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DISPLAY PANEL AND
ELECTROLUMINESCENT DISPLAY USING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2017-0083271 filed on Jun. 30,
2017, the entire contents of which is incorporated herein by
reference for all purposes as if fully set forth herein.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a display panel, in
which a demultiplexer is disposed between a data driving
circuit and data lines, and an electroluminescent display
using the same.

Description of the Background

[0003] Examples of flat panel displays include a liquid
crystal display (LCD), an electroluminescent display, a field
emission display (FED), and a plasma display panel (PDP).
[0004] An electroluminescent display can be classified
into an inorganic electroluminescent display and an organic
electroluminescent display depending on the material of an
emission layer. An active matrix organic light emitting diode
(OLED) display includes a plurality of OLEDs capable of
emitting light by themselves and has many advantages of
fast response time, high emission efficiency, high luminance,
wide viewing angle, and the like.

[0005] A driving circuit of a flat panel display includes a
data driving circuit for supplying data signals to data lines,
a gate driving circuit for supplying gate signals (or referred
to as “scan signals”) to gate lines (or referred to as “scan
lines™), and the like. The gate driving circuit may be directly
formed on the same substrate together with a thin film
transistor (TFT) array of an active area constituting the
screen.

[0006] Each pixel of an OLED display includes a driving
element for controlling a current flowing in a light emitting
element (i.e., an OLED). The driving element may be
implemented as a transistor. The driving elements of all the
pixels have to have the same electrical characteristics
including a threshold voltage, mobility, etc. However, there
is a variation in electrical characteristics between the driving
elements due to process conditions, a driving environment,
and the like. As a driving time of the driving element
increases, a stress applied to the driving element increases.
Further, the stress of the driving element varies depending
on data of an input image. The electrical characteristics of
the driving element can be influenced by such stress. Thus,
as driving time passes, electrical characteristics of the driv-
ing elements inevitably vary.

[0007] To improve image quality and lifespan of OLED
displays, a compensation circuit for compensating for driv-
ing characteristics of pixels in real time has been applied to
a pixel circuit. Further, a method for distributing an output
of a data driving circuit to data lines using a demultiplexer
and reducing the number of output terminals of the data
driving circuit has been attempted in the OLED displays.
However, the method has not been adopted on the present
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products because a threshold voltage of driving elements of
some pixels is not sensed and there is a luminance difference
among the pixels.

SUMMARY

[0008] Accordingly, the present disclosure is directed to a
display panel and an electroluminescent display using the
same that substantially obviate one or more of problems due
to limitations and disadvantages of the prior art.

[0009] More specifically, the present disclosure provides a
display panel and an electroluminescent display using the
same capable of compensating for a threshold voltage of a
driving element in all of pixels and achieving a uniform
luminance of the pixels in the electroluminescent display
connecting output terminals of a data driving circuit to data
lines through a demultiplexer.

[0010] Additional features and advantages of the disclo-
sure will be set forth in the description which follows and in
part will be apparent from the description, or may be learned
by practice of the invention. Other advantages of the present
disclosure will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0011] In one aspect, there is provided a display panel
connected to a data driver sequentially outputting a first data
signal and a second data signal through an output terminal,
the display panel comprising a first data line charged with
the first data signal, a second data line charged with the
second data signal, a first subpixel connected to the first data
line, a second subpixel connected to the second data line, a
gate line commonly connected to the first and second
subpixels and configured to simultaneously supply a gate
signal to the first and second subpixels, a demultiplexer
configured to connect the output terminal of the data driver
to the first data line using a plurality of MUX switch
elements and then connect the output terminal to the second
data line using the plurality of MUX switch elements, and a
switch array configured to supply a predetermined reference
voltage to the second data line when the output terminal of
the data driver is connected to the first data line by the
demultiplexer using a plurality of REF switch elements.

[0012] In another one aspect, there is provided an elec-
troluminescent display comprising a data driver configured
to sequentially output a first data signal and a second data
signal through an output terminal, a first data line charged
with the first data signal, a second data line charged with the
second data signal, a first subpixel connected to the first data
line, a second subpixel connected to the second data line, a
gate line commonly connected to the first and second
subpixels and configured to simultaneously supply a gate
signal to the first and second subpixels, a demultiplexer
configured to connect the output terminal of the data driver
to the first data line using a plurality of MUX switch
elements and then connect the output terminal to the second
data line using the plurality of MUX switch elements, and a
switch array configured to supply a predetermined reference
voltage to the second data line when the output terminal of
the data driver is connected to the first data line by the
demultiplexer using a plurality of REF switch elements,
wherein each of the first and second subpixels includes a
pixel circuit, wherein the pixel circuit includes a driving
element for driving a light emitting element and a plurality
of switch elements, wherein the pixel circuit is initialized in
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an initialization operation, senses a threshold voltage of the
driving element in a sensing operation, and emits light in an
emission operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, that may be included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate aspects of the disclosure and together with the
description serve to explain various principles of the disclo-
sure.

[0014] In the drawings:

[0015] FIG. 1 is a block diagram of an electroluminescent
display according to an aspect of the disclosure;

[0016] FIG. 2 illustrates a demultiplexer connected to data
lines and switch elements of a switch array;

[0017] FIG. 3 illustrates a part of a demultiplexer;
[0018] FIGS. 4 and 5 are waveform diagrams illustrating
switch control signals and gate signals;

[0019] FIG. 6 is a circuit diagram illustrating operations of
first and second subpixels in an initialization operation;
[0020] FIGS. 7A and 7B are circuit diagrams illustrating
an operation of a first subpixel in a process for sensing a
threshold voltage and writing data in a driving element;
[0021] FIGS. 8A and 8B are circuit diagrams illustrating
an operation of a second subpixel in a process for sensing a
threshold voltage and writing data in a driving element;
[0022] FIG.9 is a waveform diagram illustrating a floating
time of data lines when there is no switch array;

[0023] FIGS. 10A and 10B illustrate an operation of a
second subpixel when there is no switch array;

[0024] FIG. 11 is a waveform diagram illustrating a
method for controlling a demultiplexer and a switch array
according to a first aspect of the disclosure;

[0025] FIGS. 12A and 12B illustrate a demultiplexer and
a switch array that are switched in response to a control
signal shown in FIG. 11;

[0026] FIG. 13 is a waveform diagram illustrating a
method for controlling a demultiplexer and a switch array
according to a second aspect of the disclosure.

[0027] FIGS. 14A and 14B illustrate a demultiplexer and
a switch array that are switched in response to a control
signal shown in FIG. 13;

[0028] FIG. 15 illustrates a difference in a sensing time of
a threshold voltage of a driving element between pixel
groups;

[0029] FIG. 16 illustrates a method for uniformly control-
ling a luminance between pixel groups by changing a switch
control signal for controlling a demultiplexer by a predeter-
mined time;

[0030] FIGS. 17 and 18 are waveform diagrams illustrat-
ing a method for reducing the number of switching opera-
tions of a demultiplexer; and

[0031] FIGS. 19A to 19D illustrate a method for changing
a switch control signal for controlling a demultiplexer by a
predetermined time.

DETAILED DESCRIPTION

[0032] Reference will now be made in detail to aspects of
the disclosure, examples of which are illustrated in the
accompanying drawings. However, the present disclosure is
not limited to aspects disclosed below, and may be imple-
mented in various forms. These aspects are provided so that
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the present disclosure will be described more completely,
and will fully convey the scope of the present disclosure to
those skilled in the art to which the present disclosure
pertains. Particular features of the present disclosure can be
defined by the scope of the claims.

[0033] Shapes, sizes, ratios, angles, number, and the like
illustrated in the drawings for describing aspects of the
disclosure are merely exemplary, and the present disclosure
is not limited thereto unless specified as such. Like reference
numerals designate like elements throughout. In the follow-
ing description, when a detailed description of certain func-
tions or configurations related to this document that may
unnecessarily cloud the gist of the disclosure have been
omitted.

[0034] Inthe present disclosure, when the terms “include”,
“have”, “comprised of”, etc. are used, other components
may be added unless “~only” is used. A singular expression
can include a plural expression as long as it does not have
an apparently different meaning in context.

[0035] In the explanation of components, even if there is
no separate description, it is interpreted as including margins
of error or an error range.

[0036] In the description of positional relationships, when
a structure is described as being positioned “on or above”,
“under or below”, “next to” another structure, this descrip-
tion should be construed as including a case in which the
structures directly contact each other as well as a case in
which a third structure is disposed therebetween.

[0037] The terms “first”, “second”, etc. may be used to
distinguish various components. However, functions or
structures of the components are not limited by names of the
components and ordinal numbers prefixed to the component
names.

