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ELECTROLUMINESCENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Applications No. 10-2017-0163682 filed on Nov. 30,
2017 and No. 10-2017-0163688 filed on Nov. 30, 2017, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an electrolumi-
nescent display device, and more particularly, to an elec-
troluminescent display device including a pixel circuit for
compensating a voltage drop.

Discussion of the Related Art

[0003] With the advancement of information-oriented
technology, the market in display devices corresponding to
a connection medium between a user and information is
increasing. The use of various types of display devices such
as electroluminescent display devices, liquid crystal display
devices, and quantum dot display devices is increasing.
[0004] In the electroluminescent display devices, when a
gate signal, a data signal, and the like are supplied to at least
one of subpixels, a light emitting device of a selected
subpixel emits light, thereby displaying an image. Light
emitting devices may be implemented based on an organic
material or an inorganic material.

[0005] The electroluminescent display devices display an
image, based on light emitted from a light emitting device of
each subpixel, and thus, it is required to enhance an accuracy
of a pixel circuit which controls light emission of each
subpixel, for enhancing the quality of an image displayed by
the electroluminescent display devices. For example, an
accuracy of the pixel circuit is enhanced by compensating
for a sequential shift characteristic (or time-varying charac-
teristic) where a threshold voltage of a transistor included in
the pixel circuit is shifted.

[0006] There are various methods of compensating for a
sequential shift characteristic of the electroluminescent dis-
play devices. Some of compensation methods do not con-
sider the drop of a source voltage applied to each subpixel,
causing an image quality issue such as the vertical lumi-
nance non-uniformity or crosstalk of the electroluminescent
display devices.

[0007] Therefore, research for designing a pixel circuit
compensated for the drop of the source voltage is being done
in order for the electroluminescent display devices to display
an accurate image.

SUMMARY

[0008] Accordingly, embodiments of the present disclo-
sure are directed to an electroluminescent display device that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0009] An aspect of the present disclosure is to provide a
display device for minimizing voltage drop occurring in a
line to which a voltage is applied.

[0010] Another aspect of the present disclosure is to
provide a pixel circuit and an electroluminescent display
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device including the same, in which an image quality issue
such as the vertical luminance non-uniformity or crosstalk of
a display panel is solved through compensation based on
voltage drop occurring in a line to which a voltage is applied.
[0011] Another aspect of the present disclosure is to
provide an electroluminescent display device in which the
area for the subpixels can be reduced, e.g. by depositing
some of transistors included in each subpixel in a non-
display area, and thus, a high-resolution display device is
realized.

[0012] Another aspect of the present disclosure is directed
to an electroluminescent display device in which an opera-
tion of supplying a reference voltage is set based on a
driving method of a subpixel in order for voltage drop not to
affect a driving current applied to a light emitting device.
[0013] In addition to the aforesaid objects of the present
disclosure, other features and advantages of the present
disclosure will be described below, but will be clearly
understood by those skilled in the art from descriptions
below.

[0014] Additional features and aspects will be set forth in
the description that follows, and in part will be apparent
from the description, or may be learned by practice of the
inventive concepts provided herein. Other features and
aspects of the inventive concepts may be realized and
attained by the structure particularly pointed out in the
written description, or derivable therefrom, and the claims
hereof as well as the appended drawings.

[0015] To achieve these and other aspects of the inventive
concepts, as embodied and broadly described, an electrolu-
minescent display device comprises a display panel includ-
ing a plurality of pixel lines each including a plurality of
pixel circuits. Also, each of the plurality of pixel circuits
included in an nth (where n is a natural number) pixel line
of the plurality of pixel lines may include a driving transistor
connected between a first node and a third node and includ-
ing a gate connected to a second node, a first transistor
allowing a current to flow between the second node and the
third node in response to an n-1st scan signal, a second
transistor applying a reference voltage to the first node in
response to an nth scan signal, a third transistor applying a
high-level power voltage to the first node in response to an
nth emission signal, a fourth transistor allowing a current to
flow between the third node and a fourth node in response
to an n+1st emission signal, a fifth transistor applying an
initialization voltage to the fourth node in response to the
n-1st scan signal, a sixth transistor applying the high-level
power voltage to a fifth node in response to the nth emission
signal, a seventh transistor applying a data voltage to the
fifth node in response to the n-1st scan signal, a capacitor
connected between the second node and the fifth node, and
a light emitting device including an anode connected to the
fourth node and a cathode connected to a line to which a
low-level power voltage is applied. Accordingly, a subpixel
supplied with the reference voltage may provide the light
emitting device with a driving current unaffected by the
high-level power voltage, thereby solving an image quality
issue of the electroluminescent display device.

[0016] The display panel may include a display area and
a non-display area. The second and/or the third transistors
may be disposed in the non-display area.

[0017] In another aspect, an electroluminescent display
device comprises a display panel including a display area
and a non-display area and including a plurality of pixel
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lines each including a plurality of pixel circuits. Also, each
of the plurality of pixel circuits included in an nth pixel line
of the plurality of pixel lines may include a driving transistor
connected between a first node and a third node and includ-
ing a gate connected to a second node, a first transistor
allowing a current to flow between the second node and the
third node in response to an nth scan signal, a second
transistor applying a reference voltage to the first node in
response to the nth scan signal, a third transistor applying a
high-level power voltage to the first node in response to an
nth emission signal, a fourth transistor allowing a current to
flow between the third node and a fourth node in response
to the nth emission signal, a fifth transistor applying an
initialization voltage to the fourth node in response to the nth
scan signal, a sixth transistor applying the high-level power
voltage to a fifth node in response to the nth emission signal,
a seventh transistor applying a data voltage to the fifth node
in response to the nth scan signal, an eighth transistor
supplying an initialization voltage to the second node in
response to an n-1Ist scan signal, a capacitor connected
between the second node and the fifth node, and a light
emitting device including an node connected to the fourth
node and a cathode connected to a line to which a low-level
power voltage is applied. Accordingly, a subpixel supplied
with the reference voltage may provide the light emitting
device with a driving current unaffected by the high-level
power voltage, thereby solving an image quality issue of the
electroluminescent display device.

[0018] The display panel may include a display area and
a non-display area. The second and/or the third transistors
may be disposed in the non-display area.

[0019] In another aspect, an electroluminescent display
device comprises a display panel including a display area
and a non-display area and including a plurality of pixel
lines each including a plurality of pixel circuits. Also, each
of the plurality of pixel circuits included in an nth pixel line
of the plurality of pixel lines may include a driving transistor
connected between a first node and a third node and includ-
ing a gate connected to a second node, a first transistor
allowing a current to flow between the second node and the
third node in response to an n+lst scan signal, a second
transistor applying a reference voltage to the first node in
response to an nth scan signal, a third transistor applying a
high-level power voltage to the first node in response to an
nth emission signal, a fifth transistor applying an initializa-
tion voltage to the fourth node in response to an n-1st scan
signal, a sixth transistor applying the high-level power
voltage to a fifth node in response to the nth emission signal,
a ninth transistor applying the high-level power voltage to
the fifth node in response to the n-1st scan signal, a seventh
transistor applying a data voltage to the fifth node in
response to the n+lst scan signal, a capacitor connected
between the second node and the fifth node, and a light
emitting device including an anode connected to the fourth
node and a cathode connected to a line to which a low-level
power voltage is applied. Accordingly, a subpixel supplied
with the reference voltage may provide the light emitting
device with a driving current unaffected by the high-level
power voltage, thereby solving an image quality issue of the
electroluminescent display device.

[0020] The display panel may include a display area and
a non-display area. The second and/or the third transistors
may be disposed in the non-display area.
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[0021] 1In another aspect, an electroluminescent display
device comprises a display panel including a display area
and a non-display area and including a plurality of pixel
lines each including a plurality of pixel circuits. Also, each
of the plurality of pixel circuits included in an nth pixel line
of the plurality of pixel lines may include a driving transistor
connected between a first node and a third node and includ-
ing a gate connected to a second node, a first transistor
allowing a current to flow between the second node and the
third node in response to an nth scan signal, a second
transistor applying a reference voltage to the first node in
response to the nth scan signal, a third transistor applying a
high-level power voltage to the first node in response to an
nth emission signal, a fifth transistor applying an initializa-
tion voltage to a fourth node in response to the nth scan
signal, a sixth transistor applying the high-level power
voltage to a fifth node in response to the nth emission signal,
a ninth transistor applying the high-level power voltage to a
fifth node in response to an n-1st scan signal, a seventh
transistor applving a data voltage to the fifth node in
response to the nth scan signal, an eighth transistor supply-
ing an initialization voltage to the second node in response
to the n-1Ist scan signal, a fourth transistor allowing a
current to flow between the third node and a fourth node in
response to the nth emission signal, a capacitor connected
between the second node and the fifth node, and a light
emitting device including an node connected to the fourth
node and a cathode connected to a line to which a low-level
power voltage is applied. Accordingly, a subpixel supplied
with the reference voltage may provide the light emitting
device with a driving current unaffected by the high-level
power voltage, thereby solving an image quality issue of the
electroluminescent display device.

[0022] The display panel may include a display area and
a non-display area. The second and/or the third transistors
may be disposed in the non-display area.

[0023] Details of other embodiments are included in the
detailed description and the drawings.

[0024] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated and constitute a part of this application, illus-
trate embodiments of the disclosure and together with the
description serve to explain various principles. In the draw-
ings:

[0026] FIG. 1 is a block diagram illustrating an electrolu-
minescent display device according to an embodiment of the
present disclosure;

[0027] FIG. 2 is a block diagram illustrating a subpixel
illustrated in FIG. 1 and signal lines connected to the
subpixel;

[0028] FIG. 3 is a circuit diagram of a subpixel according
to a first embodiment of the present disclosure;

[0029] FIG. 4A is a diagram for describing driving of a
subpixel according to a first embodiment of the present
disclosure in an initialization period;

[0030] FIG. 4B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 4A;
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[0031] FIG. 5A is a diagram for describing driving of a
subpixel according to a first embodiment of the present
disclosure in a sampling period;

[0032] FIG. 5B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 5A;

[0033] FIG. 6A is a diagram for describing driving of a
subpixel according to a first embodiment of the present
disclosure in a holding period,

[0034] FIG. 6B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 6A;

[0035] FIG. 7A is a diagram for describing driving of a
subpixel according to a first embodiment of the present
disclosure in a programming period;

[0036] FIG. 7B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 7A;

[0037] FIG. 8A is a diagram for describing driving of a
subpixel according to a first embodiment of the present
disclosure in an emission period,

[0038] FIG. 8B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 8A;

[0039] FIG. 9 is a circuit diagram of a subpixel according
to a second embodiment of the present disclosure;

[0040] FIG. 10A is a diagram for describing driving of a
subpixel according to a second embodiment of the present
disclosure in an initialization period,

[0041] FIG. 10B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 10A;

[0042] FIG. 11A is a diagram for describing driving of a
subpixel according to a second embodiment of the present
disclosure in a sampling period;

[0043] FIG. 11B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 114,

[0044] FIG. 12A is a diagram for describing driving of a
subpixel according to a second embodiment of the present
disclosure in a holding period,

[0045] FIG. 12B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 12A;

[0046] FIG. 13A is a diagram for describing driving of a
subpixel according to a second embodiment of the present
disclosure in an emission period,;

[0047] FIG. 13B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 13A;

[0048] FIG. 14 is a circuit diagram of a subpixel according
to a third embodiment of the present disclosure;

[0049] FIG. 15A is a diagram for describing driving of a
subpixel according to a third embodiment of the present
disclosure in an initialization period,

[0050] FIG. 15B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 15A;

[0051] FIG. 16A is a diagram for describing driving of a
subpixel according to a third embodiment of the present
disclosure in a first holding period;

[0052] FIG. 16B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 16A,

[0053] FIG. 17A is a diagram for describing driving of a
subpixel according to a third embodiment of the present
disclosure in a sampling period;

[0054] FIG. 17B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 17A;

[0055] FIG. 18A is a diagram for describing driving of a
subpixel according to a third embodiment of the present
disclosure in a second holding period,

[0056] FIG. 18B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 18A;
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[0057] FIG. 19A is a diagram for describing driving of a
subpixel according to a third embodiment of the present
disclosure in an emission period,

[0058] FIG. 19B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 19A;

[0059] FIG. 20 is a circuit diagram of a subpixel according
to a fourth embodiment of the present disclosure;

[0060] FIG. 21A is a diagram for describing driving of a
subpixel according to a fourth embodiment of the present
disclosure in an initialization period;

[0061] FIG. 21B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 21A;

[0062] FIG. 22A is a diagram for describing driving of a
subpixel according to a fourth embodiment of the present
disclosure in a sampling period,;

[0063] FIG. 22B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 22A;

[0064] FIG. 23A is a diagram for describing driving of a
subpixel according to a fourth embodiment of the present
disclosure in a holding period,

[0065] FIG. 23B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 23A;

[0066] FIG. 24A is a diagram for describing driving of a
subpixel according to a fourth embodiment of the present
disclosure in an emission period; and

[0067] FIG. 24B is a waveform diagram for describing
driving of the subpixel illustrated in FIG. 24A.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0068] Reference will now be made in detail to the
embodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

[0069] Advantages and features of the present disclosure,
and implementation methods thereof will be clarified
through following embodiments described with reference to
the accompanying drawings. The present disclosure may,
however, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the present disclosure to those skilled in the art.
Furthermore, the present disclosure is only defined by
scopes of claims.

