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(7) ABSTRACT

An electroluminescent display including pixels arranged in
a matrix is disclosed. Each pixel includes a pixel circuit
configured to sample a threshold voltage of a driving ele-
ment for driving a light emitting element and compensate for
a data voltage. The pixel circuit includes a first switch
element connected to a data voltage path supplied with the
data voltage, a second switch element connected to a refer-
ence voltage path supplied with a predetermined reference
voltage, a third switch element cornected between a gate of
the driving element and the first and second switch elements,
a fourth switch element connected to an initialization volt-
age path supplied with a predetermined initialization volt-
age, and a fifth switch element connected to a power path
supplied with a predetermined pixel driving voltage higher
than the reference voltage and the initialization voltage.
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ELECTROLUMINESCENT DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2017-0073298 filed on Jun. 12,
2017, the entire contents of which is incorporated herein by
reference for all purposes as if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an electrolumi-
nescent display including a driving element for driving a
light emitting element.

Discussion of the Related Art

[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 is classified into an
inorganic electroluminescent display and an organic elec-
troluminescent display depending on a material of an emis-
sion 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] An OLED includes an anode electrode, a cathode
electrode, and an organic compound layer between the
anode electrode and the cathode electrode. The organic
compound layer generally includes a hole injection layer
HIL, a hole transport layer HTL, an emission layer EML, an
electron transport layer ETL, and an electron injection layer
EIL. When a power voltage is applied to the anode electrode
and the cathode electrode, holes passing through the hole
transport layer HIL 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.
[0006] Each pixel of the OLED display includes a driving
element for controlling a current flowing in the OLED
depending on pixel data of an input image. 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, the electrical characteristics of the driving ele-
ments may not be uniform 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. An increase in the stress of the driving
element accelerates deterioration of the driving element.
[0007] To compensate for a variation in electrical charac-
teristics between the driving elements, an internal compen-
sation method and an external compensation method may be
applied to the electroluminescent display. The internal com-
pensation method automatically compensates in real time for
a variation in electrical characteristics between the driving
elements of the pixels using a gate-to-source voltage of the
driving element varying depending on the electrical charac-
teristics of the driving element. The external compensation
method senses a voltage of the pixel varying depending on
the electrical characteristics of the driving element and
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modulates data of an input image based on the sensed
voltage using an external circuit, thereby compensating for
a variation in the electrical characteristics between the
driving elements of the pixels.

[0008] A relatively large parasitic capacitance may be
connected to the driving element. The parasitic capacitance
of the driving element may reduce a compensation rate when
the electrical characteristics of the driving element are
compensated. Thus, a reduction (for example, image reten-
tion) in the image quality of the electroluminescent display
may be caused by the parasitic capacitance of the driving
element.

BRIEF SUMMARY

[0009] The present disclosure provides an electrolumines-
cent display capable of reducing an influence of a parasitic
capacitance connected to a driving element such that elec-
trical characteristics of the driving element are compensated.

[0010] Each pixel of an electroluminescent display
according to the present disclosure includes a pixel circuit
configured to sample a threshold voltage of a driving ele-
ment for driving a light emitting element and compensate for
a data voltage.

[0011] The pixel circuit includes a first switch element
connected to a data voltage path supplied with a data
voltage, a second switch element connected to a reference
voltage path supplied with a predetermined reference volt-
age, a third switch element connected between a gate of the
driving element and the first and second switch elements, a
fourth switch element connected to an initialization voltage
path supplied with a predetermined initialization voltage, a
fifth switch element connected to a power path supplied with
a predetermined pixel driving voltage that is higher than the
reference voltage and the initialization voltage, and a storage
capacitor connected between a gate and a source of the
driving element.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0012] 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 specification,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure.

[0013] FIG. 1 is a block diagram of an electroluminescent
display according to an embodiment of the disclosure.

[0014] FIG. 2 is a plan view illustrating a connection
structure of pixels and signal lines in an enlarged part of a
pixel array.