[0038] The features of aspects of the disclosure can be
partially combined or entirely combined with each other,
and can be technically interlocking-driven in various ways.
The aspects can be independently implemented, or can be
implemented in conjunction with each other.

[0039] A pixel circuit included in an electroluminescent
display according to aspects of the disclosure may include at
least one of an n-type thin film transistor (TFT) (or n-type
metal oxide semiconductor field effect transistor (MOSFET)
(NMOS)) and a p-type TFT (or p-type MOSFET (PMOS)).
The TFT is a three-electrode element including a gate, a
source, and a drain. The source is an electrode for supplying
carriers to the TFT. The carriers inside the TFT begin to flow
from the source. The drain is an electrode from which
carriers exit the TFT. Namely, carriers in the TFT flow from
the source to the drain. In case of the n-type TFT, because
carriers are electrons, a source voltage is less than a drain
voltage so that electrons can flow from a source to a drain.
In the n-type TFT, because electrons flow from the source to
the drain, a current flows from the drain to the source. In case
of the p-type TFT, because carriers are holes, a source
voltage is greater than a drain voltage so that holes can flow
from a source to a drain. In the p-type TFT, because holes
flow from the source to the drain, a current flows from the
source to the drain. In aspects disclosed herein, the source
and the drain of the TFT are not fixed. For example, the
source and the drain of the TFT may be changed depending
on an applied voltage. Thus, the present disclosure is limited
by the source and the drain of the TFT. In the following
description, the source and the drain of the TFT are referred
to as a first electrode and a second electrode, respectively.
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[0040] A gate signal applied to the pixel circuit swings
between a gate-on voltage and a gate-off voltage. The
gate-on voltage is set to a voltage greater than a threshold
voltage of the TFT, and the gate-off voltage is set to a voltage
less than the threshold voltage of the TFT. The TFT is turned
on in response to the gate-on voltage and is turned off in
response to the gate-off voltage. In case of an n-type TFT,
the gate-on voltage may be a gate high voltage VGH, and the
gate-off voltage may be a gate low voltage VGL. In case of
a p-type TFT, the gate-on voltage may be the gate low
voltage VGL, and the gate-off voltage may be the gate high
voltage VGH.

[0041] In the following aspects, an electroluminescent
display will be described focusing on an organic light
emitting diode (OLED) display including an organic light
emitting material. However, the technical idea of the present
disclosure is not limited to the OLED display. For example,
the present disclosure may be applied to an inorganic
electroluminescent display including an inorganic electrolu-
minescent material.

[0042] Aspects of the disclosure supply a data voltage
output from a data driver through one channel to N data lines
using a demultiplexer (or referred to as “DEMUX”) in a time
division manner, where N is an even number equal to or
greater than 2. In the following description, a demultiplexer
having a 1:2 MUX structure, in which one output terminal
of a data driver is connected to two data lines, is described
as an example. However, aspects are not limited thereto.
[0043] Referring to FIGS. 1 and 2, an electroluminescent
display according to an aspect of the disclosure includes a
display panel 100 and a display panel driving circuit.
[0044] The display panel 100 includes an active area AA
where an input image is displayed on a screen. A pixel array
is disposed in the active area AA. The pixel array includes
signal lines and pixels arranged in a matrix form. The signal
lines include data lines 102 and gate lines 103 intersecting
the data lines 102. Power lines may be disposed on the pixel
array. In FIG. 2, “LINE1 to LINEn” each indicate a pixel
line including pixels sharing the gate line in the pixel array.
For example, “LINEn” is an nth pixel line, where n is a
positive integer.

[0045] Each pixel may include a red subpixel, a green
subpixel, and a blue subpixel for color representation. Each
pixel may further include a white subpixel. Each subpixel
101 includes a pixel circuit. The pixel circuit includes a light
emitting element, a driving element, one or more switch
elements, a capacitor, and the like. The driving element and
the switch elements may be implemented as TFTs.

[0046] The display panel 100 may further include VDD
lines for supplying a pixel driving voltage VDD to the
subpixels 101, Vini lines for supplying an initialization
voltage Vini for initializing the pixel circuit to the subpixels
101, VSS electrodes for supplying a low potential power
voltage VSS to the subpixels 101, VGH lines supplied with
a gate high voltage VGH, VGL lines supplied with a gate
low voltage VGL, and the like. Power voltages including the
VDD, the Vini, the VSS, etc. are generated from a power
circuit (not shown). For example, the power voltages may be
set as follows: VDD=4.5V, VS§=-2.5V, Vini=-3.5V,
VGH=7.0V, VGL=-5.5V. However, aspects are not limited
thereto. The power voltages may vary depending on driving
characteristics or models of the display panel 100.

[0047] Touch sensors may be disposed on the display
panel 100. A touch input may be sensed using separate touch
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sensors or sensed through the pixels. The touch sensors may
be implemented as on-cell touch sensors or add-on touch
sensors and disposed on the screen of the display panel 100.
Alternatively, the touch sensors may be implemented as
in-cell touch sensors that are embedded in the pixel array.

[0048] The display panel driving circuit includes a data
driver 110 and a gate driver 120. The display panel driving
circuit further includes a demultiplexer 112 between the data
driver 110 and the data lines 102 and a switch array 114 for
supplying the initialization voltage Vini to at least some of
the data lines 102.

[0049] The display panel driving circuit writes data of an
input image to the pixels of the display panel 100 under the
control of a timing controller 130. The display panel driving
circuit may further include a touch sensor driver for driving
the touch sensors. The touch sensor driver is omitted in FIG.
1. In mobile devices, the display panel driving circuit, the
timing controller 130, and the power circuit may be inte-
grated into one integrated circuit.

[0050] The display panel driving circuit may operate in a
low refresh driving mode. The low refresh driving mode is
set to reduce power consumption of a display device when
there is no change in an input image for a predetermined
time as a result of the analysis of the input image. In other
words, the low refresh driving mode can increase a data
writing cycle of pixels by reducing a refresh rate (or referred
to as “frame rate™) of the pixels when a still image is input
for a predetermined time or more, thereby reducing the
power consumption of the display device. The low refresh
driving mode is not limited to when the still image is input.
For example, the display panel driving circuit can operate in
the low refresh driving mode when the display device
operates in a standby mode or when a user command or an
input image is not input to the display panel driving circuit
for a predetermined time or more.

[0051] The data driver 110 converts digital data of an input
image received from the timing controller 130 into a gamma
compensation voltage and generates a data signal in each
frame period. The data driver 110 outputs a voltage (here-
inafter referred to as “data voltage™) of the data signal in
each output terminal through an output buffer AMP.

[0052] The demultiplexer 112 is disposed between the data
driver 110 and the data lines 102. The demultiplexer 112
distributes the data voltage output from the data driver 110
to the data lines 102 using a plurality of switch elements M1
and M2. As shown in FIG. 2, the demultiplexer 112 may
distribute one output channel of the data driver 110 to the
two data lines. In this instance, the demultiplexer 112
includes a plurality of first switch elements M1 connecting
a first data line group including data lines D1 and D3 to
output terminals of the data driver 110 and a plurality of
second switch elements M2 connecting a second data line
group including data lines D2 and D4 to output terminals of
the data driver 110.

[0053] The switch array 114 includes a plurality of switch
elements S1 and S2 for supplying the initialization voltage
Vini to the subpixels 101 before the data voltage is applied.
More specifically, the switch array 114 includes a plurality
of first switch elements S1 connecting the first data line
group including the data lines D1 and D3 to initialization
voltage lines and a plurality of second switch elements S2
connecting the second data line group including the data
lines D2 and D4 to initialization voltage lines. The demul-
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tiplexer 112, the switch array 114, and the gate driver 120
may be disposed on the display panel 100 together with the
pixel array.

[0054] As shown in FIGS. 1 and 2, the demultiplexer 112
may be connected to one ends of the data lines 102, and the
switch array 114 may be connected to the other ends of the
data lines 102. However, aspects are not limited thereto. For
example, the demultiplexer 112 and the switch array 114
may be disposed together in a bezel area on one side of the
display panel 100, so that they are connected to one of both
ends of the data lines.

[0055] The pixel circuits of the subpixels 101, the demul-
tiplexer 112, the switch array 114, and the gate driver 120
may be formed directly on a substrate of the display panel
100 in the same manufacturing process. Transistors of the
pixel circuits, the demultiplexer 112, the switch array 114,
and the gate driver 120 may be implemented as NMOS or
PMOS transistors and may be implemented as transistors of
the same type.

[0056] The gate driver 120 outputs gate signals to the gate
lines 103 under the control of the timing controller 130. The
gate driver 120 shifts the gate signals using a shift register
and can sequentially supply the gate signals to the gate lines
103. The gate signals include scan signals SCANO to
SCANnN for selecting pixels of a pixel line on which data is
to be written, and emission switching signals (hereinafter
referred to as “EM signals”) EM1 to EMn defining an
emission time of pixels charged with the data voltage.

