured to supply a
variable voltage to the subpixel. The variable voltage output unit selectively outputs a high-potential power voltage or a
reference voltage to a source of the driving transistor and an electrode on one side of the capacitor. Therefore, a driving
current of the electroluminescent element is not affected by the high-potential power voltage. Thus, a uniform image
quality can be implemented in a high-resolution panel to provide a large-size panel with improved brightness and image
quality. Also, a decrease in contrast ratio of the electroluminescent display device can be suppressed.

[0159] The variable voltage output unit may output the high-potential power voltage during an initialization period for
initializing the gate of the driving transistor and a sampling period for sampling a threshold voltage of the driving transistor.
The variable voltage output unit may output the reference voltage during a holding period and an emission period
subsequent to the sampling period.

[0160] The variable voltage output unit may include a first variable voltage transistor and a second variable voltage
transistor. The first variable voltage transistor may be turned on to output the high-potential power voltage to a variable
voltage line to which the variable voltage is applied. The second variable voltage transistor may be turned on to output
the reference voltage to the variable voltage line.

[0161] The gate driver may include a pull-up transistor and a pull-down transistor. The pull-up transistor and the first
variable voltage transistor may be turned on and off as synchronized with each other. The pull-down transistor and the
second variable voltage transistor may be turned on and off as synchronized with each other.

[0162] The display panel may include an nth pixel line and an mth data line (n and m are natural numbers of 1 or more)
and the subpixel may be disposed on a jth (1 <j < n, jis a natural number) pixel line and may emit light with brightness
corresponding to a kth (1 <k <m, k is a natural number) data voltage. The subpixel may include: a driving transistor of
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which a gate is connected to a gate node, a source is connected to a source node, and a drain is connected to a drain
node; a first transistor of which a gate is connected to a jth scan line, a first electrode is connected to a kth data line,
and a second electrode is connected to the source node; a second transistor of which a gate is connected to the jth
scan line, a first electrode is connected to the drain node, and a second electrode is connected to the gate node; a
capacitor of which an electrode on one side is connected to the gate node and an electrode on the other side is connected
to a variable voltage line to which the variable voltage is applied; a third transistor of which a gate is connected to a jth
emission control signal line, a first electrode is connected to the source node, and a second electrode is connected to
the variable voltage line; a fourth transistor of which a gate is connected to the jth emission control signal line, a first
electrode is connected to the drain node, and a second electrode is connected to the anode of the electroluminescent
element; a fifth transistor of which a gate is connected to a j-1th scan line, a first electrode is connected to the electrode
on the other side of the capacitor, and a second electrode is connected to an initialization voltage line to which an
initialization voltage is applied; and a sixth transistor of which a gate is connected to the jth scan line, a first electrode
is connected to the second electrode of the fourth transistor, and a second electrode is connected to the initialization
voltage line.

[0163] According to yet another aspect of the present disclosure, there is provided a gate driver configured to output
a scan signal to a subpixel for displaying an image. The gate driver includes a pull-up transistor turned on or off by a
voltage of a Q node and a pull-down transistor turned on or off by a voltage of a QB node. The gate driver further includes
a node controller configured to control the voltages of the Q node and the QB node and a variable voltage output unit
configured to selectively output any one of an initialization voltage, a high-potential power voltage, and a reference
voltage depending on a driving period of the subpixel. Therefore, the number of power supply lines to be disposed in
the subpixel can be reduced.

[0164] The variable voltage output unit may include a first variable voltage transistor and a second variable voltage
transistor. A gate of the first variable voltage transistor may be connected to the Q node. A gate of the second variable
voltage transistor may be connected to the QB node.

[0165] A first electrode of the first variable voltage transistor may be connected to an initialization voltage line or a
high-potential power voltage line to which the initialization voltage or the high-potential power voltage is applied, respec-
tively. A first electrode of the second variable voltage transistor may be connected to a reference voltage line to which
the reference voltage is applied.

[0166] Although the exemplary embodiments of the present disclosure have been described in detail with reference
to the accompanying drawings, the present disclosure is not limited thereto and may be embodied in many different
forms without departing from the technical concept of the present disclosure. Therefore, the exemplary embodiments
of the present disclosure are provided for illustrative purposes only but not intended to limit the technical gist of the
present disclosure. The scope of the present disclosure is not limited thereto. Therefore, it should be understood that
the above-described exemplary embodiments are illustrative in all aspects and do not limit the present disclosure. The
protective scope of the present disclosure should be construed based on the following claims, and all the technical
concepts in the equivalent scope thereof should be construed as falling within the scope of the present disclosure.