[0070] A shape, a size, a ratio, an angle, and a number
disclosed in the drawings for describing embodiments of the
present disclosure are merely an example, and thus, the
present disclosure is not limited to the illustrated details.
Like reference numerals refer to like elements throughout. In
the following description, when the detailed description of
the relevant known function or configuration is determined
to unnecessarily obscure the important point of the present
disclosure, the detailed description will be omitted. In a case
where ‘comprise’, ‘have’, and ‘include’ described in the
present specification are used, another part may be added
unless ‘only~’ is used. The terms of a singular form may
include plural forms unless referred to the contrary.

[0071] In construing an element, the element is construed
as including an error range although there is no explicit
description.

[0072] In describing a position relationship, for example,
when a position relation between two parts is described as
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‘on~’, ‘over~’, ‘under~’, and ‘next~’, one or more other
parts may be disposed between the two parts unless ‘just’ or
“direct’ is used.

[0073] In describing a time relationship, for example,
when the temporal order is described as ‘after~’, ‘subse-
quent~’, ‘next~’, and ‘before~’, a case which is not con-
tinuous may be included unless ‘just’ or ‘direct’ is used.

[0074] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-operated
with each other and driven technically as those skilled in the
art can sufficiently understand. The embodiments of the
present disclosure may be carried out independently from
each other, or may be carried out together in co-dependent
relationship.

[0075] In the present specification, a pixel circuit provided
on a substrate of a display panel may be implemented with
an n-type or p-type transistor. For example, the transistor
may be implemented as a transistor having a metal oxide
semiconductor field effect transistor (MOSFET) structure.
The transistor may be a three-electrode element including a
gate electrode (gate), a source electrode (source), and a drain
electrode (drain). The source may be an electrode for
supplying a carrier to the transistor. In the transistor, the
carrier may start to flow from the source. The drain may be
an electrode through which the carrier flows out from the
transistor to the outside. For example, in the transistor, the
carrier may flow from the source to the drain. In the n-type
transistor, since the carrier is an electron, a source voltage
may have a level which is lower than that of a drain voltage.
In the n-type transistor, since the electron flows from the
source to the drain, a current may flow from the drain to the
source. In the p-type transistor, since the carrier is a hole, a
source voltage may be higher than a drain voltage in order
for the hole to flow from the source to the drain. In the p-type
transistor, since the hole flows from the source to the drain,
a current may flow from the source to the drain. The source
and the drain of the transistor may not be fixed, and based
on an applied voltage, the source and the drain of the
transistor may switch therebetween. Also, the source and the
drain of the transistor may be respectively referred to as a
first electrode and a second electrode, or may be respectively
referred to as a second electrode and a first electrode.

[0076] Hereinafter, a gate-on voltage may be a voltage of
a gate signal for turning on a transistor. A gate-off voltage
may be a voltage of the gate signal for turning off the
transistor. 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 or a logic high voltage (VH), and
the gate-off voltage may be a gate low voltage or a logic low
voltage (VL). Also, levels of a high-level power voltage, a
low-level power voltage, an initialization voltage, a refer-
ence voltage, a data voltage, a gate high voltage, and a gate
low voltage described below may vary based on a luminance
of an electroluminescent display device.

[0077] Hereinafter, an electroluminescent display device
according to embodiments of the present disclosure will be
described with reference to the accompanying drawings.

[0078] FIG. 1 is a block diagram illustrating an electrolu-
minescent display device 100 according to an embodiment
of the present disclosure.
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[0079] Referring to FIG. 1, the electroluminescent display
device 100 may include an image processor 110, a timing
controller 120, a gate driver 130, a data driver 140, and a
display panel 150.

[0080] The image processor 110 may output image data
supplied from the outside and a driving signal for driving
various elements. The driving signal output from the image
processor 110 may include a data enable signal, a vertical
sync signal, a horizontal sync signal, and a clock signal.
[0081] The timing controller 120 may be supplied with the
image data and the driving signal from the image processor
110. The timing controller 120 may output a gate timing
control signal GTC for controlling an operation timing of the
gate driver 130 and a data timing control signal DTC for
controlling an operation timing of the data driver 140, based
on the driving signal.

[0082] The gate driver 130 may output a scan signal in
response to the gate timing control signal GTC supplied
from the timing controller 120. The gate driver 130 may
output a gate signal through a plurality of gate lines GL1 to
GLp (where p is an integer equal to or more than two). The
gate driver 130 may be implemented as an integrated circuit
(IC) type, or may be implemented as a gate in panel (GIP)
type which is embedded into the display panel 150. The gate
driver 130 may be disposed on each or one of the left and the
right of the display panel 150. The gate driver 130 may
respectively output first to pth scan signals to first to pth scan
lines of the display panel 150.

[0083] The data driver 140 may output a data voltage in
response to the data timing control signal DTC supplied
from the timing controller 120. The data driver 140 may
sample and latch a digital data signal DATA supplied from
the timing controller 120 to convert the digital data signal
DATA into an analog data signal based on a gamma refer-
ence voltage. The data driver 140 may output the data signal
through a plurality of data lines DL1 to DLq (where q is an
integer equal to or more than two). The data driver 140 may
be provided as an IC type on the display panel 150, or may
be provided as a chip on film (COF) type on the display
panel 150.

[0084] A power supply 180 may output a high-level power
voltage VDD, a low-level power voltage VSS, etc. The
high-level power voltage VDD and the low-level power
voltage VSS output from the power supply 180 may be
supplied to the display panel 150. The high-level power
voltage VDD may be supplied to the display panel 150
through a high level power line, and the low-level power
voltage VSS may be supplied to the display panel 150
through a low level power line. A voltage output from the
power supply 180 may be used by the gate driver 130 or the
data driver 140.

[0085] Thedisplay panel 150 may display an image, based
on the gate signal and the data signal respectively supplied
from the gate driver 130 and the data driver 140 and a source
voltage supplied from the power supply 180.

[0086] The display panel 150 may include a display area,
where a plurality of subpixels SP are provided, and a
non-display area which is disposed outside the display area
and includes various signal lines, a plurality of pads, and/or
the like. The display area may be an area which displays an
image, and thus, may be an area where the subpixels SP are
disposed. The non-display area may be an area which does
not display an image, and thus, may be an area where a
plurality of dummy subpixels is disposed or the subpixels SP
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are not disposed. Each subpixel SP may be electrically
operated by a pixel circuit. The pixel circuit may comprise
a first part being arranged in the display area of the display
panel 150 and thus may be a part DA of the subpixel SP. The
pixel circuit may also comprise a second part being arranged
in the non-display area DA of the display panel 150 and thus
may not be a part of the subpixel SP. The combination of the
first part and the second part may form the pixel circuit.

[0087] The display area may include the plurality of
subpixels SP and may display an image, based on a gray
level displayed by each of the subpixels SP. Each of the
subpixels SP may be connected to a data line arranged along
a column line and may be connected to a gate line arranged
along a pixel line or a row line. Subpixels SP connected to
the same pixel line may share the same gate line and may be
simultaneously supplied with the gate signal through a
corresponding gate line. Also, if subpixels SP disposed on a
first pixel line are defined as first subpixels and subpixels SP
disposed on a pth pixel line are defined as pth subpixels, first
to pth subpixels may be sequentially driven.

[0088] The subpixels SP of the display panel 150 may be
arranged as a matrix type to configure a pixel array, but are
not limited thereto. The subpixels SP of the display panel
150 may be arranged as various types such as a pixel sharing
type, a stripe type, and a diamond type, in addition to the
matrix type.

[0089] The subpixels SP 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 SP may have one or more different
emission areas, based on an emission characteristic.

[0090] FIG. 2 is a block diagram illustrating a subpixel
illustrated in FIG. 1 and signal lines connected to the
subpixel SP.

[0091] One subpixel SP may be connected to a gate line
GL, a data line DL, a high level power line VDDL, a low
level power line VSSL, an initialization voltage line Vinil,
and a reference voltage line Vrefl.. The number of transistors
and capacitors included in the subpixel SP and a driving
method of the subpixel SP may be determined based on a
configuration of a pixel circuit, e.g. by the configuration of
the first part of the pixel circuit disposed (arranged) on the
display area. In this case, the gate line may include a
plurality of scan lines, through which a scan signal is
transferred, and a plurality of emission lines through which
an emission signal is transferred.

[0092] FIG. 3 is a circuit diagram of a subpixel SP
according to a first embodiment of the present disclosure.

[0093] The display panel 150 may include the display
area, which displays an image based on the subpixels SP
and/or the first part of the pixel circuits, and the non-display
DA area which does not display an image and where signal
lines, driving circuits, the second part of the pixel circuits,
and the like are disposed.

[0094] The electroluminescent display device 100 may
display an image based on light emitted from a light emitting
device EL included in each of the subpixels SP. However, in
each subpixel SP, the voltage drop of a line to which a source
voltage is applied occurs due to a sequential shift charac-
teristic where a threshold voltage of an element included in
each subpixel SP is shifted and enlarging of the display panel
150, and thus, it is required to compensate for the voltage
drop.
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[0095] Therefore, a pixel circuit which recognizes a prob-
lem causing an image quality issue such as vertical lumi-
nance non-uniformity or crosstalk in an electroluminescent
display device according to an embodiment of the present
disclosure and solves the problem will be described below.
Additionally, the first part of the pixel circuit that is arranged
in the display area DA, needs to be miniaturized to enable
higher resolutions of the display panel 150. An example
where a below-described pixel circuit is configured with
p-type transistors will be described, but the present embodi-
ment is not limited thereto. In other embodiments, n-type
transistors may be applied. Also, an example where a
subpixel SP according to a first embodiment of the present
disclosure is a subpixel SP disposed on an nth (where n is a
natural number satisfying l=n<p) pixel line will be
described.

[0096] An nth subpixel SP may include first to seventh
transistors T1 to T7, a driving transistor DT, a capacitor Cst,
and a light emitting device EL. In the first embodiment of the
present disclosure, the nth subpixel SP may be implemented
based on a total of eight transistors and one capacitor.
[0097] The driving transistor DT may include a source
connected to a first node N1, a gate connected to a second
node N2, and a drain connected to a third node N3. When a
gate-on voltage is applied to the second node N2, the driving
transistor DT may be turned on to provide a constant current
to the third node N3.

[0098] The first transistor T1 may include a gate con-
nected to an n-1st scan line, a source connected to the
second node N2, and a drain connected to the third node N3.
The first transistor T1 may be turned on in response to a
gate-on voltage of an n-1st scan signal Scan(n-1) applied
through the n-1st scan line. When the first transistor T1 is
turned on, the gate and the drain of the driving transistor DT
may be electrically connected to each other, and thus, the
driving transistor DT may be in a diode connection state.
[0099] The second transistor T2 may include a gate con-
nected to an nth scan line, a source connected to a reference
voltage line, and a drain connected to the first node N1. The
second transistor T2 may be turned on in response to a
gate-on voltage of an nth scan signal Scan(n) applied
through the nth scan line. When the second transistor T2 is
turned on, a reference voltage Vref may be applied to the
first node N1.

[0100] The third transistor T3 may include a gate con-
nected to an nth emission line, a source connected to a high
level power line, and a drain connected to the first node N1.
The third transistor T3 may be turned on in response to a
gate-on voltage of an nth emission signal EM(n) applied
through the nth emission line. When the third transistor T3
is turned on, a high-level power voltage VDD may be
applied to the first node N1.

[0101] The fourth transistor T4 may include a gate con-
nected to an n+1st emission line, a source connected to the
third node N3, and a drain connected to a fourth node N4.
In this case, the fourth node N4 may be connected to an
anode of the light emitting device EL. The fourth transistor
T4 may be turned on in response to a gate-on voltage of an
n+1st emission signal EM(n+1) applied through the n+1st
emission line. When the fourth transistor T4 is turned on, a
current may flow between the third node N3 and the fourth
node N4.

[0102] The light emitting device EL may include the
anode connected to the fourth node N4 and a cathode to
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which a low-level power voltage VSS is applied. When the
fourth transistor T4 is turned on, a driving current generated
through the driving transistor DT may be applied to the
anode of the light emitting device EL, and thus, the light
emitting device ELL may emit light. For example, the low-
level power voltage VSS may be a voltage of -4V to -2.5V,
but is not limited thereto.

[0103] The fifth transistor T5 may include a gate con-
nected to the n-1st scan line, a source connected to the
anode of the light emitting device EL, and a drain connected
to an initialization line. The fifth transistor TS may be turned
on in response to the gate-on voltage of the n-1st scan signal
Scan(n-1) applied through the n-1st scan line. When the
fifth transistor T5 is turned on, the anode of the light emitting
device EL. may be initialized based on an initialization
voltage.

[0104] The sixth transistor T6é may include a gate con-
nected to the nth emission line, a source connected to the
high level power line, and a drain connected to a fifth node
N5. The sixth transistor Té may be turned on in response to
the gate-on voltage of the nth emission signal EM(n) applied
through the nth emission line. When the sixth transistor T6
is turned on, the high-level power voltage VDD may be
applied to the fifth node N5.