[0057] The timing controller 130 receives digital video
data DATA of an input image and timing signals synchro-
nized with the digital video data DATA from a host system
(not shown). The timing signals include a vertical sync
signal Vsync, a horizontal sync signal Hsync, a data enable
signal DE, a clock signal DCLK, and the like. The host
system may be one of a television system, a set-top box, a
navigation system, a personal computer (PC), a home theater
system, a mobile device, and other systems that include or
operate in conjunction with a display device.

[0058] The timing controller 130 multiplies an input frame
frequency by “1” and can control operation timing of the
display panel driving circuits (110, 112, 114, and 120) at a
frame frequency of (i.e., input frame frequencyxi) Hz, where
“I” is a positive integer greater than zero. The input frame
frequency is 50 Hz in a phase alternate line (PAL) scheme
and is 60 Hz in the national television standards committee
(NTSC) scheme. In the low refresh driving mode, the timing
controller 130 may reduce the frame frequency to 1 Hz to 30
Hz in order to reduce a refresh rate of the pixels.

[0059] The timing controller 130 generates a data timing
control signal for controlling operation timing of the data
driver 110, switch control signals MUXA, MUXB, IEN1
and IEN2 for controlling operation timings of the demulti-
plexer 112 and the switch array 114, and a gate timing
control signal for controlling operation timing of the gate
driver 120 based on the timing signals Vsync, Hsync, DE,
and DCLK received from the host system. Voltage levels of
the gate timing control signal and the switch control signals
MUXA, MUXB, IEN1 and IEN2 output from the timing
controller 130 may be converted into a gate-on voltage and
a gate-off voltage through a level shifter (not shown) and
may be supplied to the gate driver 120. The level shifter
converts a low level voltage of the gate timing control signal
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into the gate low voltage VGL and converts a high level
voltage of the gate timing control signal into the gate high
voltage VGH.

[0060] FIG. 3 illustrates a part of the demultiplexer 112.
FIGS. 4 and 5 are waveform diagrams illustrating the switch
control signals MUXA, MUXB, IEN1 and IEN2 and the
gate signals SCAN(N-1), SCAN(N) and EN(N) when the
switch elements of the demultiplexer 112 and the switch
array 114 are implemented as PMOS transistors in the same
manner as the switch elements of the pixel circuit. In FIGS.
4 and 5, “ON” denoted on the switch control signals MUXA,
MUXB, IEN1 and IEN2 is an ON-time period in which the
switch elements of the demultiplexer 112 and the switch
array 114 are turned on. When the switch elements of the
demultiplexer 112 and the switch array 114 are implemented
as NMOS transistors, the switch control signals MUXA,
MUXB, IEN1 and IEN2 are generated as antiphase signals
of those shown in FIGS. 4 and 5.

[0061] Referring to FIGS. 3 to 5, the demultiplexer 112
includes first and second switch elements M1 and M2
connected to a first output terminal CH1 of the data driver
110.

[0062] The data driver 110 time-divides the data signal
into a first data signal DATA1 and a second data signal
DATA?2 and sequentially outputs the first data signal DATA1
and the second data signal DATA2 through the first output
terminal CH1 for one horizontal period 1H. One horizontal
period 1H is time required to apply the data signal to pixels
disposed on one pixel line.

[0063] The first switch element M1 is disposed between
the first output terminal CH1 and a first data line D1. The
first switch element M1 is turned on in response to the first
switch control signal MUXA and supplies the first data
signal DATA1 applied through the first output terminal CH1
to the first data line D1. A first subpixel 101A connected to
the first data line D1 is supplied with the first data signal
DATA1 through the first switch element M1. The second
switch element M2 is disposed between the first output
terminal CH1 and a second data line D2. The second switch
element M2 is turned on in response to the second switch
control signal MUXB and supplies the second data signal
DATA2 applied through the first output terminal CH1 to the
second data line D2. A second subpixel 101B connected to
the second data line D2 is supplied with the second data
signal DATA2 through the second switch element M2. The
first and second subpixels 101A and 101B share a gate line
with each other and are supplied with scan signals SCAN
synchronized with the first and second data signals DATA1
and DATA2 through the shared gate line. After the first
subpixel 101A is supplied with the first data signal DATA1
during an A period, the second subpixel 101B is supplied
with the second data signal DATA2 during a B period. Each
of the A period and the B period is about ¥4 horizontal period
15 H.

[0064] Each of the scan signals SCAN(N-1) and SCAN
(N) may be generated as a pulse of one horizontal period 1H.
The (N-1)th scan signal SCAN(N-1) is supplied to pixels of
an (N-1)th pixel line and pixels of an Nth pixel line, where
N is a positive integer greater than zero. During one hori-
zontal period 1H in which a pulse of the (N-1)th scan signal
SCAN(N-1) is generated, the pixels of the (N-1)th pixel
line perform a process (hereinafter referred to as “Twr
operation”) for sensing a threshold voltage and writing data
in the driving element, and at the same time the pixels of the
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Nth pixel line perform an initialization process (hereinafter
referred to as *“Tini operation”). The Nth scan signal SCAN
(N) is supplied to the pixels of the Nth pixel line and pixels
of an (N+1)th pixel line. During one horizontal period 1H in
which a pulse of the Nth scan signal SCAN(N) is generated,
the pixels of the Nth pixel line perform the Twr operation,
and at the same time the pixels of the (N+1)th pixel line
perform the Tini operation.

[0065] The Twr operation is divided into the A period and
the B period. The A period is time required to charge
subpixels belonging to a first pixel group with the data
voltage and to charge subpixels belonging to a second pixel
group with the initialization voltage Vini. The B period is
time required to charge or float the subpixels belonging to
the first pixel group with the initialization voltage Vini and
to charge the subpixels belonging to the second pixel group
with the data voltage. In aspects disclosed herein, the first
pixel group includes subpixels operating in the same way as
the first subpixel 101A, and the second pixel group includes
subpixels operating in the same way as the second subpixel
101B. Positions of the first pixel group and the second pixel
group may be reversed every a predetermined time, for
example, every N frame period, where N is a positive integer
greater than zero.

[0066] The EM signal EM(N) defines a light emission
operation Tem (hereinafter referred to as “EM period”) of
the light emitting element of the pixel circuit. The EM signal
EM(N) is generated as a pulse of the gate-off voltage for
time in which the EM signal EM(N) overlaps the (N-1)th
scan signal SCAN(N-1) and the Nth scan signal SCAN(N).
The EM signal EM(N) is held at the gate-on voltage in most
of a remaining time excluding a width of the pulse of the
gate-off voltage from one frame period. During the EM
period Tem, third and fourth switching TFT elements T3 and
T4 are turned on due to an ON-time period of the EM signal
EM(N) as shown in FIGS. 6 to 8B. During the EM period
Tem, a current path of the light emitting element is formed.
[0067] The driving element of the pixel circuit is driven in
accordance with a gate-to-source voltage Vgs for time, in
which the EM signal EM(N) is generated at the gate-on
voltage, and supplies a current to the light-emitting element.
Thus, the light emitting element of the pixel circuit can emit
light during the EM period Tem.

[0068] Each of the first and second switch control signals
MUXA and MUXB may be generated as a pulse of a ¥
horizontal period. The first and second switch control signals
MUZXA and MUXB do not overlap each other so that the first
and second switch elements M1 and M2 are not simultane-
ously turned on. For example, after the first switch element
M1 is turned on, the second switch element M2 may be
turned on. On the contrary, after the second switch element
M2 is turned on, the first switch element M1 may be turned
on.

[0069] The data driver 110 may include switch elements
M12 and M22 that are synchronized with the demultiplexer
112. The third switch element M12 is disposed between a
first output buffer AMP1 and the first output terminal CH1.
The third switch element M12 is turned on in response to the
first switch control signal MUXA at the same time as the first
switch element M1 and outputs the first data signal DATA1
through the first output terminal CH1. The fourth switch
element M22 is disposed between a second output buffer
AMP2 and the first output terminal CH1. The fourth switch
element M22 is turned on in response to the second switch
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control signal MUXB at the same time as the second switch
element M2 and outputs the second data signal DATA2
through the first output terminal CHI.

[0070] The first data line D1 is charged with the first data
signal DATA1 supplied through the switch element M1
during the A period and then is floated or charged with the
initialization voltage Vini during the B period. The fact that
the first data line D1 is floated means that the switch
elements M1 and S1 connected to the first data line D1 are
turned off and thus no signal or voltage is applied to the first
data line D1. The switch element S1 of the switch array 114
may be turned on in response to the first switch control
signal IEN1 during the B period and may supply the
initialization voltage Vini to the first data line D1. Alterna-
tively, the switch element S1 of the switch array 114 may
maintain an off-state during the B period so that the first data
line D1 is floated.