[0015] FIG. 3 illustrates a normal driving mode and a low
power consumption driving mode.

[0016] FIG. 4 is a circuit diagram of a pixel circuit
according to a first embodiment of the disclosure.

[0017] FIGS. 5 and 6 are waveform diagrams illustrating
a method of driving a pixel circuit shown in FIG. 4.

[0018] FIG. 7 is a circuit diagram of a pixel circuit
according to a second embodiment of the disclosure.

[0019] FIGS. 8 and 9 are waveform diagrams illustrating
a method of driving a pixel circuit shown in FIG. 7.
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[0020] FIG. 10 is a circuit diagram illustrating a reduction
in a parasitic capacitance connected to a gate of a driving
element when a second switch element is connected to the
gate of the driving element.

[0021] FIG. 11 is a cross-sectional view of a display panel
illustrating a transistor of a top gate structure and a transistor
of a bottom gate structure.

[0022] FIG. 12 illustrates a method of sensing a threshold
voltage of a switch element in a sensing mode.

[0023] FIG. 13 illustrates a current flowing through first
and fifth switch elements in a sensing mode.

[0024] FIG. 14 illustrates am example where a reference
voltage increases in a sensing mode.

[0025] FIG. 15 is a circuit diagram of a pixel circuit
according to a third embodiment of the disclosure.

[0026] FIGS. 16 and 17 are waveform diagrams illustrat-
ing a method of driving a pixel circuit shown in FIG. 15.
[0027] FIG. 18 is a circuit diagram of a pixel circuit
according to a fourth embodiment of the disclosure.
[0028] FIGS. 19 and 20 are waveform diagrams illustrat-
ing a method of driving a pixel circuit shown in FIG. 18.
[0029] FIG. 21 is a plan view illustrating a planar structure
of a pixel circuit shown in FIG. 4.

[0030] FIG. 22 is a plan view illustrating a planar structure
of a pixel circuit shown in FIG. 7.

DETAILED DESCRIPTION

[0031] Reference will now be made in detail to embodi-
ments of the disclosure, examples of which are illustrated in
the accompanying drawings. However, the present disclo-
sure is not limited to embodiments disclosed below, and may
be implemented in various forms. These embodiments are
provided so that the present disclosure will be 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.
[0032] Shapes, sizes, ratios, angles, number, and the like
illustrated in the drawings for describing embodiments of
the disclosure are merely exemplary, and the present dis-
closure is not limited thereto unless specified as such. Like
reference numerals designate like elements throughout. In
the following description, when a detailed description of
certain functions or configurations related to this document
that may unnecessarily cloud the gist of the invention have
been omitted.

[0033] 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.

[0034] In the explanation of components, even if there is
no separate description, it is interpreted as including margins
of error or an error range.

[0035] 1In 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.

[0036] 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

2 <
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names. For example, in the following embodiments, ordinal
numbers (e.g., first, second, third, and fourth) prefixed to
switch elements and driving elements of a pixel circuit do
not match ordinal numbers prefixed to elements stated in the
claims. For example, a first switch element in embodiments
is a first switch element connected to a data voltage path
supplied with a data voltage in the claims. A fifth switch
element in embodiments is a second switch element con-
nected to a reference voltage path supplied with a reference
voltage in the claims. A second switch element in embodi-
ments is a third switch element connected between a gate of
a driving element and the first and second switch elements
in the claims. A fourth switch element in embodiments is a
fourth switch element connected to an initialization voltage
path supplied with an initialization voltage in the claims. A
third switch element in embodiments is a fifth switch
element connected to a power path supplied with a prede-
termined pixel driving voltage higher than the reference
voltage and the initialization voltage in the claims.

[0037] The features of embodiments of the disclosure can
be partially combined or entirely combined with each other,
and can be technically interlocking-driven in various ways.
The embodiments can be independently implemented, or
can be implemented in conjunction with each other.

[0038] A pixel circuit included in an electroluminescent
display according to embodiments 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 embodiments 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 disclo-
sure is not 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.