[0105] The capacitor Cst may include a first electrode
connected to the second node N2 and a second electrode
connected to the fifth node NS.

[0106] The seventh transistor T7 may include a gate
connected to the n-1st scan line, a source connected to a data
line, and a drain connected to the fifth node N5. The seventh
transistor T7 may be turned on in response to the gate-on
voltage of the n-1st scan signal Scan(n-1) applied through
the n—1st scan line. When the seventh transistor T7 is turned
on, a data voltage Vdata may be applied to the fifth node NS5.
[0107] Moreover, a voltage applied to the gate of the
driving transistor DT may control a turn-on state of the
driving transistor DT, and thus, a transistor including a
source or a drain connected to the gate of the driving
transistor DT may include two or more transistors serially
connected to each other, for maximally suppressing an
influence of a leakage current. In this case, the two or more
transistors may be controlled by the same control signal.
Accordingly, in the nth subpixel SP according to the first
embodiment of the present disclosure, the first transistor T1
may be implemented as a double-gate type transistor.
[0108] The nth subpixel SP according to the first embodi-
ment of the present disclosure may operate in the order of an
initialization period, a sampling period, a holding period, a
programming period, and an emission period. The initial-
ization period may be a period where the gate of the driving
transistor DT is initialized, the sampling period may be a
period where a threshold voltage of the driving transistor DT
is sampled and a data voltage Vdata is applied through a data
line, and the holding period may be a period where the
reference voltage Vref is held by a specific node and an error
of a voltage applied to the gate of the driving transistor DT
in the programming period subsequent thereto is prevented
from being caused by an RC delay of the n-1st scan signal
Scan(n-1). Also, the programming period may be a period
where the high-level power voltage VDD is applied to the
gate and the source of the driving transistor DT, and the
emission period may be a period where the light emitting
device EL emits light with a driving current generated based
on the data voltage Vdata.
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[0109] The nth subpixel SP according to the first embodi-
ment of the present disclosure may have an initialization
period INI, a sampling period SAM, a holding period HLD,
and a programming period PRG during a period where a
gate-off voltage of the nth emission signal EM(n) or the n+1s
emission signal EM(n+1) is applied, and thus, compensation
based on an internal circuit may be performed. An operation
characteristic during the periods will be described below.
For example, a gate-on voltage of a scan signal may be
applied during two horizontal periods 2H, and a gate-off
voltage of an emission signal may be applied during three
horizontal periods 3H. Also, for example, each of the
initialization period INI, the sampling period SAM, the
holding period HLD, and the programming period PRG may
be executed during one horizontal period 1H. Driving of the
pixel circuit will be described below with reference to the
drawings.

[0110] FIG. 4A is a diagram for describing driving of the
subpixel according to the first embodiment of the present
disclosure in the initialization period. F1G. 4B is a waveform

diagram for describing driving of the subpixel illustrated in
FIG. 4A.

[0111] In the initialization period INI, the n-1st scan
signal Scan(n-1) and the n+1st emission signal EM(n+1)
may each have a gate-on voltage, and the nth scan signal
Scan(n) and the nth emission signal EM(n) may each have
a gate-off voltage. For example, the gate-on voltage may be
a logic low voltage VL and may be -8V, and the gate-off
voltage may be a logic high voltage VH and may be 8V.
However, the present embodiment is not limited thereto.

[0112] The first transistor T1, the fifth transistor T5, and
the seventh transistor T7 may be turned on by the gate-on
voltage applied through the n-1st scan line, and the fourth
transistor T4 may be turned on by the gate-on voltage
applied through the n+lIst emission line. An initialization
voltage Vini may be applied to the second node N2 through
the turned-on first transistor T1, fourth transistor T4, and
fifth transistor T5, and thus, the gate of the driving transistor
DT may be initialized to the initialization voltage Vini. Also,
the data voltage Vdata may be applied to the fifth node T5
through the turned-on transistor T7, thereby preventing
changing of the second node N2. In this case, the initializa-
tion voltage Vini may be a voltage which is equal to or lower
than the low-level power voltage VSS. For example, the
initialization voltage Vini may be a voltage of -4V to -3V,
and the data voltage Vdata may be a voltage which varies
within a range of 0.3V to 6.3V, based on luminance.

[0113] During the initialization period INI, the gate of the
driving transistor DT may be initialized based on the ini-
tialization voltage Vini, and the capacitor Cst may be
charged with the initialization voltage Vini and the data
voltage Vdata.

[0114] FIG. 5Ais a diagram for describing driving of the
subpixel according to the first embodiment of the present
disclosure in the sampling period. FIG. 5B is a waveform

diagram for describing driving of the subpixel illustrated in
FIG. 5A.

[0115] In the sampling period SAM, the n-1st scan signal
Scan(n-1) and the nth scan signal Scan(n) may each have a
gate-on voltage, and the nth emission signal EM(n) and the
n+1st emission signal EM(n+1) may each have a gate-off
voltage. A period where the n-1st scan signal Scan(n-1) has
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the gate-on voltage and a period where the nth scan signal
Scan(n) has the gate-on voltage may overlap each other in
the sampling period SAM.

[0116] The first transistor T1, the fifth transistor T5, and
the seventh transistor T7 may maintain a turn-on state with
the gate-on voltage applied through the n-1st scan line, and
the second transistor T2 may be turned on by the gate-on
voltage applied through the nth scan line and may be in the
diode connection state. The reference voltage Vref may be
applied to the source of the driving transistor DT through the
turned-on second transistor T2, and the gate and the drain of
the driving transistor DT may be connected to each other by
the turned-on first transistor T1, whereby the driving tran-
sistor DT may be turned on. A voltage of the second node N2
connected to the gate of the driving transistor DT may
increase up to a sum of the reference voltage Vref and a
threshold voltage Vith of the driving transistor DT. Also, the
data voltage Vdata applied to the fifth node N5 in the
initialization period INI may be maintained even in the
sampling period SAM. Therefore, a voltage corresponding
to the sum of the reference voltage Vref and the threshold
voltage Vth of the driving transistor DT may be applied to
the first electrode of the capacitor Cst, and the data voltage
Vdata may be applied to the second electrode of the capaci-
tor Cst, whereby the capacitor Cst may be charged with a
difference voltage “Vdata—(Vref+Vth)” between the voltage
applied to the first electrode and the data voltage applied to
the second electrode. Also, the fifth transistor T5 may be
turned on to initialize the anode of the light emitting device
EL to the initialization voltage Vini. In this case, the refer-
ence voltage Vref may be a voltage which is higher than the
low-level power voltage VSS and is lower than the high-
level power voltage VDD. For example, the reference volt-
age Vref may be 4V, and the threshold voltage Vth may be
-4V. However, the present embodiment is not limited
thereto.

[0117] During the sampling period SAM, since the n-1st
scan signal Scan(n-1) and the nth scan signal Scan(n)
having the gate-on voltage are applied, one electrode of the
capacitor Cst may be held by applying the data voltage
Vdata to the fifth node N5, and by applying the reference
voltage Vref to the source of the driving transistor DT, the
second node N2 may sample the threshold voltage Vth of the
driving transistor DT and may sense the reference voltage
Vref

[0118] FIG. 6A is a diagram for describing driving of the
subpixel according to the first embodiment of the present
disclosure in the holding period. FIG. 6B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 6A.

[0119] In the holding period HLD, the nth scan signal
Scan(n) may have a gate-on voltage, and the n-1st scan
signal Scan(n-1), the nth emission signal EM(n), and the
n+1st emission signal EM(n+1) may each have a gate-off
voltage.

[0120] The second transistor T2 may maintain a turn-on
state with the gate-on voltage applied through the nth scan
signal Scan(n). The reference voltage Vref may be applied to
the first node N1 through the turned-on second transistor T2.
In the holding period HLD, the capacitor Cst may be charged
with the data voltage Vdata and may hold the data voltage
Vdata, based on a voltage difference between both ends
thereof. In the holding period HLD, the n-1st scan signal
Scan(n—-1) may be shifted from the gate-on voltage to the
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gate-off voltage, and thus, a voltage at the gate of the driving
transistor DT may slightly vary due to a parasitic capacitor
of the first transistor T1. In this case, the driving transistor
DT may be in a turn-off state.

[0121] FIG. 7Ais a diagram for describing driving of the
subpixel according to the first embodiment of the present
disclosure in the programming period. FIG. 7B is a wave-
form diagram for describing driving of the subpixel illus-
trated in FIG. 7A.

[0122] In the programming period PRG, the nth emission
signal EM(n) may have a gate-on voltage, and the n-1st scan
signal Scan(n-1), the nth scan signal Scan(n), and the n+1st
emission signal EM(n+1) may each have a gate-off voltage.
[0123] The third transistor T3 and the sixth transistor T6
may be turned on by the gate-on voltage of the nth emission
signal EM(n) applied thereto. The high-level power voltage
VDD may be applied to the first node N1 through the
turned-on third transistor T3, and the high-level power
voltage VDD may be applied to the fifth node N5 through
the turned-on sixth transistor T6. A voltage of the fifth node
N5 connected to the second electrode of the capacitor Cst
may be shifted from the data voltage Vdata to the high-level
power voltage VDD, and due to coupling of the capacitor
Cst, a voltage at the first electrode of the capacitor Cst may
vary by a voltage variation of the fifth node N5. Therefore,
a voltage of the second node N2 connected to the first
electrode of the capacitor Cst may become “Vref+Vth+
(VDD-Vdata)”. In this case, since the high-level power
voltage VDD is applied to the source of the driving transistor
DT, the driving transistor DT may be turned on, but since the
fourth transistor T4 is in a turn-off state, the light emitting
device EL. may not emit light. For example, the high-level
power voltage VDD may be 4.6V, but is not limited thereto.
[0124] FIG. 8A is a diagram for describing driving of the
subpixel according to the first embodiment of the present
disclosure in the emission period. FIG. 8B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 8A.

[0125] Inthe emission period EMI, the nth emission signal
EM(n) and the n+1st emission signal EM(n+1) may each
have a gate-on voltage, and the n—1st scan signal Scan(n-1)
and the nth scan signal Scan(n) may each have a gate-off
voltage.

[0126] The third transistor T3 and the sixth transistor T6
may maintain a turn-on state with the gate-on voltage of the
nth emission signal EM(n) applied thereto. Therefore, the
second electrode of the capacitor Cst and the source of the
driving transistor DT may maintain the high-level power
voltage VDD, and thus, the driving transistor DT may
maintain a turn-on state. Also, the fourth transistor T4 may
be turned on by the gate-on voltage of the n+1st emission
signal EM(n+1) applied thereto, and thus, may allow a
current to flow between the third node N3 and the fourth
node N4. Accordingly, a driving current generated in the
turned-on driving transistor DT may be applied to the anode
of the light emitting device EL through the fourth transistor
T4 to allow the light emitting device EL to emit light. Also,
by connecting the gate of the fourth transistor T4 to the n+1st
emission signal line, the gate of the driving transistor DT
may be initialized in the initialization period INI, and the
driving current may be applied to the anode of the light
emitting device EL in the emission period EMI.

[0127] In the nth subpixel SP according to the first
embodiment of the present disclosure, the high-level power



US 2019/0164491 Al

voltage VDD may be reflected in each of the source and the
gate of the driving transistor DT through the holding period
HLD, in order to consider the voltage drop of the high-level
power voltage VDD. Therefore, a current of the nth subpixel
SP which has been compensated for may be expressed as the
following Equation:

Toled=K(Vgs—Vthy’=K{ (Vref+Vth+(VDD-Vdata))-
VDD-Vth}2 =K (Vief-Vdata)’

where Ioled denotes a current flowing through the light
emitting device EL, K denotes a constant, Vgs denotes a
voltage between the gate and the source of the driving
transistor DT, Vth denotes the threshold voltage of the
driving transistor DT, VDD denotes the high-level power
voltage applied through the high level power line VDDL,
Vref denotes the reference voltage applied through the
reference voltage line Vrefl, and Vdata denotes a data
voltage applied through the data line DL.

[0128] As seen in the Equation, loled may be determined
based on a difference between the reference voltage and the
data voltage. According to the Equation, in the nth subpixel
SP according to the first embodiment of the present disclo-
sure, it can be seen that the voltage drop of the high-level
power voltage is compensated for, based on the high-level
power voltage VDD which is applied to the gate and the
source of the driving transistor DT in the holding period
HLD and the reference voltage Vref which is applied to the
source of the driving transistor DT in the sampling period
SAM and the holding period HLD.