[0071] The second data line D2 is charged with the ini-
tialization voltage Vini during the A period and then is
charged with the second data signal DATA2 during the B
period. The switch element S2 of the switch array 114 is
turned on in response to the second switch control signal
IEN2 during the A period and supplies the initialization
voltage Vini to the second data line D2, so that malfunction
of the second subpixel 101A is prevented.

[0072] Each data line 102 of the display panel 100
includes a parasitic capacitance Cp. If the switch array 114
is not provided, the subpixels of the second pixel group may
malfunction in the A period due to the parasitic capacitance
Cp. The switch array 114 applies the initialization voltage
Vini to the data lines connected to the second subpixel 101B
during the A period to thereby prevent the malfunction of the
second pixel group.

[0073] FIGS. 6 to 8B illustrate a pixel circuit according to
an aspect of the present disclosure and an operation of the
pixel circuit, by way of example. Thus, aspects are not
limited to the pixel circuit illustrated in FIGS. 6 to 8B.
[0074] FIG. 6 s a circuit diagram illustrating operations of
first and second subpixels in a Tini operation.

[0075] Referring to FIG. 6, each of first and second
subpixels 101A and 101B includes a compensation circuit
that compensates for a data voltage in real time as much as
a threshold voltage of a driving element in each frame
period. A pixel circuit according to an aspect of the present
disclosure includes a light emitting element EL, a plurality
of TFTs T1 to T6 and DT, a storage capacitor Cst, and the
like.

[0076] The TFTs T1 to T6 and DT may be implemented as
p-type TFTs or PMOS transistors. However, aspects are not
limited thereto.

[0077] The switching TFTs T1 to T6 are turned on or off
in response to the gate signal from the gate line and thus
initialize the pixel circuit in a Tini operation. Subsequently,
in a Twr operation, the switching TFTs T1 to T6 sense a
threshold voltage Vth of the driving element DT and supply
a gate of the driving element DT with a data voltage that is
compensated as much as the threshold voltage Vth. Inan EM
period Tem, the switching TFTs T1 to T6 form a current path
between the VDD and the light emitting element EL and
cause the light emitting element EL to emit light.

[0078] The light emitting element EL. may be imple-
mented as an OLED. The OLED includes an organic com-
pound layer between an anode and a cathode. The organic
compound layer may include a hole injection layer HIL, a
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hole transport layer HTL, an emission layer EML, an
electron transport layer ETL, and an electron injection layer
EIL. However, aspects are not limited thereto. When a
power voltage is applied to the anode and the cathode, holes
passing through the hole transport layer HTL and electrons
passing through the electron transport layer ETL move to the
emission layer EML and combine, thereby forming excitons.
As a result, the emission layer EML generates visible light
by the excitons. The OLED emits light with an amount of
current that is controlled by the driving element DT. The
anode of the OLED is connected to the fourth and sixth
switching TFTs T4 and Té6 through a sixth node né. The
cathode of the OLED is connected to the VSS electrode
supplied with the low potential power voltage VSS. A
current path of the OLED is switched by the fourth switch-
ing TFT T4.

[0079] A first electrode of the storage capacitor Cst is
connected to the VDD line and a first electrode of the third
switching TFT T3 through a second node n2. A second
electrode of the storage capacitor Cst is connected to the gate
of the driving TFT DT, a first electrode of the second
switching TFT T2, and a first electrode of the fifth switching
TFT T5 through a third node n3.

[0080] The first switching TFT T1 is a switch element for
supplying data lines D1 and D2 to a first node nl in response
to the Nth scan signal SCAN(N). The first switching TFT T1
includes a gate connected to a first gate line G1, a first
electrode connected to the data lines D1 and D2, and a
second electrode connected to the first node nl. The Nth
scan signal SCAN(N) is applied to the pixel circuit through
the first gate line G1.

[0081] The second switching TFT T2 connects the third
node n3 to a fourth node n4 in response to the Nth scan
signal SCAN(N). The gate and a drain of the driving TFT
DT are connected by the second switching TFT T2, and thus
the driving TFT DT can operate as a diode. The second
switching TFT T2 includes a gate connected to the first gate
line G1, a first electrode connected to the third node n3, and
a second electrode connected to the fourth node nd.

[0082] The third switching TFT T3 connects the VDD line
to the first node n1 in response to the EM signal EM(N). The
third switching TFT T3 includes a gate connected to a
second gate line G2 supplied with the EM signal EM(N), a
first electrode connected to the VDD line through the second
node n2, and a second electrode connected to the first node
nl.

[0083] The fourth switching TFT T4 switches a current
path of the light emitting element EL in response to the EM
signal EM(N). A gate of the fourth switching TFT T4 is
connected to the second gate line G2. A first electrode of the
fourth switching TFT T4 is connected to a second electrode
of the driving TFT DT and the second electrode of the
second switching TFT T2 through the fourth node nd4. A
second electrode of the fourth switching TFT T4 is con-
nected to a second electrode of the sixth switching TFT T6
and the anode of the light emitting element EL through the
sixth node n6.

[0084] The fifth switching TFT T5 connects the third node
n3 to a fifth node n5 in response to the (N-1)th scan signal
SCAN(N-1). The fifth switching TFT T5 includes a gate
connected to a third gate line G3 supplied with the (N-1)th
scan signal SCAN(N-1), a first electrode connected to the
second electrode of the storage capacitor Cst through the
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third node n3, and a second electrode connected to the Vini
line and a first electrode of the sixth switching TFT T6
through the fifth node n5.

[0085] The sixth switching TFT T6 connects the fifth node
n5 to the sixth node n6 in response to the (N-1)th scan signal
SCAN(N-1). The sixth switching TFT T6 includes a gate
connected to the third gate line G3, the first electrode
connected to the second electrode of the fifth switching TFT
T5 and the Vini line through the fifth node n5, and the
second electrode connected to the second electrode of the
fourth switching TFT T4 and the anode of the light emitting
device EL through the sixth node n6.

[0086] The driving TFT DT controls a current flowing in
the light emitting element EL depending on the gate-to-
source voltage Vgs. The driving TFT DT includes the gate
connected to the third node n3, a first electrode connected to
the first node nl1, and the second electrode connected to the
fourth node n4.

[0087] In the Tini operation of the first and second sub-
pixels 101A and 101B disposed on the Nth pixel line, the
(N-D)th scan signal SCAN(N-1) is generated as a pulse of
the gate-on voltage, and the Nth scan signal SCAN(N) and
the EM signal EM(N) are held at the gate-off voltage. Thus,
in the Tini operation, the fifth and sixth switching TFTs T5
and T6 are turned on, and the remaining switching TFTs T1
to T4 maintain an off-state. In the Tini operation, the second
node n2 is initialized to the VDD, and the third, fifth, and
sixth nodes n3, n5 and n6 are initialized to the Vini.

[0088] FIGS. 7A and 7B are circuit diagrams illustrating
an operation of the first subpixel 101 A in the Twr operation.
The Twr operation of the first subpixel 101A on the Nth pixel
line is divided into an A period Twr-A and a B period Twr-B.

[0089] Referring to FIG. 7A, the Nth scan signal SCAN
(N) is generated as a pulse of the gate-on voltage in the Twr
operation. During the A period Twr-A, the (N-1)th scan
signal SCAN(N-1) and the EM signal EM(N) are held at the
gate-off voltage. During the A period Twr-A of the first
subpixel 101A, the first and second switching TFTs T1 and
T2 are turned on, and the remaining switching TFTs T3 to
T6 maintain an off-state. In this instance, data signals Nth
Line DATA and DATA1 of the Nth pixel line are applied to
the first data line D1 in synchronization with the Nth scan
signal SCAN(N). Thus, in the A period Twr-A, because the
driving TFT DT is turned on until a voltage of the driving
TFT DT reaches “Nth Line DATA+Vth”, a gate voltage of
the driving TFT DT, i.e., a voltage of the third node n3 is
“Nth Line DATA+Vth”.

[0090] Referring to FIG. 7B, during the B period Twr-B,
the first and second switching TFTs T1 and T2 are turned on,
and the remaining switching TFTs T3 to T6 maintain an
off-state. In this instance, the first data line D1 is floated or
charged with the initialization voltage Vini. When the first
data line D1 is floated as described above, the voltage of the
first data line D1 is held at “Nth line DATA” due to a voltage
stored in a parasitic capacitance Cp connected to the first
data line D1. Hence, the gate voltage of the driving TFT DT,
i.e., the voltage of the third node n3 is “Nth Line DATA
+Vth”.