Claims

1. A gatedriver (130) for outputting a scan signal (SCAN (j)) to a subpixel (SP) for displaying an image, the gate driver
(130) comprising:

a pull-up transistor (Tpu) turned on or off by a voltage of a Q node (Q);

a pull-down transistor (Tpd) turned on or off by a voltage of a QB node (QB);

a node controller (135) configured to control the voltages of the Q node (Q) and the QB node (QB); and

a variable voltage output unit (137) selectively outputting any one of an initialization voltage (VINI), a high-
potential power voltage (VDD), and a reference voltage (VREF) depending on a driving period of the subpixel
(SP).

2. The gate driver (130) according to claim 1, wherein the variable voltage output unit (137) includes a first variable
voltage transistor (Tv1) and a second variable voltage transistor (Tv2),
wherein a gate of the first variable voltage transistor (Tv1) is connected to the Q node (Q), and
wherein a gate of the second variable voltage transistor (Tv2) is connected to the QB node (QB).

3. The gate driver (130) according to one of the preceding claims, wherein a first electrode of the first variable voltage

transistor (Tv1) is connected to an initialization voltage line (VINIL) or a high-potential power voltage line (VDDL) to
which the initialization voltage (VINI) or the high-potential power voltage (VDD) is applied, respectively, and
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a first electrode of the second variable voltage transistor (Tv2) is connected to a reference voltage line (VREFL) to
which the reference voltage (VREF) is applied.

The gate driver (130) according to one of the claims 2 or 3, wherein the first variable voltage transistor (Tv1) is
turned on to output the initialization voltage (VINI) to a variable voltage line (VVL1, VVL2) to which the variable
voltage is applied, and

the second variable voltage transistor (Tv2) is turned on to output the reference voltage (VREF) to the variable
voltage line (VVL1, VVL2).

The gate driver (130) according to one of the claims 2 to 4, wherein

the pull-up transistor (Tpu) and the first variable voltage transistor (Tv1) are turned on and off as synchronized with
each other, and

the pull-down transistor (Tpd) and the second variable voltage transistor (Tv2) are turned on and off as synchronized
with each other.

An electroluminescent display device (100), comprising:

a display panel (150) including a display area in which an image is displayed and a non-display area in which
an image is not displayed;

a plurality of subpixels (SPs) each including a subpixel circuit and an electroluminescent element (EL), wherein
each subpixel circuit includes a driving transistor (DT) in the display area;

a gate driver (130) of the preceding claims included in the non-display area, wherein the variable voltage output
unit (137) of the gate driver (130) is arranged in the non-display area and configured to supply a variable voltage
to each subpixel (SP), and

wherein the variable voltage output unit (137) of the gate driver (130) selectively outputs the initialization voltage
(VINI) or the reference voltage (VREF) to an anode of the electroluminescent element (EL).

The electroluminescent display device (100) according to claim 6, wherein the subpixel circuits each includes a
capacitor (Cst) connected to a gate of the driving transistor (DT), and

the variable voltage output unit (137) of the gate driver (130) is configured to output the variable voltage in order to
apply the variable voltage to an electrode of the capacitor (Cst).

The electroluminescent display device (100) according to claim 6 or 7, wherein the variable voltage output unit (137)
is configured to output the initialization voltage (VINI) during an initialization period for initializing the anode of the
electroluminescent element (EL), and

the variable voltage output unit (137) is configured to output the reference voltage (VREF) during a sampling period
for sampling a threshold voltage of the driving transistor (DT).

The electroluminescent display device according to one of the claims 7 to 8, wherein the display panel (150) includes
an nth pixel line and an mth data line, wherein n and m are natural numbers of 1 or more,

one of the subpixels (SPs) is on a jth pixel line, wherein 1 <j <n, jis a natural number, and emits light with brightness
corresponding to a kth data voltage, wherein 1 <k <m, k is a natural number, and

this subpixel (SP) includes:

a first transistor (T 1) of which a gate is connected to a jth scan line (SCANL(j)) and a first electrode is connected
to a kth data line (DLk);

a second transistor (T2) of which a gate is connected to the jth scan line (SCANLY(j)), a first electrode is connected
to adrain of the driving transistor (DT), and a second electrode is connected to a gate of the driving transistor (DT);
the driving transistor (DT) of which a gate is connected to a gate node (DTG), a first electrode is connected to
a high-potential power voltage line (VDDL), and a drain is connected to the first electrode of the second transistor
(T2);