[0129] Therefore, a driving circuit for compensating for a
sequential shift characteristic based on the voltage drop of
the high-level power voltage may be implemented, and thus,
an image quality issue such as the vertical luminance
non-uniformity or crosstalk of a display device is solved.
Moreover, the second and third transistors T2 and T3 of the
plurality of transistors configuring the nth subpixel SP
according to the first embodiment of the present disclosure
may be disposed on one side of the non-display area and
may be used in common by q (where q is an integer equal
to or more than two) number of subpixels disposed on an nth
pixel line. Also, in a case where the gate driver 130 is
disposed on each of the left and the right, the second and
third transistors T2 and T3 may be disposed in each of a left
non-display area and a right non-display area and may be
used in common by g/2 number of subpixels. Therefore, the
number of transistors configuring each subpixel is reduced,
and thus, each subpixel is efliciently designed, thereby
implementing a high-resolution display device. In this case,
the other transistors (which area driving transistor DT, first
transistor T1, fourth transistor T4, fifth transistor T5, sixth
transistor T6, seventh transistor T7) except for the second
and third transistors T2 and T3 among the plurality of
transistors, the light emitting device EL and the capacitor Cst
configuring the nth subpixel SP may be necessary for an
individual operation of each subpixel SP are disposed in the
display area, and thus, cannot be used in common by the nth
pixel line. Accordingly, since the second and third transistors
T2 and T3 are disposed in the non-display area DA, the
high-resolution display device may be implemented.

[0130] FIG. 9 is a circuit diagram of a subpixel according
to a second embodiment of the present disclosure. FIG. 9 is
a modification example where one transistor is added to the
pixel circuit of FIG. 3, and thus, overlapping descriptions are
omitted or will be briefly described.
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[0131] An nth subpixel SP according to a second embodi-
ment of the present disclosure may include first to eighth
transistors T1 to T8, a driving transistor DT, a capacitor Cst,
and a light emitting device EL. In the second embodiment of
the present disclosure, the nth subpixel SP may be imple-
mented based on a total of nine transistors and one capacitor.

[0132] The driving transistor DT may include a source
connected to a first node N1, a gate connected to a second
node N2, and a drain connected to a third node N3. When a
gate-on voltage is applied to the second node N2, the driving
transistor DT may be turned on to provide a constant current
to the third node N3.

[0133] The first transistor T1 may include a gate con-
nected to an nth scan line, a source connected to the second
node N2, and a drain connected to the third node N3. The
first transistor T1 may be turned on in response to a gate-on
voltage of an nth scan signal Scan(n) applied through the nth
scan line. When the first transistor T1 is turned on, the gate
and the drain of the driving transistor DT may be electrically
connected to each other, and thus, the driving transistor DT
may be in a diode connection state.

[0134] The second transistor T2 may include a gate con-
nected to the nth scan line, a source connected to a reference
voltage line, and a drain connected to the first node N1. The
second transistor T2 may be turned on in response to a
gate-on voltage of an nth scan signal Scan(n) applied
through the nth scan line. When the second transistor T2 is
turned on, a reference voltage Vref may be applied to the
first node N1.

[0135] The third transistor T3 may include a gate con-
nected to an nth emission line, a source connected to a high
level power line, and a drain connected to the first node N1.
The third transistor T3 may be turned on in response to a
gate-on voltage of an nth emission signal EM(n) applied
through the nth emission line. When the third transistor T3
is turned on, a high-level power voltage VDD may be
applied to the first node N1.

[0136] The fourth transistor T4 may include a gate con-
nected to an nth emission line, a source connected to the
third node N3, and a drain connected to a fourth node N4.
In this case, the fourth node N4 may be connected to an
anode of the light emitting device EL. The fourth transistor
T4 may be turned on in response to a gate-on voltage of the
nth emission signal EM(n) applied through the nth emission
line. When the fourth transistor T4 is turned on, a current
may flow between the third node N3 and the fourth node N4.

[0137] The light emitting device EL may include the
anode connected to the fourth node N4 and a cathode to
which a low-level power voltage VSS is applied. When the
fourth transistor T4 is turned on, a driving current generated
through the driving transistor DT may be applied to the
anode of the light emitting device EL, and thus, the light
emitting device EL. may emit light. For example, the low-
level power voltage VSS may be a voltage of -4V to -2.5V.

[0138] The fifth transistor T5 may include a gate con-
nected to the nth scan line, a source connected to the anode
of the light emitting device EL, and a drain connected to an
initialization line. The fifth transistor T5 may be turned on
in response to the gate-on voltage of the nth scan signal
Scan(n) applied through the nth scan line. When the fifth
transistor T5 is turned on, the anode of the light emitting
device EL. may be initialized based on an initialization
voltage.
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[0139] The sixth transistor T6 may include a gate con-
nected to the nth emission line, a source connected to the
high level power line, and a drain connected to a fifth node
N5. The sixth transistor T6é may be turned on in response to
the gate-on voltage of the nth emission signal EM(n) applied
through the nth emission line. When the sixth transistor T6
is turned on, the high-level power voltage VDD may be
applied to the fifth node NS5.

[0140] The capacitor Cst may include a first electrode
connected to the second node N2 and a second electrode
connected to the fifth node N5.

[0141] The seventh transistor T7 may include a gate
connected to the nth scan line, a source connected to a data
line, and a drain connected to the fifth node N5. The seventh
transistor T7 may be turned on in response to the gate-on
voltage of the nth scan signal Scan(n) applied through the
nth scan line. When the seventh transistor T7 is turned on,
a data voltage Vdata may be applied to the fifth node N5.

[0142] The eighth transistor T8 may include a gate con-
nected to an n-1st scan line, a source connected to the
second node N2, and a drain connected to an initialization
line. The eighth transistor T8 may be turned on in response
to the gate-on voltage of an n-1st scan signal Scan(n-1)
applied through the n-1st scan line. When the eighth tran-
sistor T8 1s turned on, an initialization voltage Vini may be
applied to the second node N2.

[0143] Moreover, a voltage applied to the gate of the
driving transistor DT may control a turn-on state of the
driving transistor DT, and thus, a transistor including a
source or a drain connected to the gate of the driving
transistor DT may include two or more transistors serially
connected to each other, for maximally suppressing an
influence of a leakage current. In this case, the two or more
transistors may be controlled by the same control signal.
Accordingly, in the nth subpixel SP according to the second
embodiment of the present disclosure, the first transistor T1
and the eighth transistor T8 may each be implemented as a
double-gate type transistor.

[0144] The nth subpixel SP according to the second
embodiment of the present disclosure may operate in the
order of an initialization period, a sampling period, a holding
period, and an emission period. The initialization period
may be a period where the gate of the driving transistor DT
is initialized, the sampling period may be a period where a
threshold voltage of the driving transistor DT is sampled and
a data voltage Vdata is applied through a data line, and the
holding period may be a period where the data voltage Vdata
is held by a specific node and undesired emission of light
caused by a delay of the scan signal is prevented. Also, the
emission period may be a period where the light emitting
device EL emits light with a driving current generated based
on the data voltage Vdata.

[0145] The nth subpixel SP according to the second
embodiment of the present disclosure may have an initial-
ization period INI and a sampling period SAM during a
period where a gate-off voltage of the nth emission signal
EM(n) is applied, and thus, compensation based on an
internal circuit may be performed. An operation character-
istic during the periods will be described below. For
example, a gate-on voltage of the scan signal may be applied
during one horizontal periods 1 H, and a gate-off voltage of
an emission signal may be applied during three horizontal
periods 3 H. Also, for example, each of the initialization
period INI, the sampling period SAM, and the holding
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period HLD may be executed during one horizontal period
1 H. Driving of the pixel circuit will be described below with
reference to the drawings.

[0146] FIG. 10A is a diagram for describing driving of the
subpixel according to the second embodiment of the present
disclosure in the initialization period. FIG. 10B is a wave-
form diagram for describing driving of the subpixel illus-
trated in FIG. 10A.

[0147] In the initialization period INI, the n-lst scan
signal Scan(n-1) may have a gate-on voltage, and the nth
scan signal Scan(n) and the nth emission signal EM(n) may
each have a gate-off voltage. For example, the gate-on
voltage may be a logic low voltage VL and may be -8V, and
the gate-off voltage may be a logic high voltage VH and may
be 8V. However, the present embodiment is not limited
thereto.

[0148] The eighth transistor T8 may be turned on by the
gate-on voltage applied through the n-1st scan line. An
initialization voltage Vini may be applied to the second node
N2 through the turned-on eighth transistor T8, and thus, the
gate of the driving transistor DT may be initialized to the
initialization voltage Vini. In this case, the initialization
voltage Vini may be a voltage which is equal to or lower than
the low-level power voltage VSS. For example, the initial-
ization voltage Vini may be a voltage of -4V to -3V, and the
data voltage Vdata may be a voltage which varies within a
range of 0.3V to 6.3V, based on luminance.

[0149] During the initialization period INI, the gate of the
driving transistor DT may be initialized based on the ini-
tialization voltage Vini.

[0150] FIG. 11A is a diagram for describing driving of the
subpixel according to the second embodiment of the present
disclosure in the sampling period. FIG. 11B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 11A.

[0151] In the sampling period SAM, the nth scan signal
Scan(n) may have a gate-on voltage, and the n-1st scan
signal Scan(n-1) and the nth emission signal EM(n) may
each have a gate-off voltage.

[0152] The first transistor T1, the second transistor T2, the
fifth transistor T5, and the seventh transistor T7 may be
turned on by the gate-on voltage applied through the nth
scan line. The reference voltage Vref may be applied to the
source of the driving transistor DT through the turned-on
second transistor T2, and the gate and the drain of the
driving transistor DT may be connected to each other by the
turned-on first transistor T1, whereby the driving transistor
DT may be turned on and may be in the diode connection
state. A voltage of the second node N2 connected to the gate
of the driving transistor DT may increase up to a sum of the
reference voltage Vref and a threshold voltage Vth of the
driving transistor DT. Also, the data voltage Vdata may be
applied to the fifth node N5 through the turned-on seventh
transistor T7. Therefore, a voltage corresponding to the sum
of the reference voltage Vref and the threshold voltage Vth
of the driving transistor DT may be applied to the first
electrode of the capacitor Cst, and the data voltage Vdata
may be applied to the second electrode of the capacitor Cst,
whereby the capacitor Cst may be charged with a difference
voltage “Vdata-(Vref+Vth)” between the voltage applied to
the first electrode and the data voltage applied to the second
electrode. Also, the fifth transistor T5 may be turned on to
initialize the anode of the light emitting device EL to the
initialization voltage Vini. In this case, the reference voltage
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Vref may be a voltage which is higher than the low-level
power voltage VSS and is lower than the high-level power
voltage VDD. For example, the reference voltage Vref may
be 4V, and the threshold voltage Vth may be -4V. However,
the present embodiment is not limited thereto.

[0153] During the sampling period SAM, since the nth
scan signal Scan(n) having the gate-on voltage is applied,
one electrode of the capacitor Cst may be held by applying
the data voltage Vdata to the fifth node N5, and by applying
the reference voltage Vref to the source of the driving
transistor DT, the second node N2 may sample the threshold
voltage Vth of the driving transistor DT and may sense the
reference voltage Vref.

[0154] FIG. 12A is a diagram for describing driving of the
subpixel according to the second embodiment of the present
disclosure in the holding period. FIG. 12B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 12A.

[0155] In the holding period HLD, the n-1st scan signal
Scan(n-1), the nth scan signal Scan(n), and the nth emission
signal EM(n) may each have a gate-on voltage, and thus, the
first to eighth transistors T1 to T8 may be turned off

[0156] In the holding period HLD, the nth scan signal
Scan(n) may be shifted from the gate-on voltage to the
gate-off voltage, and thus, a voltage at the gate of the driving
transistor DT may slightly vary due to a parasitic capacitor
of the first transistor T1. In this case, the driving transistor
DT may be in a turn-off state.

[0157] For example, if the nth emission signal EM(n) is
shifted to the gate-on voltage at a time when the nth scan
signal Scan(n) is shifted from the gate-on voltage to the
gate-off voltage, a sampling error occurs. The reason is
because, as illustrated, the nth scan signal Scan(n) is not
ideally shifted from a logic low voltage to a logic high
voltage, and a time when the logic low voltage is shifted to
the logic high voltage is delayed due to RC delay. In this
case, if the nth emission signal EM(n) is shifted to the
gate-on voltage, undesired emission of light occurs. Accord-
ingly, the subpixel according to the second embodiment of
the present disclosure may include the holding period HLD,
thereby preventing undesired emission of light caused by a
delay of a scan signal.

[0158] FIG. 13A is a diagram for describing driving of the
subpixel according to the second embodiment of the present
disclosure in the emission period. FIG. 13B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 13A.

[0159] Inthe emission period EMI, the nth emission signal
EM(n) may have a gate-on voltage.

[0160] The third transistor T3, the fourth transistor T4, and
the sixth transistor T6 may be turned on by the gate-on
voltage of the nth emission signal EM(n) applied thereto.
Therefore, the high-level power voltage VDD may be
applied to the second electrode of the capacitor Cst, and
thus, due to coupling of the capacitor Cst, a voltage of the
second node N2 may become “Vref+Vth+(Vdd-Vdata)”.
Also, the high-level power voltage VDD may be applied to
the source of the driving transistor DT, and thus, the driving
transistor DT may be turned on. Also, the fourth transistor
T4 may be turned on, and thus, may allow a current to flow
between the third node N3 and the fourth node N4. Accord-
ingly, a driving current generated in the turned-on driving
transistor DT may be applied to the anode of the light
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emitting device EL through the fourth transistor T4 to allow
the light emitting device EL to emit light.