[0091] During the B period Twr-B, when the initialization
voltage Vini is applied to the first data line D1, a source
voltage of the driving TFT DT, i.e., a voltage of the first node
nl is reduced to a value equal to or less than the gate voltage
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of the driving TFT DT. Therefore, the driving TFT DT is
turned off, and the gate voltage of the driving TFT DT is held
at “Nth Line DATA+Vth”.

[0092] FIGS. 8A and 8B are circuit diagrams illustrating
an operation of the second subpixel 101B in the Twr
operation.

[0093] Referring to FIG. 8A, the Nth scan signal SCAN
(N) is generated as a pulse of the gate-on voltage in the Twr
operation. During the A period Twr-A, the (N-1)th scan
signal SCAN(N-1) and the EM signal EM(N) are held at the
gate-off voltage. During the A period Twr-A of the second
subpixel 101B, the first and second switching TFTs T1 and
T2 are turned on, and the remaining switching TFTs T3 to
T6 maintain an off-state. In this instance, the initialization
voltage Vini is applied to the second data line D2 in
synchronization with the Nth scan signal SCAN(N). Thus, in
the A period Twr-A, because the driving TFT DT is turned
off when the gate voltage and the source voltage of the
driving TFT DT are the initialization voltage Vini, the gate
voltage and the source voltage of the driving TFT DT are the
initialization voltage Vini.

[0094] Referring to FIG. 8B, during the B period Twr-B,
the first and second switching TFTs T1 and T2 are turned on,
and the remaining switching TFTs T3 to T6 maintain an
off-state. In this instance, data signals Nth Line DATA and
DATA?2 of the Nth pixel line are applied to the second data
line D2 in synchronization with the Nth scan signal SCAN
(N). Thus, in the B period Twr-B, because the driving TFT
DT is turned on until the voltage of the driving TFT DT
reaches “Nth Line DATA+Vth”, the gate voltage of the
driving TFT DT is “Nth Line DATA+Vth™.

[0095] During the EM period Tem, the light emitting
element EL emits light by the driving TFT DT driven
depending on the gate-to-source voltage Vgs. The gate
voltage of the driving TFT DT is held at the data voltage
“Nth Line DATA+Vth” that is compensated as much as the
threshold voltage Vth of the driving TFT DT due to the
storage capacitor Cst.

[0096] Each data line 102 of the display panel 100
includes a parasitic capacitance Cp. If the switch array 114
is not provided, the second subpixel 101B may malfunction
due to the parasitic capacitance Cp as shown in FIGS. 10A
and 10B. In particular, if the switch array 114 is not
provided, the threshold voltage of the driving element may
not be sensed in the pixel circuit when the second subpixel
101B is floated in the A period as shown in FIG. 3. Thus,
aspects of the present disclosure can prevent the gate of the
driving TFT DT from being floated by controlling the gate
voltage of the driving TFT DT of the second subpixel 101B
to the initialization voltage Vini in the A period, thereby
stably sensing the threshold voltage Vth of the driving TFT
DT.

[0097] When the switch array 114 is not provided, the first
data line D1 is charged with the first data signal DATA1
during the A period and then is floated during the B period.
On the other hand, the second data line D2 is floated during
the A period and then is charged with the second data signal
DATA?2 during the B period.

[0098] FIG.9 is a waveform diagram illustrating a floating
time of data lines when there is no switch array. FIGS. 10A
and 10B illustrate an operation of a second subpixel when
there is no switch array.

[0099] Referring to FIG. 10A, the Nth scan signal SCAN
(N) is generated as a pulse of the gate-on voltage in the Twr
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operation. During the A period Twr-A, the (N-1)th scan
signal SCAN(N-1) and the EM signal EM(N) are held at the
gate-off voltage. During the A period Twr-A of the second
subpixel 101B, the first and second switching TFTs T1 and
T2 are turned on, and the remaining switching TFTs T3 to
T6 maintain an off-state. In this instance, because the second
switch element M2 of the demultiplexer 112 is turned off,
the second data line D2 is floated and is held at a voltage of
a data signal (N=1)th Line DATA of the (N-1)th pixel line
charged in a parasitic capacitance Cp. Thus, in the A period
Twr-A, the gate of the driving TFT DT is held at “(N-1)th
Line DATA+Vth” that has been previously charged.

[0100] Referring to FIG. 10B, during the B period Twr-B,
the first and second switching TFTs T1 and T2 are turned on,
and the remaining switching TFTs T3 to T6 maintain an
off-state. In this instance, data signals Nth Line DATA and
DATA2 of the Nth pixel line are applied to the second data
line D2 in synchronization with the Nth scan signal SCAN
(N).

[0101] During the B period Twr-B, the gate voltage of the
driving TFT DT is “(N-1)th Line DATA+Vth” different
from the initialization voltage Vini. When “(N-1)th Line
DATA+Vth” is greater than “Nth Line DATA”, the driving
TFT DT is turned off. Therefore, the gate voltage of the
driving TFT DT cannot increase to “Nth Line DATA +Vth”.
Thus, in the second subpixel 101B, when the initialization
voltage Vini is not applied to the second data line D2 during
the A period, the threshold voltage Vth of the driving TFT
DT cannot be sensed in the Twr operation.

[0102] Aspects of the disclosure set the second data line
D2 connected to the second subpixel 101B to the initializa-
tion voltage Vini during the A period Twr-A of the second
subpixel 101B as shown in FIG. 8A, thereby performing the
sensing of the threshold voltage of the driving TFT DT of the
second subpixel 101B in the Twr operation.

[0103] FIG. 11 is a waveform diagram illustrating a
method for controlling a demultiplexer and a switch array
according to a first aspect of the present disclosure. More
specifically, FIG. 11 illustrates switch control signals
MUXA, MUXB, IEN1 and IEN2 when switch elements of
a demultiplexer 112 and a switch array 114 are implemented
as PMOS transistors. The switch control signals MUXA,
MUXB, IEN1 and IEN2 shown in FIG. 11 are substantially
the same as those shown in FIGS. 4 and 5. FIGS. 12A and
12B illustrate a demultiplexer and a switch array that are
switched in response to a control signal shown in FIG. 11.
[0104] Referring to FIGS. 11 and 12B, the demultiplexer
112 connects data lines D1 and D3 connected to a first pixel
group to output terminals of the data driver 110 in response
to the first switch control signal MUXA during an A period.
Further, the demultiplexer 112 connects data lines D2 and
D4 connected to a second pixel group to the output terminals
of the data driver 110 in response to the second switch
control signal MUXB during a B period. The first and
second switch control signals MUXA and MUXB may be
substantially generated in antiphase. Subpixels 101A
belonging to the first pixel group may be connected to the
odd-numbered data lines D1 and D3, and subpixels 101B
belonging to the second pixel group may be connected to the
even-numbered data lines D2 and D4. However, aspects are
not limited thereto.

[0105] The switch array 114 supplies the initialization
voltage Vini to the data lines D2 and D4 connected to the
second pixel group in response to the first switch control
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signal TEN1 during the A period. The switch array 114
supplies the initialization voltage Vini to the data lines D1
and D3 connected to the first pixel group in response to the
second switch control signal IEN2 during the B period.

[0106] The subpixels 101A of the first pixel group may be
connected to the odd-numbered data lines D1 and D3, and
the subpixels 101B of the second pixel group may be
connected to the odd-numbered data lines D2 and D4.
However, aspects are not limited thereto.

[0107] The first switch control signal MUXA of the
demultiplexer 112 and the first switch control signal IEN1 of
the switch array 114 are generated in antiphase. Further, the
second switch control signal MUXB of the demultiplexer
112 and the second switch control signal IEN2 of the switch
array 114 are generated in antiphase. Thus, as shown in FIG.
12A, during the A period, the data signal is applied to the
first pixel group, and at the same time the initialization
voltage Vini is applied to the second pixel group. Subse-
quently, as shown in FIG. 12B, during the B period, the data
signal is applied to the second pixel group, and at the same
time the initialization voltage Vini is applied to the first pixel
group.

[0108] As described above with reference to FIGS. 7A to
8B, in the Twr operation, the first pixel group that is earlier
supplied with the data signal can be normally driven when
the first pixel group is supplied with the initialization voltage
Vini or is floated after the receiving of the data signal.

[0109] FIG. 13 is a waveform diagram illustrating a
method for controlling a demultiplexer and a switch array
according to a second aspect of the present disclosure. FIGS.
14A and 14B illustrate a demultiplexer and a switch array
that are switched in response to a control signal shown in
FIG. 13. FIGS. 13 to 14B illustrate a method for controlling
the data lines connected to the first pixel group through the
floating after the data signal is earlier applied to the first
pixel group.