the capacitor (Cst) of which an electrode on one side is connected to the gate node (DTG) of the driving transistor
(DT) and an electrode on the other side is connected to a second electrode of the first transistor (T1);

a third transistor (T3) of which a gate is connected to a jth emission control signal line (EML())), a first electrode
is connected to the electrode on the other side of the capacitor (Cst), and a second electrode is connected to
the variable voltage line (VVL1) to which the variable voltage is applied;

a fourth transistor (T4) of which a gate is connected to the jth emission control signal line (EML(j)), afirst electrode
is connected to the drain of the driving transistor (DT), and a second electrode is connected to the anode of the
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electroluminescent element (EL);

a fifth transistor (T5) of which a gate is connected to a j-1th scan line (SCAN(J-1)), a first electrode is connected
to the second electrode of the fourth transistor (T4), and a second electrode is connected to the variable voltage
line (VVL1);

a sixth transistor (T6) of which a gate is connected to the j-1th scan line (SCAN(J-1)), a first electrode is connected
to the gate node of the driving transistor (DT), and a second electrode is connected to the variable voltage line
(VVL1); and

a seventh transistor (T7) of which a gate is connected to the j-1th scan line (SCAN(J-1)), a first electrode is
connected to the high-potential power voltage line (VDDL), and a second electrode is connected to the electrode
on the other side of the capacitor (Cst).

An electroluminescent display device (100), comprising:

a display panel (150) including a display area in which an image is displayed and a non-display area in which an
image is not displayed;

a plurality of subpixels (SPs) including a subpixel circuit and an electroluminescent element (EL), wherein the
subpixel circuit includes a driving transistor (DT) and a capacitor (Cst) connected to a gate of the driving transistor
(DT) in the display area,

a gate driver (130) of one of the claims 1 to 5 included in the non-display area, wherein the variable voltage output
unit (137) of the gate driver (130) is arranged in the non-display area and configured to supply a variable voltage to
each subpixel (SP),

wherein the variable voltage output unit (137) of the gate driver (130) selectively outputs the high-potential power
voltage (VDD) or the reference voltage (VREF) to a source of the driving transistor (DT) and an electrode of the
capacitor (Cst).

The electroluminescent display device (100) according to claim 10, wherein the variable voltage output unit (137)
of the gate driver (130) outputs the reference voltage (VREF) during an initialization period for initializing the gate
of the driving transistor (DT) and a sampling period for sampling a threshold voltage of the driving transistor (DT), and
the variable voltage output unit (137) of the gate driver (130) outputs the high-potential power voltage (VDD) during
a holding period and an emission period subsequent to the sampling period.

The electroluminescent display device (100) according to one of the claims 10 or 11, wherein the display panel
(150) includes an nth pixel line and an mth data line, wherein n and m are natural numbers of 1 or more,

one of the subpixels (SPs) is on a jth pixel line, wherein 1 <j<n, jis a natural number and emits light with brightness
corresponding to a kth data voltage, wherein 1 <k <m, k is a natural number, and

this subpixel (SP) includes:

the driving transistor (DT) of which a gate is connected to a gate node (DTG), a source is connected to the
source node (DTS), and a drain is connected to a drain node (DTD);

a first transistor (T1) of which a gate is connected to a jth scan line (SCANL(j)), a first electrode is connected
to a kth data line (DLk), and a second electrode is connected to the source node (DTS);

a second transistor (T2) of which a gate is connected to the jth scan line (SCAN(j)), a first electrode is connected
to the drain node (DTD), and a second electrode is connected to the gate node (DTG);

the capacitor (Cst) of which another electrode is connected to the gate node (DTG) and the electrode is connected
to a variable voltage line (VVL2) to which the variable voltage is applied;

a third transistor (T3) of which a gate is connected to a jth emission control signal line (EML())), a first electrode
is connected to the source node (DTS), and a second electrode is connected to the variable voltage line (VVL2);
a fourth transistor (T4) of which a gate is connected to a gate of the jth emission control signal line (EML(j)), a
first electrode is connected to the drain node (DTD), and a second electrode is connected to the anode of the
electroluminescent element (EL);

a fifth transistor (T5) of which a gate is connected to a j-1th scan line (SCAN(j-1)), a first electrode is connected
to the other electrode of the capacitor (Cst), and a second electrode is connected to an initialization voltage line
(VINIL) to which an initialization voltage (VINI) is applied; and

a sixth transistor (T6) of which a gate is connected to the jth scan line (SCAN(j)), a first electrode is connected
to the second electrode of the fourth transistor (T4), and a second electrode is connected to the initialization
voltage line (VINIL).
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