[0161] A current of the nth subpixel SP according to the
second embodiment of the present disclosure may be
expressed as the following Equation:

Toled=K(Vgs-Vthy>=K{(Vref+Vth+(VDD-Vdata))-
VDD-Vth}?=K(Vref-Vdata)®

where Ioled denotes a current flowing through the light
emitting device EL, K denotes a constant, Vgs denotes a
voltage between the gate and the source of the driving
transistor DT, Vth denotes the threshold voltage of the
driving transistor DT, VDD denotes the high-level power
voltage applied through the high level power line VDDL,
Vref denotes the reference voltage applied through the
reference voltage line Vrefl, and Vdata denotes a data
voltage applied through the data line DL. For example, the
high-level power voltage VDD may be 4.6V.

[0162] As seen in the Equation, Toled may be determined
based on a difference between the reference voltage and the
data voltage. According to the Equation, in the nth subpixel
SP according to the second embodiment of the present
disclosure, it can be seen that the voltage drop of the
high-level power voltage is compensated for, based on the
reference voltage Vref which is applied to the source of the
driving transistor DT in the sampling petiod SAM and the
high-level power voltage VDD which is applied to the gate
and the source of the driving transistor DT in the emission
period EMI.

[0163] Therefore, a driving circuit for compensating for a
sequential shift characteristic based on the voltage drop of
the high-level power voltage may be implemented, and thus,
an image quality issue such as the vertical luminance
non-uniformity or crosstalk of a display device is solved.

[0164] Moreover, since the nth subpixel SP according to
the second embodiment of the present disclosure includes
the eighth transistor T8, the gate of the driving transistor DT
may be initialized without adding the n+1st emission signal
EM(n+1), and thus, a size of an emission driver for provid-
ing an emission signal is reduced, thereby decreasing a size
of a bezel which is a non-display area of an electrolumi-
nescent display device.

[0165] Moreover, the second and third transistors T2 and
T3 of the plurality of transistors configuring the nth subpixel
SP according to the second embodiment of the present
disclosure may be disposed on one side of the non-display
area and may be used in common by q number of subpixels
disposed on an nth pixel line. Also, in a case where the gate
driver 130 is disposed on each of the left and the right, the
second and third transistors T2 and T3 may be disposed in
each of a left non-display area and a right non-display area
and may be used in common by ¢/2 number of subpixels.
Therefore, the number of transistors configuring each sub-
pixel is reduced, and thus, each subpixel is efliciently
designed, thereby implementing a high-resolution display
device. In this case, the other transistors (which are driving
transistor DT, first transistor T1, fourth transistor T4, fifth
transistor T5, sixth transistor T6, seventh transistor T7, the
eight transistor T8) except for the second and third transis-
tors T2 and T3 among the plurality of transistors, the light
emitting device EL and the capacitor Cst configuring the nth
subpixel SP may be necessary for an individual operation of
each subpixel SP are disposed in the display area, and thus,
cannot be used in common by the nth pixel line. Accord-
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ingly, since the second and third transistors T2 and T3 are
disposed in the non-display area, the high-resolution display
device may be implemented.

[0166] FIG. 14 is a circuit diagram of a subpixel according
to a third embodiment of the present disclosure. In com-
parison with FIG. 3, an eighth transistor T8 is added to the
subpixel of FIG. 14, and the fourth transistor T4 illustrated
in FIG. 3 is not applied to the subpixel of FIG. 14. FIG. 14
is a modification example which is implemented by modi-
fying the pixel circuit of FIG. 3, and thus, overlapping
descriptions are omitted or will be briefly described.

[0167] An nth subpixel SP may include first to third
transistors T1 to T3, fifth to seventh transistors T5 to T7, a
ninth transistor T9, a driving transistor DT, a capacitor Cst,
and a light emitting device EL. In the third embodiment of
the present disclosure, the nth subpixel SP may be imple-
mented based on a total of eight transistors and one capaci-
tor.

[0168] The driving transistor DT may include a source
connected to a first node N1, a gate connected to a second
node N2, and a drain connected to a third node N3. When a
gate-on voltage is applied to the second node N2, the driving
transistor DT may be turned on to provide a constant current
to the third node N3.

[0169] The first transistor T1 may include a gate con-
nected to an n+1st scan line, a source connected to the
second node N2, and a drain connected to the third node N3.
The first transistor T1 may be turned on in response to a
gate-on voltage of an n+1st scan signal Scan(n+1) applied
through the n+1st scan line. When the first transistor T1 is
turned on, the gate and the drain of the driving transistor DT
may be electrically connected to each other, and thus, the
driving transistor DT may be in a diode connection state.

[0170] The second transistor T2 may include a gate con-
nected to an nth scan line, a source connected to a reference
voltage line, and a drain connected to the first node N1. The
second transistor T2 may be turned on in response to a
gate-on voltage of an nth scan signal Scan(n) applied
through the nth scan line. When the second transistor T2 is
turned on, a reference voltage Vref may be applied to the
first node N1.

[0171] The third transistor T3 may include a gate con-
nected to an nth emission line, a source connected to a high
level power line, and a drain connected to the first node N1.
The third transistor T3 may be turned on in response to a
gate-on voltage of an nth emission signal EM(n) applied
through the nth emission line. When the third transistor T3
is turned on, a high-level power voltage VDD may be
applied to the first node N1.

[0172] The fifth transistor T5 may include a gate con-
nected to an n-1st scan line, a source connected to a fourth
node N4, and a drain connected to an initialization line. The
fifth transistor T5 may be turned on in response to the
gate-on voltage of the n-1st scan signal Scan(n-1) applied
through an n-1st scan line. When the fifth transistor T5 is
turned on, the anode of the light emitting device EL, may be
initialized based on an initialization voltage. In this case, the
fourth node N4 may be the same node as the third node N3.
[0173] The light emitting device EL. may include the
anode connected to the fourth node N4 and a cathode to
which a low-level power voltage VSS is applied. When a
driving current generated through the driving transistor DT
is applied to the anode of the light emitting device EL, the
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light emitting device EL may emit light. For example, the
low-level power voltage VSS may be a voltage of -4V to
-2.5V.

[0174] The sixth transistor T6é may include a gate con-
nected to the nth emission line, a source connected to the
high level power line, and a drain connected to a fifth node
N5. The sixth transistor T6é may be turned on in response to
the gate-on voltage of the nth emission signal EM(n) applied
through the nth emission line. When the sixth transistor T6
is turned on, the high-level power voltage VDD may be
applied to the fifth node N5.

[0175] The capacitor Cst may include a first electrode
connected to the second node N2 and a second electrode
connected to the fifth node N5.

[0176] The ninth transistor T9 may include a gate con-
nected to the n-1st scan line, a source connected to the high
level power line, and a drain connected to the fifth node N5.
The ninth transistor T9 may be turned on in response to the
gate-on voltage of the n-1st scan signal Scan(n-1) applied
through the n-1st scan line. When the ninth transistor T9 is
turned on, a high-level power voltage VDD may be applied
to the fifth node N5.

[0177] The seventh transistor T7 may include a gate
connected to the n+1st scan line, a source connected to a data
line, and a drain connected to the fifth node N5, The seventh
transistor T7 may be turned on in response to the gate-on
voltage of the n+1st scan signal Scan(n+1) applied through
the n+1st scan line. When the seventh transistor T7 is turned
on, a data voltage Vdata may be applied to the fifth node N5.
[0178] Moreover, a voltage applied to the gate of the
driving transistor DT may control a turn-on state of the
driving transistor DT, and thus, a transistor including a
source or a drain connected to the gate of the driving
transistor DT may include two or more transistors serially
connected to each other, for maximally suppressing an
influence of a leakage current. In this case, the two or more
transistors may be controlled by the same control signal.
Accordingly, in the nth subpixel SP according to the third
embodiment of the present disclosure, the first transistor T1
may be implemented as a double-gate type transistor.
[0179] The nth subpixel SP according to the third embodi-
ment of the present disclosure may operate in the order of an
initialization period, a first holding period, a sampling
period, a second holding period, and an emission period. The
initialization period may be a period where the anode of the
light emitting device EL is initialized, the first holding
period may be a period where a reference voltage Vref is
applied to the source of the driving transistor DT, and the
sampling period may be a period where the data voltage
Vdata is applied to a specific node and a threshold voltage
of the driving transistor DT is sampled. Also, the second
holding period may be a period where the data voltage Vdata
is held by the specific node, and the emission period may be
a period where the light emitting device EL emits light with
a driving current generated based on the data voltage Vdata.
[0180] The nth subpixel SP according to the third embodi-
ment of the present disclosure may have an initialization
period INI, a first holding period HLD1, a sampling period
SAM, and a second holding period HLD2 during a period
where a gate-off voltage of the nth emission signal EM(n) is
applied, and thus, compensation based on an internal circuit
may be performed. An operation characteristic during the
periods will be described below. For example, a gate-on
voltage of a scan signal may be applied during two hori-
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zontal periods 2H, and a gate-off voltage of an emission
signal may be applied during four horizontal periods 4H.
Also, for example, each of the initialization period INI, the
first holding period HLD1, the sampling period SAM, and
the second holding period HLD2 may be executed during
one horizontal period 1H. Driving of the pixel circuit will be
described below with reference to the drawings.

[0181] FIG. 15A is a diagram for describing driving of the
subpixel according to the third embodiment of the present
disclosure in the initialization period. FIG. 15B is a wave-
form diagram for describing driving of the subpixel illus-
trated in FIG. 15A.

[0182] In the initialization period INI, the n-1st scan
signal Scan(n-1) may have a gate-on voltage, and the nth
scan signal Scan(n), the n+1st scan signal Scan(n+1), and the
nth emission signal EM(n) may each have a gate-off voltage.
For example, the gate-on voltage may be a logic low voltage
VL and may be -8V, and the gate-off voltage may be a logic
high voltage VH and may be 8V.

[0183] The fifth transistor T5 and the ninth transistor T9
may be turned on by the gate-on voltage applied through the
n-1st scan line. An initialization voltage Vini may be
applied to the fourth node N4 through the turned-on fifth
transistor T5, and thus, the anode of the light emitting device
EL may be initialized to the initialization voltage Vini. In
this case, the initialization voltage Vini may be a voltage
which is equal to or lower than the low-level power voltage
VSS. For example, the initialization voltage Vini may be a
voltage of -4V to -3V, and the data voltage Vdata may be
a voltage which varies within a range of 0.3V to 6.3V, based
on luminance.

[0184] During the initialization period INI, the anode of
the light emitting device EL may be initialized based on the
initialization voltage Vini, and the high-level power voltage
VDD may be applied to one electrode of the capacitor Cst.
[0185] FIG. 16A is a diagram for describing driving of the
subpixel according to the third embodiment of the present
disclosure in the first holding period. FIG. 16B is a wave-
form diagram for describing driving of the subpixel illus-
trated in FIG. 16A.

[0186] In the first holding period HLD1, the n-1st scan
signal Scan(n-1) and the nth scan signal Scan(n) may each
have a gate-on voltage, and the n+1st scan signal Scan(n+1)
and the nth emission signal EM(n) may each have a gate-off
voltage. A period where the n-1st scan signal Scan(n-1) has
the gate-on voltage and a period where the nth scan signal
Scan(n) has the gate-on voltage may overlap each other in
the first holding period HLDI.

[0187] The fifth transistor T5 and the ninth transistor T9
may maintain a turn-on state with the gate-on voltage
applied through the n—-1st scan line, and the second transistor
T2 may be turned on by the gate-on voltage applied through
the nth scan line. The initialization voltage Vini applied to
the anode of the light emitting device EL through the
turned-on fifth transistor T5 may be held, the high-level
power voltage VDD applied to the fifth node N5 through the
turned-on ninth transistor T9 may be held, and the reference
voltage Vref may be applied to the first node N1 through the
turned-on second transistor T2.

[0188] FIG. 17A is a diagram for describing driving of the
subpixel according to the third embodiment of the present
disclosure in the sampling period. FIG. 17B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 17A.
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[0189] In the sampling period SAM, the nth scan signal
Scan(n) and the n+1st scan signal Scan(n+1) may each have
a gate-on voltage, and the n-1st scan signal Scan(n-1) and
the nth emission signal EM(n) may each have a gate-off
voltage.

[0190] The second transistor T2 may maintain a turn-on
state with the gate-on voltage applied through the nth scan
line, and the first transistor T1 may be turned on by the
gate-on voltage applied through the n+1st scan line, whereby
the driving transistor DT may be in the diode connection
state. The reference voltage Vref applied through the turned-
on second transistor T2 may be held by the source of the
driving transistor DT, and the gate and the drain of the
driving transistor DT may be connected to each other by the
turned-on first transistor T1, whereby the driving transistor
DT may be turned on. A voltage of the second node N2
connected to the gate of the driving transistor DT may
increase up to a sum of the reference voltage Vref and a
threshold voltage Vth of the driving transistor DT. Also, the
data voltage Vdata may be applied to the fifth node N5 by
the seventh transistor T7 which is turned on by the gate-on
voltage applied through the n+1st scan line. Therefore, a
voltage corresponding to the sum of the reference voltage
Vref and the threshold voltage Vth of the driving transistor
DT may be applied to the first electrode of the capacitor Cst,
and the data voltage Vdata may be applied to the second
electrode of the capacitor Cst, whereby the capacitor Cst
may be charged with a difference voltage “Vdata—-(Vref+
Vth)” between the voltage applied to the first electrode and
the data voltage applied to the second electrode. In this case,
the reference voltage Vref may be a voltage which is higher
than the low-level power voltage VSS and is lower than the
high-level power voltage VDD. For example, the reference
voltage Vref may be 4V, and the threshold voltage Vth may
be -4V. However, the present embodiment is not limited
thereto.