[0039] A gate signal of TFTs used as switch elements
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 (or an NMOS), 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 (or a PMOS),
the gate-on voltage may be the gate low voltage VGL, and
the gate-off voltage may be the gate high voltage VGH.
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[0040] 1In the following embodiments, an electrolumines-
cent display will be described using an illustrative example
of organic light emitting diode (OLED) display including an
organic light emitting material. However, the technical idea
of the present disclosure and/or the applicability thereof is
not limited to the OLED display. For example, the present
disclosure may be applied to an inorganic electrolumines-
cent display including an inorganic electroluminescent
material.

[0041] Each of pixel circuits of an electroluminescent
display according to embodiments of the disclosure includes
a compensation circuit. The compensation circuit samples
electrical characteristics, for example, a threshold voltage of
a driving element for driving a light emitting element and
automatically compensates in real time for a data voltage as
much as the sampled threshold voltage, in order to improve
image quality and lifespan of the electroluminescent display.
[0042] Referring to FIGS. 1 to 3, an electroluminescent
display according to an embodiment of the disclosure
includes a display panel 100 and a display panel driving
circuit.

[0043] 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
a plurality of data lines 102, a plurality of gate lines 103
intersecting the data lines 102, and pixels arranged in a
matrix.

[0044] Each pixel may include a red subpixel, a green
subpixel, and a blue subpixel for color implementation. 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 for driving the light
emitting element depending on pixel data of an input image,
one or more switch elements turned on or off in response to
a gate signal, a storage capacitor for sampling a threshold
voltage of the driving element, and the like. The driving
element and the switch element may be implemented as
n-type or p-type TFTs, NMOS or PMOS transistors.
[0045] The display panel 100 may further include a first
power line for supplying a pixel driving voltage or a high
potential driving voltage VDD to the subpixels 101, a
second power line for supplying an initialization voltage
VIM to the subpixels 101, a VSS electrode for supplying a
low potential power voltage VSS to the pixels, a third power
line for supplying a reference voltage Vref to the subpixels
101, and the like. The power lines and the VSS electrode are
connected to a power circuit (not shown). The VDD is a
voltage higher than the VSS, the VINI, and the Vref.
[0046] Touch sensors may be disposed on the display
panel 100. A touch input may be sensed using separate touch
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.
[0047] The display panel driving circuit includes a data
driver 110 and a gate driver 120. A demultiplexer 112 may
be disposed between the data driver 110 and the data lines
102.

[0048] The display panel driving circuit (110, 112, and
120) writes data of an input image to the pixels of the display
panel 100 under the control of a timing controller 130.
[0049] The display panel driving circuit may further
include a touch sensor driver for driving the touch sensors.
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The touch sensor driver is omitted in FIG. 1. In mobile
devices or wearable devices, the display panel driving
circuit, the timing controller 130, and the power circuit may
be integrated into one integrated circuit.

[0050] The data driver 110 converts pixel data of an input
image received from the timing controller 130 into a gamma
compensation voltage and generates a data signal. The data
driver 110 outputs a voltage (hereinafter referred to as “data
voltage”) of the data signal in each channel through an
output buffer. The demultiplexer 112 is disposed between the
data driver 110 and the data lines 102 using a plurality of
switch elements and distributes the data voltage output from
the data driver 110 to the data lines 102. Because each
channel of the data driver 110 is dividedly connected to the
plurality of data lines 102 by the demultiplexer 112, the
number of data lines 102 can decrease.

[0051] The gate driver 120 may be implemented as a GIP
(gate-in panel) circuit directly formed in a bezel area of the
display panel 100 together with a TFT array in the active
area AA of the display panel. The bezel area is a non-display
area outside the active area on the display panel 100. 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.
As shown in FIG. 5, the gate signal includes scan signals
SCAN1 to SCAN3 and an emission control signal (herein-
after referred to as “EM signal™).