[0110] Referring to FIGS. 13 to 14B, the demultiplexer
112 connects data lines D1 and D3 connected to a first pixel
group to output terminals of the data driver 110 in response
to a first switch control signal MUXA during an A period.
Further, the demultiplexer 112 connects data lines D2 and
D4 connected to a second pixel group to the output terminals
of the data driver 110 in response to a second switch control
signal MUXB during a B period. The first and second switch
control signals MUXA and MUXB may be substantially
generated in antiphase. Subpixels 101A belonging to the first
pixel group may be connected to the odd-numbered data
lines D1 and D3, and subpixels 101B belonging to the
second pixel group may be connected to the even-numbered
data lines D2 and D4. However, aspects are not limited
thereto.

[0111] A switch control signal IEN for controlling the
switch array 114 and the first switch control signal MUXA
of the demultiplexer 112 may be generated in phase. The
switch array 114 includes switch elements S3 that supplies
the initialization voltage Vini to the data lines D2 and D4
connected to the second pixel group in response to the
switch control signal IEN during the A period. In the second
aspect of the disclosure, the switch elements S3 of the switch
array 114 do not need to be connected to the data lines D1
and D3 connected to the first pixel group. As described
above with reference to FIGS. 7A and 7B, even if the data
lines D1 and D3 connected to the first pixel group are floated
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in the B period, the threshold voltage of the driving TFT can
be normally sensed in the pixel circuit.

[0112] The first switch control signal MUXA of the
demultiplexer 112 and the first switch control signal IEN1 of
the switch array 114 are generated in antiphase. Thus, as
shown in FIG. 12A, during the A period, the data signal is
applied to the first pixel group, and at the same time the
initialization voltage Vini is applied to the second pixel
group. Subsequently, as shown in FIG. 12B, during the B
period, the data signal is applied to the second pixel group,
and at the same time the initialization voltage Vini is applied
to the first pixel group.

[0113] FIG. 15 illustrates a difference in a sensing time of
a threshold voltage of a driving element between pixel
groups. In FIG. 15, “Vg” denotes a gate voltage (i.e, a
voltage of a third node n3) of the driving TFT DT included
in the pixel circuit.

[0114] Referring to FIG. 15, the first subpixel 101A
receives the data signal DATA1 in the A period of the Twr
operation to sense the threshold voltage of the driving TFT
DT and receives a voltage stored in a parasitic capacitance
Cp in the B period of the Twr operation to sense the
threshold voltage of the driving TFT DT. On the other hand,
the second subpixel 101B receives the data signal DATA2 in
the B period of the Twr operation to sense the threshold
voltage of the driving TFT DT. While the first subpixel 101A
of the first pixel group senses the threshold voltage of the
driving TFT DT during one horizontal period 1H, and the
second subpixel 101B of the second pixel group senses the
threshold voltage of the driving TFT DT during /2 horizontal
period 2H. Therefore, there may be a difference AVth in the
sensed threshold voltage between the first pixel group and
the second pixel group. The difference may cause a lumi-
nance difference between the first pixel group and the second
pixel group at the same gray level.

[0115] FIG. 16 illustrates a method for uniformly control-
ling a luminance between the pixel groups by changing the
switch control signals MUXA and MUXB for controlling
the demultiplexer 112 every a predetermined time.

[0116] Referring to FIG. 16, the first pixel group and the
second pixel group are distinguished depending on charging
order of the data voltage in the Twr operation. The data
voltage charging order of the subpixels may be controlled by
the switch control signals MUXA and MUXB for control-
ling the demultiplexer 112.

[0117] When the switch control signals MUXA and
MUXB are inverted every a predetermined time, for
example, every horizontal period, the subpixels 101A of the
first pixel group and the subpixels 101B of the second pixel
group are alternately arranged in one frame period at intet-
vals of one subpixel. When the arrangement of the first and
second pixel groups is the same in every frame period as
described above, a luminance difference may occur based on
one subpixel.

[0118] When the switch control signals MUXA and
MUXB are inverted every horizontal period and are also
inverted every frame period, the subpixels 101A of the first
pixel group and the subpixels 101B of the second pixel
group are positioned adjacent to each other in up, down, left
and right directions in one frame period as shown in FIG. 16.
Hence, the first pixel group and the second pixel group are
spatially separated, and positions of the subpixels 101A of
the first pixel group and positions of the subpixels 101B of
the second pixel group are reversed in each frame period. As
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a result, an average luminance of subpixels 101 is the same
in a first frame period FR1 and a second frame period FR2.
[0119] A method for reducing power consumption by
reducing the number of switching operations of the demul-
tiplexer is disclosed in U.S. Patent Publication No. 2016-
0078826A1 (17 Mar. 2016) corresponding to the present
applicant, and which are hereby incorporated by reference in
their entirety. The method, as shown in FIGS. 17 and 18,
increases an ON-time period of the switch control signals
MUZXA and MUXB for controlling the demultiplexer 112 to
one horizontal period 1H in the same manner as an ON-time
period of the scan signals SCAN(N-1) and SCAN(N) and
supplies the data signal to subpixels disposed on two adja-
cent pixel lines in one horizontal period 1H in the time
division manner.

[0120] A threshold voltage sensing time of the pixels is
determined by ON-time of the demultiplexer 112 and ON-
time of the scan signal synchronized with the data signal.
Aspects of the disclosure can uniformly control spatially and
in time a luminance of the pixels by properly changing an
ON-time period of switch control signals MUX1 and MUX2
and an ON-time period of the scan signal in each frame
period as shown in FIGS. 19A to 19D.

[0121] As shown in FIGS. 19A and 19B, the timing
controller 130 can be configured such that an ON-time
period of a second switch control signal MUX2 is earlier
than an ON-time period of a first switch control signal
MUX1 in a first frame period FR1, and then an ON-time
period of the first switch control signal MUX1 is earlier than
an ON-time period of the second switch control signal
MUX2 in a second frame period FR2. Further, as shown in
FIGS. 19C and 19D, the timing controller 130 can be
configured such that an ON-time period of the first switch
control signal MUX1 is earlier than an ON-time period of
the second switch control signal MUX2 in a third frame
period FR3, and then an ON-time period of the second
switch control signal MUX2 is earlier than an ON-time
period of the first switch control signal MUX1 in a fourth
frame period FR4. The switch control signals MUX1 and
MUZX2 can be inverted every one horizontal period 1H, so
that subpixels of a first pixel group and subpixels of a second
pixel group in adjacent pixel lines are alternately arranged at
intervals of one subpixel as shown in FIG. 16. A luminance
of the pixels can be uniformly controlled by properly
combining waveforms shown in FIGS. 19A to 19D.
[0122] Referring again to FIG. 2, in a first pixel line
LINE1, a red subpixel R is connected to a first data line D1,
and a green subpixel G is connected to a second data line D2.
In a second pixel line LINE2, a blue subpixel B is connected
to the first data line D1, and a green subpixel G is connected
to the second data line D2. In the following description, the
red subpixel R connected to the first data line D1 in the first
pixel line LINE1 is referred to as the “R subpixel”, and the
green subpixel G connected to the second data line D2 in the
first pixel line LINE1 is referred to as the “G subpixel”.
[0123] The switch control signals MUXA and MUXB
shown in FIG. 2 may be changed to the switch control
signals MUX1 and MUX2 shown in FIGS. 19A to 19D. In
this instance, in a first frame period FR1, the MUXA may be
generated as the MUX2, and the MUXB may be generated
as the MUX1 of which ON-time is later than ON-time of the
MUX2. In a second frame period FR2, the MUXA may be
generated as the MUX1, and the MUXB may be generated
as the MUX2 of which ON-time is earlier than ON-time of
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the MUX1. In a third frame period FR3, the MUXA may be
generated as the MUX2, and the MUXB may be generated
as the MUX1 of which ON-time is earlier than ON-time of
the MUX2. In a fourth frame period FR4, the MUXA may
be generated as the MUX1, and the MUXB may be gener-
ated as the MUX2 of which ON-time is earlier than ON-time
of the MUX1. The timing controller 130 controls operation
timing of the demultiplexer 112 and operation timing of the
gate driver 120 and thus can change the scan signal and the
switch control signal in each frame period as shown in FIGS.
19A to 19D.