[0191] During the sampling period SAM, since the nth
scan signal Scan(n) and the n+1st scan signal Scan(n+1)
having the gate-on voltage are applied, one electrode of the
capacitor Cst may be held by applying the data voltage
Vdata to the fifth node N5, and by applying the reference
voltage Vref to the source of the driving transistor DT, the
second node N2 may sample the threshold voltage Vth of the
driving transistor DT and may sense the reference voltage
Vref.

[0192] FIG. 18A is a diagram for describing driving of the
subpixel according to the third embodiment of the present
disclosure in the second holding period. FIG. 18B is a
waveform diagram for describing driving of the subpixel
illustrated in FIG. 18A.

[0193] In the second holding period HLD2, the n+1st scan
signal Scan(n+1) may hold a gate-on voltage, and the n-1st
scan signal Scan(n-1), the nth scan signal Scan(n), and the
nth emission signal EM(n) may each have a gate-off voltage.

[0194] The first transistor T1 and the seventh transistor T7
may maintain a turn-on state with the gate-on voltage
applied through the n+1st scan signal Scan(n+1). In the
second holding period HLD2, the capacitor Cst may be
charged with the data voltage Vdata and may hold the data
voltage Vdata, based on a voltage difference between both
ends thereof.

[0195] FIG. 19A is a diagram for describing driving of the
subpixel according to the third embodiment of the present
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disclosure in the emission period. FIG. 19B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 19A.
[0196] Inthe emission period EMI, the nth emission signal
EM(n) may have a gate-on voltage, and the n-1st scan signal
Scan(n-1), the nth scan signal Scan(n), and the n+1st scan
signal Scan(n+1) may each have a gate-off voltage
[0197] The third transistor T3 and the sixth transistor T6
may be turned on by the gate-on voltage of the nth emission
signal EM(n) applied thereto. The high-level power voltage
VDD may be applied to the first node N1 through the
turned-on third transistor T3, and the high-level power
voltage VDD may be applied to the fifth node N5 through
the turned-on sixth transistor T6. A voltage of the fifth node
N5 connected to the second electrode of the capacitor Cst
may be shifted from the data voltage Vdata to the high-level
power voltage VDD, and due to coupling of the capacitor
Cst, a voltage at the first electrode of the capacitor Cst may
vary by a voltage variation of the fifth node N5. Therefore,
a voltage of the second node N2 connected to the first
electrode of the capacitor Cst may become “Vref+Vth+
(VDD-Vdata)”. In this case, since the high-level power
voltage VDD is applied to the source of the driving transistor
DT, the driving transistor DT may be turned on to apply a
driving current to the anode of the light emitting device EL.
Therefore, the light emitting device EL may emit light. For
example, the high-level power voltage VDD may be 4.6V.
[0198] In the nth subpixel SP according to the third
embodiment of the present disclosure, the high-level power
voltage VDD may be applied to each of the source and the
gate of the driving transistor DT, in order to consider the
voltage drop of the high-level power voltage VDD. There-
fore, a current of the nth subpixel SP which has been
compensated for may be expressed as the following Equa-
tion:

Toled=K{(Vgs—Vthy*=K{(Vref+Vth+(VDD-Vdata))-

VDD-Vth}2=K(Vref-Vdata)®

where Ioled denotes a current flowing through the light
emitting device EL, K denotes a constant, Vgs denotes a
voltage between the gate and the source of the driving
transistor DT, Vth denotes the threshold voltage of the
driving transistor DT, VDD denotes the high-level power
voltage applied through the high level power line VDDL,
Vref denotes the reference voltage applied through the
reference voltage line Vrefl,, and Vdata denotes a data
voltage applied through the data line DL.
[0199] As seen in the Equation, loled may be determined
based on a difference between the reference voltage and the
data voltage. According to the Equation, in the nth subpixel
SP according to the third embodiment of the present disclo-
sure, it can be seen that the voltage drop of the high-level
power voltage is compensated for, based on the high-level
power voltage VDD which is applied to the gate and the
source of the driving transistor DT in the emission period
EMI and the reference voltage Vref which is applied to the
source of the driving transistor DT in the sampling period
SAM.
[0200] Therefore, a driving circuit for compensating for a
sequential shift characteristic based on the voltage drop of
the high-level power voltage may be implemented, and thus,
an image quality issue such as the vertical luminance
non-uniformity or crosstalk of a display device is solved.
[0201] Moreover, the second and third transistors T2 and
T3 of the plurality of transistors configuring the nth subpixel
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SP according to the third embodiment of the present disclo-
sure may be disposed on one side of the non-display area and
may be used in common by q number of subpixels disposed
on an nth pixel line. Also, in a case where the gate driver 130
is disposed on each of the left and the right, the second and
third transistors T2 and T3 may be disposed in each of a left
non-display area and a right non-display area and may be
used in common by g/2 number of subpixels. Therefore, the
number of transistors configuring each subpixel is reduced,
and thus, each subpixel is efliciently designed, thereby
implementing a high-resolution display device. In this case,
the other transistors (which are driving transistor DT, first
transistor T1, the fifth transistor T5, sixth transistor T6,
seventh transistor T7, the ninth transistor T9) except for the
second and third transistors T2 and T3 among the plurality
of transistors, the light emitting device EL and the capacitor
Cst configuring the nth subpixel SP may be necessary for an
individual operation of each subpixel SP are disposed in the
display area, and thus, cannot be used in common by the nth
pixel line. Accordingly, since the second and third transistors
T2 and T3 are disposed in the non-display area, the high-
resolution display device may be implemented.

[0202] FIG. 20 is a circuit diagram of a subpixel according
to a fourth embodiment of the present disclosure. FIG. 20 is
a modification example where two transistors are added to
the pixel circuit of FIG. 3, and thus, overlapping descriptions
are omitted or will be briefly described.

[0203] An nth subpixel SP according to a fourth embodi-
ment of the present disclosure may include first to ninth
transistors T1 to T9, a driving transistor DT, a capacitor Cst,
and a light emitting device EL. In the third embodiment of
the present disclosure, the nth subpixel SP may be imple-
mented based on a total of ten transistors and one capacitor.
[0204] The driving transistor DT may include a source
connected to a first node N1, a gate connected to a second
node N2, and a drain connected to a third node N3. When a
gate-on voltage is applied to the second node N2, the driving
transistor DT may be turned on to provide a constant current
to the third node N3.

[0205] The first transistor T1 may include a gate con-
nected to an nth scan line, a source connected to the second
node N2, and a drain connected to the third node N3. The
first transistor T1 may be turned on in response to a gate-on
voltage of an nth scan signal Scan(n) applied through the nth
scan line. When the first transistor T1 is turned on, the gate
and the drain of the driving transistor DT may be electrically
connected to each other, and thus, the driving transistor DT
may be in a diode connection state.

[0206] The second transistor T2 may include a gate con-
nected to the nth scan line, a source connected to a reference
voltage line, and a drain connected to the first node N1. The
second transistor T2 may be turned on in response to a
gate-on voltage of an nth scan signal Scan(n) applied
through the nth scan line. When the second transistor T2 is
turned on, a reference voltage Vref may be applied to the
first node N1.

[0207] The third transistor T3 may include a gate con-
nected to an nth emission line, a source connected to a high
level power line, and a drain connected to the first node N1.
The third transistor T3 may be turned on in response to a
gate-on voltage of an nth emission signal EM(n) applied
through the nth emission line. When the third transistor T3
is turned on, a high-level power voltage VDD may be
applied to the first node N1.
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[0208] The fourth transistor T4 may include a gate con-
nected to an nth emission line, a source connected to the
third node N3, and a drain connected to a fourth node N4.
In this case, the fourth node N4 may be connected to an
anode of the light emitting device EL. The fourth transistor
T4 may be turned on in response to a gate-on voltage of the
nth emission signal EM(n) applied through the nth emission
line. When the fourth transistor T4 is turned on, a current
may flow between the third node N3 and the fourth node N4.
[0209] The fifth transistor T5 may include a gate con-
nected to the nth scan line, a source connected to the fourth
node N4, and a drain connected to an initialization line. The
fifth transistor T5 may be turned on in response to the
gate-on voltage of the nth scan signal Scan(n) applied
through the nth scan line. When the fifth transistor T5 is
turned on, an initialization voltage Vini may be applied to
the fourth node N4, and thus, the anode of the light emitting
device EL may be initialized.

[0210] The sixth transistor T6é may include a gate con-
nected to the nth emission line, a source connected to the
high level power line, and a drain connected to a fifth node
N5. The sixth transistor T6é may be turned on in response to
the gate-on voltage of the nth emission signal EM(n) applied
through the nth emission line.

[0211] The ninth transistor T9 may include a gate con-
nected to the n-1st scan line, a source connected to the high
level power line, and a drain connected to the fifth node NS5.
The ninth transistor T9 may be turned on in response to the
gate-on voltage of the n-1st scan signal Scan(n-1) applied
through the n-1st scan line. When the ninth transistor T9 is
turned on, a high-level power voltage VDD may be applied
to the fifth node N5.

[0212] The capacitor Cst may include a first electrode
connected to the second node N2 and a second electrode
connected to the fifth node N5.

[0213] The seventh transistor T7 may include a gate
connected to the nth scan line, a source connected to a data
line, and a drain connected to the fifth node N5. The seventh
transistor T7 may be turned on in response to the gate-on
voltage of the nth scan signal Scan(n) applied through the
nth scan line. When the seventh transistor T7 is turned on,
a data voltage Vdata may be applied to the fifth node N5.
[0214] The eighth transistor T8 may include a gate con-
nected to an n-1st scan line, a source connected to the
second node N2, and a drain connected to an initialization
line. The eighth transistor T8 may be turned on in response
to the gate-on voltage of an n-1st scan signal Scan(n-1)
applied through the n-1st scan line. When the eighth tran-
sistor T8 1s turned on, an initialization voltage Vini may be
applied to the second node N2.

[0215] The light emitting device EL. may include the
anode connected to the fourth node N4 and a cathode to
which a low-level power voltage VSS is applied. When the
fourth transistor T4 is turned on, a driving current generated
through the driving transistor DT may be applied to the
anode of the light emitting device EL, and thus, the light
emitting device ELL may emit light. For example, the low-
level power voltage VSS may be a voltage of -4V to -2.5V,
but is not limited thereto.

[0216] Moreover, a voltage applied to the gate of the
driving transistor DT may control a turn-on state of the
driving transistor DT, and thus, a transistor including a
source or a drain connected to the gate of the driving
transistor DT may include two or more transistors serially
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connected to each other, for maximally suppressing an
influence of a leakage current. In this case, the two or more
transistors may be controlled by the same control signal.
Accordingly, in the nth subpixel SP according to the fourth
embodiment of the present disclosure, the first transistor T1
and the eighth transistor T8 may each be implemented as a
double-gate type transistor.

[0217] The nth subpixel SP according to the fourth
embodiment of the present disclosure may operate in the
order of an initialization period, a sampling period, a holding
period, and an emission period. The initialization period
may be a period where the gate of the driving transistor DT
is initialized, the sampling period may be a period where a
threshold voltage of the driving transistor DT is sampled and
a data voltage Vdata is applied through a data line, and the
holding period may be a period where undesired emission of
light caused by a delay of the scan signal is prevented. Also,
the emission period may be a period where the light emitting
device EL emits light with a driving current generated based
on the data voltage Vdata.

[0218] The nth subpixel SP according to the fourth
embodiment of the present disclosure may have an initial-
ization period INI and a sampling period SAM during a
period where a gate-off voltage of the nth emission signal
EM(n) is applied, and thus, compensation based on an
internal circuit may be performed. An operation character-
istic during the periods will be described below. For
example, a gate-on voltage of the scan signal may be applied
during one horizontal periods 1H, and a gate-off voltage of
an emission signal may be applied during three horizontal
periods 3H. Also, for example, each of the initialization
period INI, the sampling period SAM, and the holding
period HLD may be executed during one horizontal period
1H. Driving of the pixel circuit will be described below with
reference to the drawings.

[0219] FIG. 21A is a diagram for describing driving of the
subpixel according to the fourth embodiment of the present
disclosure in the initialization period. FIG. 21B is a wave-
form diagram for describing driving of the subpixel illus-
trated in FIG. 21A.

[0220] In the initialization period INI, the n-lst scan
signal Scan(n-1) may have a gate-on voltage, and the nth
scan signal Scan(n) and the nth emission signal EM(n) may
each have a gate-off voltage. For example, the gate-on
voltage may be a logic low voltage VL and may be -8V, and
the gate-off voltage may be a logic high voltage VH and may
be 8V. However, the present embodiment is not limited
thereto.