[0052] The gate driver 120 may include a first gate driver
121 and a second gate driver 122. The first gate driver 121
outputs the scan signals SCAN1 to SCAN3 and shifts the
scan signals SCAN1 to SCAN3 in response to a shift clock.
The second gate driver 122 outputs the EM signal and
sequentially shifts the EM signal EM in response to the shift
clock. In case of a display device not having a bezel area, at
least some or all of switch elements constituting the first and
second gate drivers 121 and 122 may be dividedly disposed
in the active area AA.

[0053] 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, a wearable device, and other
systems that include or operate in conjunction with a display
device.

[0054] Inanormal driving mode, the timing controller 130
may control a frame rate to be higher than an input frame
frequency. For example, the timing controller 130 multiplies
the input frame frequency by “i” and can control operation
timing of the display panel driving circuit (110, 112, and
120) at a frame frequency of (input frame frequencyxi) Hz,
where “1” 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 a national television standards
committee (NTSC) scheme. In a low power consumption
driving mode, the timing controller 130 may reduce the
frame frequency to 1 Hz to 30 Hz to reduce a refresh rate of
the pixels.

[0055] The timing controller 130 generates a data timing
control signal for controlling operation timing of the data
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driver 110, a switch control signal for controlling operation
timing of the demultiplexer 112, 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. A voltage level of the gate
timing control signal 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 into a gate
low voltage VGL and converts a high level voltage of the
gate timing control signal into a gate high voltage VGH.
[0056] As shown in FIG. 3, in the normal driving mode,
the display panel driving circuit (110, 112, and 120) writes
data of an input image to the pixels in each frame period and
thus writes new data to the pixels in each frame period. On
the contrary, in the low power consumption driving mode,
the display panel driving circuit (110, 112, and 120) reduces
the frame rate. As a result, in the low power consumption
driving mode, a driving frequency of the display panel
driving circuit (110, 112, and 120) and a driving frequency
of the display panel 100 are reduced, and power consump-
tion is reduced.

[0057] In the normal driving mode, the frame rate may be
set to 60 Hz. In the normal driving mode, the display panel
driving circuit (110, 112, and 120) writes data of 60 frames
per second to the pixels. The driving frequency of the
display panel driving circuit (110, 112, and 120) and driving
frequencies of the pixels in the low power consumption
driving mode are lower than those in the normal driving
mode in which an image is displayed on the screen. For
example, in the low power consumption driving mode, the
frame rate may be reduced to 1 Hz. Image data written to the
pixels in the low power consumption driving mode is
updated to a lower frequency than the normal driving mode.
In an example illustrated in FIG. 3, in the low power
consumption driving mode, the display panel driving circuit
(110, 112, and 120) writes data of an input image to the
pixels in a first frame period (16.67 ms) among 60 frame
periods and outputs no data during remaining 59 frame
periods. In the low power consumption driving mode, the
pixels write data once per second in the first frame period
and maintain an image displayed with the data voltage
stored in the storage capacitor for most of remaining time.
[0058] FIG. 4 is a circuit diagram of a pixel circuit
according to a first embodiment of the disclosure. The pixel
circuit shown in FIG. 4 includes an internal compensation
circuit using a plurality of switch elements. FIG. 5 is a
waveform diagram illustrating a method of driving the pixel
circuit shown in FIG. 4. FIG. 6 is a waveform diagram
illustrating gate signals applied to pixels shown in FIG. 2.
[0059] Referring to FIGS. 4 to 6, the pixel circuit accord-
ing to the first embodiment of the disclosure includes a
driving element Tdr connected to a light emitting element
EL, first to fifth switch elements T1 to T5, a storage
capacitor Cst, and other components. The high potential
driving voltage VDD is supplied to the pixel circuit through
a first power line 21. The initialization voltage VINI is
supplied to the pixel circuit through a second power line 22.
The low potential power voltage VSS is supplied to the pixel
circuit through a VSS electrode 23. The Vref is supplied to
the pixel circuit through a third power line 1021.