[0124] Referring to FIGS. 19A to 19D, the Nth scan signal
SCAN(N) and the switch control signal MUX define a
threshold voltage sensing time of the driving TFT DT. A
threshold voltage sensing value of the pixels is affected by
a voltage of the data signal supplied in an ON-time period
of the demultiplexer 112 and an ON-time period of the scan
signal synchronized with the data signal. The ON-time
period of the demultiplexer 112 is determined by the switch
control signal MUX. A threshold voltage sensing time of the
pixels may be determined by a multiplication of the ON-
time period of the switch control signal MUX and the
ON-time period of the scan signal SCAN(N). In FIGS. 19A
to 19D, “Sensing(R)” denotes a threshold voltage sensing
time of a driving TFT DT of the R subpixel, and “Sensing
(G)” denotes a threshold voltage sensing time of a driving
TFT DT of the G subpixel.

[0125] The ON-time period of the switch control signal
MUX is divided into a first portion FH corresponding to a
first half of the pulse and a second portion SH corresponding
to a second half of the pulse. In the same manner as the
switch control signal MUX, the ON-time period of the scan
signal SCAN(N) is divided into a first portion FH corre-
sponding to a first half of the pulse and a second portion SH
corresponding to a second half of the pulse. In the following
description, a first scan signal SCAN1 and the switch control
signals MUX1 and MUX2 are abbreviated as reference
marks.

[0126] The SCAN1 generated in the first frame period
FR1 is synchronized with data signals R and G applied to the
subpixels of the first pixel line LINE1. The data signal R is
supplied to the first data line D1 through the first switch
element M1, which is turned on in response to the MUX2,
and is supplied to the R subpixel in the first portion FH of
the SCANT1. The data signal G is supplied to the second data
line D2 through the second switch element M2, which is
turned on in response to the MUX1, and is supplied to the
G subpixel in the second portion SH of the SCANI. The R
subpixel operates in the same manner as the first subpixel
101A in the first frame period FR1. Because the R subpixel
starts to be charged with the voltage of the data signal from
an overlap period of the second portion SH of the MUX2
and the first portion FH of the SCANI in the first frame
period FR1, the R subpixel senses the threshold voltage of
the driving TFT during about one horizontal period 1H and
compensates for the data voltage as much as the sensed
threshold voltage. On the other hand, the G subpixel oper-
ates in the same manner as the second subpixel 101B in the
first frame period FR1. Because the G subpixel starts to be
charged with the voltage of the data signal from an overlap
period of the first portion FH of the MUX1 and the second
portion SH of the SCANI in the first frame period FR1, the
G subpixel senses the threshold voltage of the driving TFT
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during about %4 horizontal period (*/2)H and compensates for
the data voltage as much as the sensed threshold voltage.

[0127] The SCAN1 generated in the second frame period
FR2 is synchronized with data signals R and G applied to the
subpixels of the first pixel line LINE1. The data signal R is
supplied to the first data line D1 through the first switch
element M1, which is turned on in response to the MUX1,
and is supplied to the R subpixel in the second portion SH
of the SCANI. The data signal G is supplied to the second
data line D2 through the second switch element M2, which
is turned on in response to the MUX2, and is supplied to the
G subpixel in the first portion FH of the SCAN1. The R
subpixel operates in the same manner as the second subpixel
101B in the second frame period FR2. Because the R
subpixel starts to be charged with the voltage of the data
signal from an overlap period of the first portion FH of the
MUX1 and the second portion SH of the SCAN1 in the
second frame period FR2, the R subpixel senses the thresh-
old voltage of the driving TFT during about Y2 horizontal
period (Y2)H and compensates for the data voltage as much
as the sensed threshold voltage. On the other hand, the G
subpixel operates in the same manner as the first subpixel
101A in the second frame period FR2. Because the G
subpixel starts to be charged with the voltage of the data
signal from an overlap period of the second portion SH of
the MUX2 and the first portion FH of the SCAN1 in the
second frame period FR2, the G subpixel senses the thresh-
old voltage of the driving TFT during about one horizontal
period 1H and compensates for the data voltage as much as
the sensed threshold voltage.

[0128] The SCAN1 generated in the third frame period
FR3 is synchronized with data signals R and G applied to the
subpixels of the first pixel line LINE1. The data signal R is
supplied to the first data line D1 through the first switch
element M1, which is turned on in response to the MUX2,
and is supplied to the R subpixel in the second portion SH
of the SCANL1. The data signal G is supplied to the second
data line D2 through the second switch element M2, which
is turned on in response to the MUX1, and is supplied to the
G subpixel in the first portion FH of the SCAN1. The R
subpixel operates in the same manner as the second subpixel
101B in the third frame period FR3. Because the R subpixel
starts to be charged with the voltage of the data signal from
an overlap period of the first portion FH of the MUX2 and
the second portion SH of the SCAN1 in the third frame
period FR3, the R subpixel senses the threshold voltage of
the driving TFT during about V2 horizontal period (V2)H and
compensates for the data voltage as much as the sensed
threshold voltage. On the other hand, the G subpixel oper-
ates in the same manner as the first subpixel 101A in the
third frame period FR3. Because the G subpixel starts to be
charged with the voltage of the data signal from an overlap
period of the second portion SH of the MUX1 and the first
portion FH of the SCANI in the third frame period FR3, the
G subpixel senses the threshold voltage of the driving TFT
during about one horizontal period 1H and compensates for
the data voltage as much as the sensed threshold voltage.

[0129] The SCANI1 generated in the fourth frame period
FR4 is synchronized with data signals R and G applied to the
subpixels of the first pixel line LINE1. The data signal R is
supplied to the first data line D1 through the first switch
element M1, which is turned on in response to the MUX1,
and is supplied to the R subpixel in the first portion FH of
the SCANI. The data signal G is supplied to the second data
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line D2 through the second switch element M2, which is
turned on in response to the MUX2, and is supplied to the
G subpixel in the second portion SH of the SCANT1. The R
subpixel operates in the same manner as the first subpixel
101A in the fourth frame period FR4. Because the R
subpixel starts to be charged with the voltage of the data
signal from an overlap period of the second portion SH of
the MUX1 and the first portion FH of the SCAN1 in the
fourth frame period FR4, the R subpixel senses the threshold
voltage of the driving TFT during about one horizontal
period 1H and compensates for the data voltage as much as
the sensed threshold voltage. On the other hand, the G
subpixel operates in the same manner as the second subpixel
101B in the fourth frame period FR4. Because the G
subpixel starts to be charged with the voltage of the data
signal from an overlap period of the first portion FH of the
MUX2 and the second portion SH of the SCAN1 in the
fourth frame period FR4, the G subpixel senses the threshold
voltage of the driving TFT during about %5 horizontal period
(¥2)H and compensates for the data voltage as much as the
sensed threshold voltage.

[0130] When the R subpixel is driven in the method
illustrated in FIGS. 19A to 19D, a threshold voltage sensing
time of the R subpixel in the first to fourth frame periods
FR1 to FR4 is as follows:

[0131] FR1: (SH of MUX2)x(FH of SCANI1)
[0132] FR2: (FH of MUX1)x(SH of SCAN1)
[0133] FR3: (FH of MUX2)x(SH of SCAN1)
[0134] FR4: (SH of MUX1)x(FH of SCAN1)
[0135] When the R subpixel is driven in the method

illustrated in FIGS. 19A to 19D, a threshold voltage sensing
time of the driving TFT DT in the first to fourth frame
periods FR1 to FR4 is changed to long->short->short->long.
The threshold voltage sensing time is affected by the ON-
time period of the switch control signal MUX and the
ON-time period of the scan signal SCAN(N) as described
above. When the threshold voltage sensing time is more
affected by the ON-time period of the switch control signal
MUX (i.e., the ON-time period of the demultiplexer 112),
the threshold voltage sensing time is changed to short-
>long->short->long when the subpixels are driven in order
of the following frame periods FR1->FR2->FR3->FR4.
Hence, a cycle of the threshold voltage sensing time is short.
When the threshold voltage sensing time is more affected by
the ON-time period of the scan signal SCAN(N), the thresh-
old voltage sensing time is changed to short->long->long-
>short when the subpixels are driven in order of the follow-
ing frame periods FR1->FR2->FR3->FR4. Hence, the cycle
of the threshold voltage sensing time increases. When the
subpixels are driven in order of the following frame periods
FR1->FR2->FR4->FR3, the threshold voltage sensing time
is changed to short->long->short->long.

[0136] As described above, the pixels according to the
aspects of the disclosure are driven in the initialization
operation, the operation of sensing the threshold voltage and
writing data in the driving element, and the emission opera-
tion. Thus, the aspects of the present disclosure can com-
pensate for the threshold voltage of each of the driving
elements included in all the pixels and achieve the uniform
luminance.