[0221] The ninth transistor T9 and the eighth transistor T8
may be turned on by the gate-on voltage applied through the
n-1st scan line. The high-level power voltage VDD may be
applied to the fifth node N5 through the turned-on ninth
transistor T9, and an initialization voltage Vini may be
applied to the second node N2 through the turned-on eighth
transistor T8, whereby the gate of the driving transistor DT
may be initialized to the initialization voltage Vini. In this
case, the initialization voltage Vini may be a voltage which
is equal to or lower than the low-level power voltage VSS.
For example, the initialization voltage Vini may be a voltage
of -4V to -3V, and the data voltage Vdata may be a voltage
which varies within a range of 0.3V to 6.3V, based on
luminance.
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[0222] During the initialization period INT, the gate of the
driving transistor DT may be initialized based on the ini-
tialization voltage Vini.

[0223] FIG. 22A is a diagram for describing driving of the
subpixel according to the fourth embodiment of the present
disclosure in the sampling period. FIG. 22B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 22A.

[0224] 1In the sampling period SAM, the nth scan signal
Scan(n) may have a gate-on voltage, and the n-1st scan
signal Scan(n-1) and the nth emission signal EM(n) may
each have a gate-off voltage.

[0225] The first transistor T1, the second transistor T2, the
fifth transistor T5, and the seventh transistor T7 may be
turned on by the gate-on voltage applied through the nth
scan line. The reference voltage Vref may be applied to the
source of the driving transistor DT through the turned-on
second transistor T2, and the gate and the drain of the
driving transistor DT may be connected to each other by the
turned-on first transistor T1, whereby the driving transistor
DT may be turned on and may be in the diode connection
state. A voltage of the second node N2 connected to the gate
of the driving transistor DT may increase up to a sum of the
reference voltage Vref and a threshold voltage Vth of the
driving transistor DT. Also, the data voltage Vdata may be
applied to the fifth node N5 through the turned-on seventh
transistor T7. Therefore, a voltage corresponding to the sum
of the reference voltage Vref and the threshold voltage Vth
of the driving transistor DT may be applied to the first
electrode of the capacitor Cst, and the data voltage Vdata
may be applied to the second electrode of the capacitor Cst,
whereby the capacitor Cst may be charged with a difference
voltage “Vdata-(Vref+Vth)” between the voltage applied to
the first electrode and the data voltage applied to the second
electrode. Also, the fifth transistor T5 may be turned on to
initialize the anode of the light emitting device EL to the
initialization voltage Vini. For example, the reference volt-
age Vref may be 4V, and the threshold voltage Vth may be
-4V. However, the present embodiment is not limited
thereto.

[0226] During the sampling period SAM, since the nth
scan signal Scan(n) having the gate-on voltage is applied,
one electrode of the capacitor Cst may be held by applying
the data voltage Vdata to the fifth node N5, and by applying
the reference voltage Vref to the source of the driving
transistor DT, the second node N2 may sample the threshold
voltage Vth of the driving transistor DT and may sense the
reference voltage Vref.

[0227] FIG. 23A is a diagram for describing driving of the
subpixel according to the fourth embodiment of the present
disclosure in the holding period. FIG. 23B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 23A.

[0228] In the holding period HLD, the n-1st scan signal
Scan(n-1), the nth scan signal Scan(n), and the nth emission
signal EM(n) may each have a gate-on voltage, and thus, the
first to ninth transistors T1 to T9 may be turned off

[0229] In the holding period HLD, the nth scan signal
Scan(n) may be shifted from the gate-on voltage to the
gate-off voltage, and thus, a voltage at the gate of the driving
transistor DT may slightly vary due to a parasitic capacitor
of the first transistor T1. In this case, the driving transistor
DT may be in a turn-off state.
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[0230] For example, if the nth emission signal EM(n) is
shifted to the gate-on voltage at a time when the nth scan
signal Scan(n) is shified from the gate-on voltage to the
gate-off voltage, a sampling error occurs. The reason is
because, as illustrated in the drawing, the nth scan signal
Scan(n) is not ideally shifted from a logic low voltage to a
logic high voltage, and a time when the logic low voltage is
shifted to the logic high voltage is delayed due to RC delay.
In this case, if the nth emission signal EM(n) is shifted to the
gate-on voltage, undesired emission of light occurs. Accord-
ingly, the subpixel according to the fourth embodiment of
the present disclosure may include the holding period HLD,
thereby preventing undesired emission of light caused by a
delay of a scan signal.
[0231] FIG. 24A is a diagram for describing driving of the
subpixel according to the fourth embodiment of the present
disclosure in the emission period. FIG. 24B is a waveform
diagram for describing driving of the subpixel illustrated in
FIG. 24A.
[0232] Inthe emission period EMI, the nth emission signal
EM(n) may have a gate-on voltage.
[0233] The third transistor T3, the sixth transistor T6, and
the fourth transistor T4 may be turned on by the gate-on
voltage of the nth emission signal EM(n) applied thereto.
Therefore, the high-level power voltage VDD may be
applied to the second electrode of the capacitor Cst, and
thus, due to coupling of the capacitor Cst, a voltage of the
second node N2 may become ‘“Vref+Vth+(Vdd-Vdata)”.
Also, the high-level power voltage VDD may be applied to
the source of the driving transistor DT, and thus, the driving
transistor DT may be turned on. Also, the fourth transistor
T4 may be turned on, and thus, may allow a current to flow
between the third node N3 and the fourth node N4. Accord-
ingly, a driving current generated in the turned-on driving
transistor DT may be applied to the anode of the light
emitting device EL through the fourth transistor T4 to allow
the light emitting device EL to emit light. The fourth
transistor TS may maintain a tumn-off state in a period other
than the emission period EMI, thereby preventing undesired
emission of light.
[0234] A current of the nth subpixel SP according to the
fourth embodiment of the present disclosure may be
expressed as the following Equation:

Toled=K(Vgs—Vth?=K{ (Vref+Vth+(VDD-Vdata))-

VDD-Vth}?=K(Vref-Vdata)’

where Ioled denotes a current flowing through the light
emitting device EL, K denotes a constant, Vgs denotes a
voltage between the gate and the source of the driving
transistor DT, Vth denotes the threshold voltage of the
driving transistor DT, VDD denotes the high-level power
voltage applied through the high level power line VDDL,
Vref denotes the reference voltage applied through the
reference voltage line Vrefl, and Vdata denotes a data
voltage applied through the data line DL. For example, the
high-level power voltage VDD may be 4.6V.

[0235] As seen in the Equation, loled may be determined
based on a difference between the reference voltage and the
data voltage. According to the Equation, in the nth subpixel
SP according to the fourth embodiment of the present
disclosure, it can be seen that the voltage drop of the
high-level power voltage is compensated for, based on the
reference voltage Vref which is applied to the source of the
driving transistor DT in the sampling period SAM and the
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high-level power voltage VDD which is applied to the gate
and the source of the driving transistor DT in the emission
period EMI.

[0236] Therefore, a driving circuit for compensating for a
sequential shift characteristic based on the voltage drop of
the high-level power voltage may be implemented, and thus,
an image quality issue such as the vertical luminance
non-uniformity or crosstalk of a display device is solved.
[0237] Moreover, since the nth subpixel SP according to
the fourth embodiment of the present disclosure includes the
eighth transistor T8, the gate of the driving transistor DT
may be initialized, thereby preventing an increase in lumi-
nance of a black screen of the display panel.

[0238] Moreover, the second and third transistors T2 and
T3 of the plurality of transistors configuring the nth subpixel
SP according to the fourth embodiment of the present
disclosure may be disposed on one side of the non-display
area and may be used in common by q number of subpixels
disposed on an nth pixel line. Also, in a case where the gate
driver 130 is disposed on each of the left and the right, the
second and third transistors T2 and T3 may be disposed in
each of a left non-display area and a right non-display area
and may be used in common by ¢/2 number of subpixels.
Therefore, the number of transistors configuring each sub-
pixel is reduced, and thus, each subpixel is efliciently
designed, thereby implementing a high-resolution display
device. In this case, the other transistors (which are driving
transistor DT, first transistor T1, fourth transistor T4, fifth
transistor T5, sixth transistor T6, seventh transistor T7, the
eight transistor T8, the ninth transistor T9) except for the
second and third transistors T2 and T3 among the plurality
of transistors, the light emitting device EL and the capacitor
Cst configuring the nth subpixel SP may be necessary for an
individual operation of each subpixel, and thus, cannot be
used in common by the nth pixel line. Accordingly, since the
second and third transistors T2 and T3 are disposed in the
non-display area, the high-resolution display device may be
implemented.

[0239] The electroluminescent display device according to
embodiments of the present disclosure will be described as
follows.

[0240] In an electroluminescent display device according
to an embodiment of the present disclosure, the electrolu-
minescent display device includes a display panel including
a plurality of pixel lines each including a plurality of pixel
circuits. Also, each of the plurality of pixel circuits included
in an nth (where n is a natural number) pixel line of the
plurality of pixel lines includes a driving transistor con-
nected between a first node and a third node and including
a gate connected to a second node, a first transistor allowing
a current to flow between the second node and the third node
in response to an n-lIst scan signal, a second transistor
applying a reference voltage to the first node in response to
an nth scan signal, a third transistor applying a high-level
power voltage to the first node in response to an nth emission
signal, a fourth transistor allowing a current to flow between
the third node and a fourth node in response to an n+1st
emission signal, a fifth transistor applying an initialization
voltage to the fourth node in response to the n-1st scan
signal, a sixth transistor applying the high-level power
voltage to a fifth node in response to the nth emission signal,
a seventh transistor applying a data voltage to the fifth node
in response to the n-1st scan signal, a capacitor connected
between the second node and the fifth node, and a light
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emitting device including an node connected to the fourth
node and a cathode connected to a line to which a low-level
power voltage is applied. The display panel may include a
display area and a non-display area. The display panel may
include a display area and a non-display area. Accordingly,
a subpixel supplied with the reference voltage may provide
the light emitting device with a driving current unaffected by
the high-level power voltage, thereby solving an image
quality issue of the electroluminescent display device.
[0241] According to another feature of the present disclo-
sure, the reference voltage may be a voltage which is higher
than the low-level power voltage and is lower than the
high-level power voltage, the initialization voltage may be a
voltage which is equal to or lower than the low-level power
voltage, and a period where the n-1st scan signal has a
gate-on voltage and a period where the nth scan signal has
the gate-on voltage may overlap each other.

[0242] According to another feature of the present disclo-
sure, the n—1st scan signal and the nth scan signal may be
activated to the gate-on voltage during two horizontal peri-
ods, and the nth emission signal and the n+1st emission
signal may be deactivated to a gate-off voltage during three
horizontal periods.

[0243] According to another feature of the present disclo-
sure, one frame for driving each of the plurality of pixel
circuits may include an initialization period where a gate-on
voltage of the n—1st scan signal is input to an n-1st pixel line
and the gate-on voltage of the n+1st emission signal is held
by an n+1st pixel line, a sampling period where the gate-on
voltage of the n-1st scan signal is held by the n-1st pixel
line and the gate-on voltage of the nth scan signal is input to
an nth pixel line, a holding period where the gate-on voltage
of the nth scan signal is held by the nth pixel line, a
programming period where the gate-on voltage of the nth
emission signal is input to the nth pixel line, and an emission
period where the light emitting device emits light. Also, in
the initialization period, the first transistor, the fourth tran-
sistor, the fifth transistor, and the seventh transistor may be
turned on, and in the sampling period, the first transistor, the
second transistor, the fifth transistor, and the seventh tran-
sistor may be turned on. Also, in the holding period, the
second transistor may be turned on, and in the programming
period, the third transistor and the sixth transistor may be
turned on. Also, in the emission period, the third transistor,
the fourth transistor, and the sixth transistor may be turned
on.

[0244] According to another feature of the present disclo-
sure, the first transistor may be a double-gate type transistor.
[0245] In an electroluminescent display device according
to an embodiment of the present disclosure, the electrolu-
minescent display device includes a display panel including
a plurality of pixel lines each including a plurality of pixel
circuits. Also, each of the plurality of pixel circuits included
in an nth pixel line of the plurality of pixel lines includes a
driving transistor connected between a first node and a third
node and including a gate connected to a second node, a first
transistor allowing a current to flow between the second
node and the third node in response to an nth scan signal, a
second transistor applying a reference voltage to the first
node in response to the nth scan signal, a third transistor
applying a high-level power voltage to the first node in
response to an nth emission signal, a fourth transistor
allowing a current to flow between the third node and a
fourth node in response to the nth emission signal, a fifth
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transistor applying an initialization voltage to the fourth
node in response to the nth scan signal, a sixth transistor
applying the high-level power voltage to a fifth node in
response to the nth emission signal, a seventh transistor
applying a data voltage to the fifth node in response to the
nth scan signal, an eighth transistor supplying an initializa-
tion voltage to the second node in response to an n-1st scan
signal, a capacitor connected between the second node and
the fifth node, and a light emitting device including an node
connected to the fourth node and a cathode connected to a
line to which a low-level power voltage is applied. The
display panel may include a display area and a non-display
area. Accordingly, a subpixel supplied with the reference
voltage may provide the light emitting device with a driving
current unaffected by the high-level power voltage, thereby
solving an image quality issue of the electroluminescent
display device.