[0060] Each of the first and fifth switch elements T1 to T5
may be implemented as an oxide TFT including an oxide
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semiconductor pattern. The oxide TFT may be formed as an
NMOS of a bottom gate structure in which a gate is disposed
below the oxide semiconductor pattern. Because a leakage
current generated in an off-state of the oxide TFT is small,
the oxide TFT can reduce the power consumption and also
prevent a voltage reduction of the pixel resulting from the
leakage current. As a result, the oxide TFT can increase a
flicker prevention effect.

[0061] Each of the driving element Tdr and the second to
fourth switch elements T2 to T4 may be implemented as a
low-temperature polycrystalline silicon (UTPS) TFT. The
LTPS TFT has high charge mobility and excellent reliability.
The LTPS TFT may be formed as a PMOS of a top gate
structure in which a gate is disposed on a semiconductor
pattern.

[0062] The light emitting element EL. may be imple-
mented as an OLED. The OLED emits light with a current
that is controlled depending on a data voltage Vdata by the
driving element Tdr. The OLED includes an organic com-
pound layer between an anode and a cathode. The anode of
the OLED is connected to the driving element Tdr and the
fourth switch element T4 via a third node n3. The cathode
of the OLED is connected to the VSS electrode 23. The
organic compound layer may include a hole injection layer
HIL, a hole transport layer HTL, an emission layer EML, an
electron transport layer ETL, and an electron injection layer
EIL. However, embodiments are not limited thereto. The
storage capacitor Cst is connected between a gate and a
source (or referred to as “first electrode”) of the driving
element Tdr through a 1-2 node n12 and a second node n2.

[0063] The first switch element T1 supplies the data volt-
age Vdata to a 1-1 node nll in response to the first scan
signal SCANI for a data writing time Tw. The first switch
element T1 includes a gate connected to a first gate line 1031
supplied with the first scan signal SCANI, a first electrode
connected to a data line 1022, and a second electrode
connected to the 1-1 node n11.

[0064] The fifth switch element T5 supplies the Vref to the
1-1 node n11 in response to the second scan signal SCAN2
for an initialization time Ti and a sampling time Ts prior to
the data writing time Tw. The Vref is set to a voltage lower
than the VDD. The fifth switch element T5 includes a gate
connected to a fifth gate line 1035 supplied with the second
scan signal SCAN2, a first electrode connected to the third
power line 1021, and a second electrode connected to the 1-1
node nll.

[0065] The second switch element T2 connects the 1-1
node nll to the 1-2 node n12 in response to the third scan
signal SCANS3 for the initialization time Ti and the sampling
time Ts. The 1-1 node nll is connected to the second
electrode of the first switch element T1 and the second
electrode of the fifth switch element T5. The 1-2 node n12
is connected to the gate of the driving element Tdr and a first
electrode of the storage capacitor Cst. A second electrode of
the storage capacitor Cst is connected to the second node n2.
The second switch element T2 includes a gate connected to
a second gate line 1032 supplied with the third scan signal
SCANS3, a first electrode connected to the 1-1 node n11, and
a second electrode connected to the 1-2 node nl2. The
second switch element T2 reduces a parasitic capacitance
connected to the gate of the driving element Tdr for the
initialization time Ti and the sampling time Ts. This will be
further described in detail with reference to FIGS. 10 and 11.
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[0066] The third switch element T3 switches a current
path between the first power line 21 supplied with the VDD
and the driving element Tdr in response to the EM signal
EM. The third switch element T3 includes a gate connected
to a third gate line 1033 supplied with the EM signal EM, a
first electrode to which the VDD is applied through the first
power line 21, and a second electrode connected to the
second node n2. A capacitor Cvdd may be formed between
the first electrode and the second electrode of the third
switch element T3.

[0067] The fourth switch element T4 supplies the VINI to
the third node n3 in response to an inverted second scan
signal /SCAN2 for the initialization time Ti and the sam-
pling time Ts. The inverted second scan signal /SCAN2 is an
antiphase signal of the second scan signal SCAN2. The
fourth switch element T4 includes a gate connected to a
fourth gate line 1034 supplied with the inverted second scan
signal /SCAN2, a first electrode to which the VINI is applied
through the second power line 22, and a second electrode
connected to the third node n3.