[0137] The aspects of the disclosure time-divide the data
signals output through one output terminal of the data driver
and distribute the divided data signals to the data lines
through the demultiplexer. Further, the aspects of the dis-
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closure supply the predetermined reference voltage using the
switch array at the moment, when the data line is floated, in
the operation of sensing the threshold voltage and writing
data in the driving element. As a result, the aspects of the
disclosure can prevent malfunction of the subpixels resulting
from the parasitic capacitance

[0138] The aspects of the disclosure can implement the
compensation circuit in which there is no difference in a
sensing time of the threshold voltage of the driving element
between the pixels, by properly combining the ON-time
period of the demultiplexer and the ON-time period of the
gate signal (or the scan signal) every a predetermined time.
Hence, the aspects of the disclosure can implement the
image quality in which there is no difference in the lumi-
nance between all the pixels.

[0139] Although aspects have been described with refer-
ence to a number of illustrative aspects thereof, it should be
understood that numerous other modifications and aspects
can be devised by those skilled in the art that will fall within
the scope of the principles of this disclosure. More particu-
larly, various variations and modifications are possible in the
component parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure, the
drawings and the appended claims. In addition to variations
and modifications in the component parts and/or arrange-
ments, alternative uses will also be apparent to those skilled
in the art.

What is claimed is:

1. A display panel connected to a data driver sequentially
outputting a first data signal and a second data signal through
an output terminal of the data driver, comprising:

a first data line charged with the first data signal;

a second data line charged with the second data signal;

a first subpixel connected to the first data line;

a second subpixel connected to the second data line;

a gate line commonly connected to the first and second
subpixels and simultaneously supplying a gate signal to
the first and second subpixels;

a demultiplexer connecting the output terminal of the data
driver to the first data line using a plurality of MUX
switch elements and connecting the output terminal of
the data driver to the second data line using the plurality
of MUX switch elements; and

a switch array supplying a reference voltage to the second
data line when the output terminal of the data driver is
connected to the first data line by the demultiplexer
using a plurality of REF switch elements.

2. The display panel of claim 1, wherein the demultiplexer

further comprises:

a first MUX switch element connecting the output termi-
nal to the first data line in response to a first MUX
switch control signal; and

a second MUX switch element connecting the output
terminal to the second data line in response to a second
MUX switch control signal,

wherein each of the first and second MUX switch control
signals is generated as a pulse having an ON-time
period of a %4 horizontal period or a one horizontal
period,

wherein the second MUX switch control signal is gener-
ated subsequent to the first MUX switch control signal.

3. The display panel of claim 2, wherein the first MUX
switch control signal and the second MUX switch control
signal are inverted every frame period.
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4. The display panel of claim 2, wherein the first MUX
switch control signal and the second MUX switch control
signal are inverted every horizontal period and are inverted
every frame period.

5. The display panel of claim 2, wherein the switch array
further comprises:

a first REF switch element supplying the reference volt-
age to the first data line in response to a first REF switch
control signal; and

a second REF switch element supplying the reference
voltage to the second data line in response to a second
REF switch control signal,

wherein the first REF switch control signal and the first
MUZX switch control signal are generated in antiphase,

wherein the second REF switch control signal and the
second MUX switch control signal are generated in
antiphase.

6. The display panel of claim 2, wherein the switch array
includes an REF switch element supplying the reference
voltage to the second data line in response to an REF switch
control signal.

7. The display panel of claim 2, wherein each of the first
and second subpixels includes a pixel circuit,

wherein the pixel circuit includes a driving element for
driving a light emitting element and a plurality of
switch elements,

wherein the pixel circuit is initialized in an initialization
operation, senses a threshold voltage of the driving
element in a sensing operation, and emits light in an
emission operation.

8. The display panel of claim 7, wherein the gate signal
includes an (N-1)th scan signal, an Nth scan signal genet-
ated subsequent to the (N-1)th scan signal, and an emission
switching signal controlling a current path of the light
emitting element, where N is a positive integer greater than
Zero,

wherein the gate line includes a first gate line supplied
with the Nth scan signal, a second gate line supplied
with the emission switching signal, and a third gate line
supplied with the (N-1)th scan signal.

9. The display panel of claim 8, wherein the light emitting
element includes an emission layer between an anode and a
cathode,

wherein the driving element includes a transistor includ-
ing a first electrode connected to a first node, a second
electrode connected to a fourth node, and a gate con-
nected to a third node,

wherein each switch element of the pixel circuit includes
a transistor.

10. The display panel of claim 9, wherein the pixel circuit

further comprises:

a capacitor between a second node supplied with a pixel
driving voltage and the third node;

a first switch element configured to connect the first data
line or the second data line to the first node in response
to the Nth scan signal,

a second switch element connecting the third node to the
fourth node in response to the Nth scan signal,

a third switch element connecting the second node to the
first node in response to the emission switching signal;

a fourth switch element connecting the fourth node to a
sixth node connected to the anode of the light emitting
element in response to the emission switching signal,
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a fifth switch element connecting the third node to a fifth
node supplied with the reference voltage in response to
the (N=1)th scan signal; and

a sixth switch element connecting the fifth node to the
sixth node in response to the (N-1)th scan signal.

11. The display panel of claim 10, wherein in the initial-
ization operation, a pulse of an ON-time period in the
(N-1)th scan signal is generated, and the fifth switch ele-
ment and the sixth switch element are turned on,

wherein in the sensing operation, a pulse of an ON-time
period in the Nth scan signal is generated, and the first
switch element and the second switch element are
turned on,

wherein in the emission operation, the third switch ele-
ment and the fourth switch element are turned on due
to an ON-time period of the emission switching signal.

12. The display panel of claim 11, wherein the sensing
operation includes:

a first period in which the first data signal is supplied to
the first data line, and the reference voltage is supplied
to the second data line; and

a second period in which the second data signal is
supplied to the second data line, and the first data line
is floated or supplied with the reference voltage.

13. An electroluminescent display comprising:

a data driver sequentially outputting a first data signal and
a second data signal through an output terminal of the
data driver;

a first data line charged with the first data signal;

a second data line charged with the second data signal,

a first subpixel connected to the first data line;

a second subpixel connected to the second data line;

a gate line commonly connected to the first and second
subpixels and simultaneously supplying a gate signal to
the first and second subpixels;

a demultiplexer connecting the output terminal of the data
driver to the first data line using a plurality of MUX
switch elements and connecting the output terminal of
the data driver to the second data line using the plurality
of MUX switch elements; and

a switch array supplying a reference voltage to the second
data line when the output terminal of the data driver is
connected to the first data line by the demultiplexer
using a plurality of REF switch elements,

wherein each of the first and second subpixels includes a
pixel circuit,

wherein the pixel circuit includes a driving element for
driving a light emitting element and a plurality of
switch elements,

wherein the pixel circuit 1s initialized in an initialization
operation, senses a threshold voltage of the driving
element in a sensing operation, and emits light in an
emission operation.

14. The electroluminescent display of claim 13, wherein

the demultiplexer further comprises:
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a first MUX switch element connecting the output termi-
nal to the first data line in response to a first MUX
switch control signal; and

a second MUX switch element connecting the output
terminal to the second data line in response to a second
MUX switch control signal,

wherein each of the first and second MUX switch control
signals is generated as a pulse having an ON-time
period of a %2 horizontal period or a one horizontal
period,

wherein the second MUX switch control signal is gener-
ated subsequent to the first MUX switch control signal.

15. The electroluminescent display of claim 14, wherein
the first MUX switch control signal and the second MUX
switch control signal are inverted every frame period.

16. The electroluminescent display of claim 14, wherein
the first MUX switch control signal and the second MUX
switch control signal are inverted every horizontal period
and are inverted every frame period.

17. The electroluminescent display of claim 14, wherein
the switch array further comprises:

a first REF switch element supplying the reference volt-
age to the first data line in response to a first REF switch
control signal; and

a second REF switch element supplying the reference
voltage to the second data line in response to a second
REF switch control signal,

wherein the first REF switch control signal and the first
MUX switch control signal are generated in antiphase,

wherein the second REF switch control signal and the
second MUX switch control signal are generated in
antiphase.

18. The electroluminescent display of claim 17, wherein
the switch array includes an REF switch element supplying
the reference voltage to the second data line in response to
an REF switch control signal.

19. The electroluminescent display of claim 18, wherein
the gate signal includes an (N-1)th scan signal, an Nth scan
signal generated subsequent to the (N-1)th scan signal, and
an emission switching signal controlling a current path of
the light emitting element, where N is a positive integer
greater than zero,

wherein the gate line includes a first gate line supplied
with the Nth scan signal, a second gate line supplied
with the emission switching signal, and a third gate line
supplied with the (N-1)th scan signal.

20. The electroluminescent display of claim 13, wherein

the sensing operation includes:

a first period in which the first data signal is supplied to
the first data line, and the reference voltage is supplied
to the second data line; and

a second period in which the second data signal is
supplied to the second data line, and the first data line
is floated or supplied with the reference voltage.
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