[0246] According to another feature of the present disclo-
sure, one frame for driving each of the plurality of pixel
circuits may include an initialization period where a gate-on
voltage of the n-1st scan signal is input to an n-1st pixel
line, a sampling period where the gate-on voltage of the nth
scan signal is input to an nth pixel line, a holding period
where a gate-off voltage of each of the n—1st scan signal and
the nth scan signal is input to the nth pixel line, and an
emission period where the gate-on voltage of the nth emis-
sion signal is input to the nth pixel line. Also, in the
initialization period, the eighth transistor may be turned on,
and in the sampling period, the first transistor, the second
transistor, the fifth transistor, and the seventh transistor may
be turned on. Also, in the holding period, the first to eighth
transistors may be turned off, and in the emission period, the
third transistor, the fourth transistor, and the sixth transistor
may be turned on.

[0247] According to another feature of the present disclo-
sure, in the initialization period, the sampling period, and the
holding period, the nth emission signal may have the gate-
off voltage.

[0248] According to another feature of the present disclo-
sure, the n-1st scan signal and the nth scan signal may be
activated to the gate-on voltage during one horizontal
period, and the nth emission signal may be deactivated to the
gate-off voltage during three horizontal periods.

[0249] According to another feature of the present disclo-
sure, each of the first transistor and the eighth transistor may
be a double-gate type transistor.

[0250] In an electroluminescent display device according
to an embodiment of the present disclosure, the electrolu-
minescent display device includes a display panel including
a plurality of pixel lines each including a plurality of pixel
circuits. Also, each of the plurality of pixel circuits included
in an nth pixel line of the plurality of pixel lines includes a
driving transistor connected between a first node and a third
node and including a gate connected to a second node, a first
transistor allowing a current to flow between the second
node and the third node in response to an n+1st scan signal,
a second transistor applying a reference voltage to the first
node in response to an nth scan signal, a third transistor
applying a high-level power voltage to the first node in
response to an nth emission signal, a fifth transistor applying
an initialization voltage to the fourth node in response to an
n-1st scan signal, a sixth transistor applying the high-level
power voltage to a fifth node in response to the nth emission
signal, a ninth transistor applying the high-level power
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voltage to the fifth node in response to the n-1st scan signal,
a seventh transistor applying a data voltage to the fifth node
in response to the n+1st scan signal, a capacitor connected
between the second node and the fifth node, and a light
emitting device including an node connected to the fourth
node and a cathode connected to a line to which a low-level
power voltage is applied. The display panel may include a
display area and a non-display area. Accordingly, a subpixel
supplied with the reference voltage may provide the light
emitting device with a driving current unaffected by the
high-level power voltage, thereby solving an image quality
issue of the electroluminescent display device.

[0251] According to another feature of the present disclo-
sure, the reference voltage may be a voltage which is higher
than the low-level power voltage and is lower than the
high-level power voltage, the initialization voltage may be a
voltage which is equal to or lower than the low-level power
voltage, and a period where the n-1st scan signal has a
gate-on voltage and a period where the nth scan signal has
the gate-on voltage may overlap each other.

[0252] According to another feature of the present disclo-
sure, the n—1st scan signal and the nth scan signal may be
activated to the gate-on voltage during two horizontal peri-
ods, and the nth emission signal may be deactivated to a
gate-off voltage during four horizontal periods.

[0253] According to another feature of the present disclo-
sure, one frame for driving each of the plurality of pixel
circuits may include an initialization period where a gate-on
voltage of the n-1st scan signal is input to an n-1st pixel
line, a first holding period where the gate-on voltage of the
n-1st scan signal is held by the n-1st pixel line and the
gate-on voltage of the nth scan signal is input to an nth pixel
line, a sampling period where the gate-on voltage of the nth
scan signal is held by the nth pixel line and the gate-on
voltage of the n+1st scan signal is input to an n+1st pixel
line, a second holding period where the gate-on voltage of
the n+1st scan signal is held by the n+1st pixel line, and an
emission period where the light emitting device emits light.
Also, in the initialization period, the fifth transistor and the
ninth transistor may be turned on, and in the first holding
period, the second transistor, the fifth transistor, and the
ninth transistor may be turned on. Also, in the sampling
period, the first transistor, the second transistor, and the
seventh transistor may be turned on, and in the second
holding period, the first transistor and the seventh may be
turned on. Also, in the emission period, the third transistor
and the sixth transistor may be turned on.

[0254] According to another feature of the present disclo-
sure, the first transistor may be a double-gate type transistor.
[0255] In an electroluminescent display device according
to an embodiment of the present disclosure, the electrolu-
minescent display device includes a display panel including
a plurality of pixel lines each including a plurality of pixel
circuits. Also, each of the plurality of pixel circuits included
in an nth pixel line of the plurality of pixel lines includes a
driving transistor connected between a first node and a third
node and including a gate connected to a second node, a first
transistor allowing a current to flow between the second
node and the third node in response to an nth scan signal, a
second transistor applying a reference voltage to the first
node in response to the nth scan signal, a third transistor
applying a high-level power voltage to the first node in
response to an nth emission signal, a fifth transistor applying
an initialization voltage to a fourth node in response to the



US 2019/0164491 Al

nth scan signal, a sixth transistor applying the high-level
power voltage to a fifth node in response to the nth emission
signal, a ninth transistor applying the high-level power
voltage to a fifth node in response to an n-1st scan signal,
a seventh transistor applying a data voltage to the fifth node
in response to the nth scan signal, an eighth transistor
supplying an initialization voltage to the second node in
response to the n—1st scan signal, a fourth transistor allow-
ing a current to flow between the third node and a fourth
node in response to the nth emission signal, a capacitor
connected between the second node and the fifth node, and
a light emitting device including an node connected to the
fourth node and a cathode connected to a line to which a
low-level power voltage is applied. The display panel may
include a display area and a non-display area. Accordingly,
a subpixel supplied with the reference voltage may provide
the light emitting device with a driving current unaffected by
the high-level power voltage, thereby solving an image
quality issue of the electroluminescent display device.

[0256] According to another feature of the present disclo-
sure, one frame for driving each of the plurality of pixel
circuits may include an initialization period where a gate-on
voltage of the n-1st scan signal is input to an n-1st pixel
line, a sampling period where the gate-on voltage of the nth
scan signal is input to an nth pixel line, a holding period
where a gate-off voltage of each of the n—1st scan signal and
the nth scan signal is input to the nth pixel line, and an
emission period where the gate-on voltage of the nth emis-
sion signal is input to the nth pixel line. Also, in the
initialization period, the ninth transistor and the eighth
transistor may be turned on, and in the sampling period, the
first transistor, the second transistor, the fifth transistor, and
the seventh transistor may be turned on. Also, in the holding
period, the first to ninth transistors may be turned off, and in
the emission period, the third transistor, the sixth transistor,
and the fourth transistor may be turned on.

[0257] According to another feature of the present disclo-
sure, in the initialization period, the sampling period, and the
holding period, the nth emission signal may have the gate-
off voltage.

[0258] According to another feature of the present disclo-
sure, the n-1st scan signal and the nth scan signal may be
activated to the gate-on voltage during one horizontal
period, and the nth emission signal may be deactivated to the
gate-off voltage during three horizontal periods.

[0259] According to another feature of the present disclo-
sure, each of the first transistor and the eighth transistor may
be a double-gate type transistor.

[0260] According to another feature of the present disclo-
sure, the second transistor and the third transistor may be in
the non-display area.

[0261] According to another feature of the present disclo-
sure, the second transistor and the third transistor may be
used in common by each the plurality of pixel lines.

[0262] According to another feature of the present disclo-
sure, the initialization voltage may be equal to or lower than
the low-level power voltage, and the reference voltage may
be higher than the low-level power voltage and lower than
the high-level power voltage.

[0263] As described above, according to the embodiments
of the present disclosure, a pixel circuit for compensating for
a sequential shift characteristic based on the voltage drop of
a source voltage may be implemented, thereby solving an
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image quality issue such as the vertical luminance non-
uniformity or cross-talk of a display panel.

[0264] Moreover, according to the embodiments of the
present disclosure, some of a plurality of transistors for
driving each pixel circuit may be disposed in a non-display
area and may be used in common by pixel circuits connected
to the same pixel line, and thus, an efficiency of designing
pixel circuits is enhanced, thereby realizing a high-resolu-
tion display device.

[0265] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
electroluminescent display device of the present disclosure
without departing from the technical idea or scope of the
disclosure. Thus, it is intended that the present disclosure
cover the modifications and variations of this disclosure
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. An electroluminescent display device comprising:

a display panel including a display area and a non-display
area,

wherein the display panel including a plurality of pixel
lines each including a plurality of pixel circuits,

wherein each of the plurality of pixel circuits included in
an nth (where n is a natural number) pixel line of the
plurality of pixel lines comprises:

a driving transistor connected between a first node and a
third node, the driving transistor including a gate con-
nected to a second node;

a first transistor allowing a current to flow between the
second node and the third node in response to an nth
scan signal;

a second transistor applying a reference voltage to the first
node in response to the nth scan signal;

a third transistor applying a high-level power voltage to
the first node in response to an nth emission signal;

a fourth transistor allowing a current to flow between the
third node and a fourth node in response to the nth
emission signal;

a fifth transistor applying an initialization voltage to the
fourth node in response to the nth scan signal;

a sixth transistor applying the high-level power voltage to
a fifth node in response to the nth emission signal;

a seventh transistor applying a data voltage to the fifth
node in response to the nth scan signal;

an eighth transistor supplying an initialization voltage to
the second node in response to an n-1st scan signal;

a capacitor connected between the second node and the
fifth node; and

a light emitting device including an node connected to the
fourth node and a cathode connected to a line to which
a low-level power voltage is applied.

2. The electroluminescent display device of claim 1,

wherein

one frame for driving each of the plurality of pixel circuits
comprises an initialization period where a gate-on
voltage of the n-1st scan signal is input to an n-1st
pixel line, a sampling period where the gate-on voltage
of the nth scan signal is input to an nth pixel line, a
holding period where a gate-off voltage of each of the
n-1st scan signal and the nth scan signal is input to the
nth pixel line, and an emission period where the gate-on
voltage of the nth emission signal is input to the nth
pixel line,
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in the initialization period, the eighth transistor is turned

on,

in the sampling period, the first transistor, the second

transistor, the fifth transistor, and the seventh transistor
are turned on,

in the holding period, the first to eighth transistors are

turned off, and

in the emission period, the third transistor, the fourth

transistor, and the sixth transistor are turned on.

3. The electroluminescent display device of claim 2,
wherein in the initialization period, the sampling period, and
the holding period, the nth emission signal has the gate-off
voltage.

4. The electroluminescent display device of claim 3,
wherein the n-1st scan signal and the nth scan signal are
activated to the gate-on voltage during one horizontal
period, and the nth emission signal is deactivated to the
gate-off voltage during three horizontal periods.

5. The electroluminescent display device of claim 1,
wherein each of the first transistor and the eighth transistor
is a double-gate type transistor.

6. The electroluminescent display device of claim 1, the
display panel further comprises

a ninth transistor applying the high-level power voltage to

a fifth node in response to an n-1st scan signal.

7. The electroluminescent display device of claim 6,
wherein

one frame for driving each of the plurality of pixel circuits

comprises an initialization period where a gate-on
voltage of the n-1st scan signal is input to an n-1st
pixel line, a sampling period where the gate-on voltage
of the nth scan signal is input to an nth pixel line, a
holding period where a gate-off voltage of each of the
n-1st scan signal and the nth scan signal is input to the
nth pixel line, and an emission period where the gate-on
voltage of the nth emission signal is input to the nth
pixel line,
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in the initialization period, the ninth transistor and the

eighth transistor are turned on,

in the sampling period, the first transistor, the second

transistor, the fifth transistor, and the seventh transistor
are turned on,

in the holding period, the first to ninth transistors are

turned off, and

in the emission period, the third transistor, the sixth

transistor, and the fourth transistor are turned on.

8. The electroluminescent display device of claim 7,
wherein in the initialization period, the sampling period, and
the holding period, the nth emission signal has the gate-off
voltage.

9. The electroluminescent display device of claim 8,
wherein the n-1st scan signal and the nth scan signal are
activated to the gate-on voltage during one horizontal
period, and the nth emission signal is deactivated to the
gate-off voltage during three horizontal periods.

10. The electroluminescent display device of claim 1,
wherein the second transistor (T2) and the third transistor
(T3) is in the non-display area.

11. The electroluminescent display device of claim 10,
wherein the second transistor (T2) and the third transistor
(T3) are used in common by each the plurality of pixel lines.

12. The electroluminescent display device of claim 1,
wherein the initialization voltage is equal to or lower than
the low-level power voltage.

13. The electroluminescent display device of claim 1,
wherein the reference voltage is higher than the low-level
power voltage and lower than the high-level power voltage.

14. The electroluminescent display device of claim 1,
wherein the driving transistor, the first transistor, the fourth
transistor, the fifth transistor, the sixth transistor, the seventh
transistor, the eight transistor, the light emitting device and
the capacitor are in the display area.

15. The electroluminescent display device of claim 6,
wherein the ninth transistor are in the display area.
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