[0068] The driving element Tdr controls the current of the
light emitting element EL. depending on a source-to-gate
voltage Vsg for an emission time Tem. The driving element
Tdr includes a gate connected to the 1-2 node n12, a first
electrode connected to the second node n2, and a second
electrode connected to the third node n3.

[0069] Embodiments of the disclosure separate a data
voltage path and a reference voltage path connected to the
pixel circuits using the switch elements T1 and T5. When the
data voltage path and the reference voltage path are sepa-
rated from each other as described above, the sampling time
Ts in which the Vref is applied to the pixel circuits can be
secured to a period of time (for example, two or more
horizontal periods 2H) longer than one horizontal period 1H.
The sampling time Ts is time required to sense electrical
characteristics of the driving element Tdr, for example, a
threshold voltage Vth of the driving element Tdr. When the
sampling time Ts is too short, the electrical characteristics of
the driving element Tdr may be inaccurately sensed. Hence,
the electrical characteristics of the driving element Tdr
cannot be compensated if the sampling time Ts is too short.
[0070] One horizontal period 1H is time required to write
data to pixels of one pixel line on the active area of display
panel 100. One horizontal period 1H is the same as one cycle
of each of the horizontal sync signal Hsync and the data
enable signal DE. Data writing times Tw of pixel lines
LINE1 and LINE2 (see FIG. 2) of the display panel 100 have
to be separated from each other, so that data can be indi-
vidually written to the pixel lines LINE1 and LINE2. When
a data voltage path and a reference voltage path of the pixel
circuit are separated, the sampling time Ts can be set to be
longer than the data writing time Tw. Therefore, the sam-
pling time Ts can be sufficiently secured in high resolution
and high speed display panels in which one horizontal
period 1H has a relatively short length. On the other hand,
when a data voltage path and a reference voltage path share
one data line, the sampling time Ts is shorter than one
horizontal period 1H because the sampling time Ts and the
data writing time Tw are time-divided within one horizontal
period 1H. As a result, the sampling time Ts may be
considerably insufficient in the high resolution and high
speed display panels.

[0071] A gate signal applied to pixels of the first pixel line
LINE1 is SCAN1(1), SCAN2(1), SCAN3(1) and EM(1) of
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FIG. 6. A gate signal applied to pixels of the second pixel
line LINE2 is SCAN1(2), SCAN2(2), SCAN3(2) and EM(2)
of FIG. 6. The first scan signals SCAN1(1) and SCAN1(2)
define the data writing time Tw. The first scan signals
SCAN1(1) and SCAN1(2) do not overlap each other so that
data can be individually written to the adjacent pixel lines
LINE1 and LINE2.

[0072] The second scan signals SCAN2(1) and SCAN2(2)
define the initialization time Ti and the sampling time Ts.
When sampling times Ts of the adjacent pixel lines LINE1
and LINE2 overlap each other, there is no data crosstalk
between the adjacent pixel lines LINE1 and LINE2. A pulse
width of the second scan signals SCAN2(1) and SCAN2(2)
is greater than a pulse width of the first scan signals
SCAN1(1) and SCAN1(2). Pulses of the second scan signals
SCAN2(1) and SCAN2(2) in the adjacent pixel lines LINE1
and LINE2 overlap each other.

[0073] Pulses of the third scan signals SCAN3(1) and
SCAN3(2) are generated for the initialization time Ti, the
sampling time Ts, and the data writing time Tw. A pulse
width of the third scan signals SCAN3(1) and SCAN3(2) is
greater than the pulse width of the second scan signals
SCAN2(1) and SCAN2(2). Pulses of the third scan signals
SCAN3(1) and SCAN3(2) in the adjacent pixel lines LINE1
and LINE2 overlap each other.

[0074] Referring to FIGS. 5 and 6, when the initialization
time Ti starts, a voltage of the second scan signal SCAN2 is
inverted from the VGL to the VGH. On the contrary, when
the initialization time Ti starts, voltages of the inverted
second scan signal /SCAN2 and the third scan signal
SCAN3 are inverted from the VGH to the VGL. Voltages of
the first scan signal SCAN1 and the EM signal EM are held
at the VGL for the initialization time Ti. The first and fifth
switch elements T1 and T5 are NMOS transistors, and the
other switch elements T2, T3 and T4 and the driving element
Tdr are PMOS transistors. Thus, in the initialization time Ti,
the second to fifth switch elements T2, T3, T4 and T5 are
turned on, and the nodes nl1, n12, n2 and n3 of the pixel
circuit are initialized. In this instance, a gate voltage Vg of
the driving element Tdr is initialized to the Vref. A drain
voltage Vs of the driving element Tdr is initialized to the
VINI, and a source voltage Vs of the driving element Tdr is
initialized to the VDD. The VDD may be 7V, the Vref may
be 3V, the Vini may be -3V, and the VSS may be OV.
However, embodiments are not limited thereto. The power
voltages may vary depending on driving characteristics and
a driving environment of the display panel.

[0075] When the sampling time Ts starts, the voltage of
the EM signal EM is inverted to the VGH, and each of the
scan signals SCAN1, SCAN2, /SCAN2 and SCAN3 is held
at a voltage of a previous state. The first and fifth switch
elements T1 and T5 are NMOS transistors, and the other
switch elements T2, T3 and T4 and the driving element Tdr
are PMOS transistors. Thus, in the sampling time Ts, the
second, fourth, and fifth switch elements T2, T4 and T5 are
turned on, and the first and third switch elements T1 and T3
are turned off. For the sampling time Ts, a source-to-gate
voltage Vsg of the driving element Tdr increases by a
threshold voltage Vth of the driving element Tdr, and the
threshold voltage Vth is stored in the storage capacitor Cst.
In this instance, a gate voltage Vg of the driving element Tdr
is the Vref, and a source voltage Vs of the driving element
Tdr is Vref+/Vthl. The sampling time Ts is longer than the
data writing time Tw. For example, the data writing time Tw
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may be one horizontal period 1H, and the sampling time Ts
may be two horizontal periods 2H.

[0076] When the data writing time Tw starts, the voltages
of the first scan signal SCAN1 and the inverted second scan
signal /SCAN2 are inverted to the VGH. When the data
writing time Tw starts, the voltage of the second scan signal
SCAN2 is inverted to the VGL. Each of the third scan signal
SCANS3 and the EM signal EM is held at a voltage of a
previous state. The first and fifth switch elements T1 and T5
are NMOS transistors, and the other switch elements T2, T3
and T4 and the driving element Tdr are PMOS transistors.
Thus, in the data writing time Tw, the first and second switch
elements T1 and T2 are turned on, and the other switch
elements T3, T4 and T5 are turned off. In the data writing
time Tw, the source-to-gate voltage Vsg of the driving
element Tdr is changed to the data voltage Vdata that is
compensated as much as the threshold voltage Vth of the
driving element Tdr. In this instance, the gate voltage Vg of
the driving element Tdr is the data voltage Vdata, and the
source voltage Vs of the driving element Tdr is Vref+/Vthl+
Cst/(Cst+CVdd)*(Vdata-Vref).

[0077] When the emission time Tem starts, the voltages of
the first scan signal SCANI1 and the EM signal EM are
inverted to the VGL, and the voltage of the third scan signal
SCAN3 is inverted to the VGH. Each of the second scan
signal SCAN2 and the inverted second scan signal /SCAN2
is held at a voltage of a previous state. The first and fifth
switch elements T1 and T5 are NMOS transistors, and the
other switch elements T2, T3 and T4 and the driving element
Tdr are PMOS transistors. Thus, in the emission time Tem,
the third switch element T3 is turned on, and the other switch
elements T1, T2, T4 and T5 are turned off.

[0078] For the emission time Tem, a current Ioled flows in
the light emitting element EL depending on the source-to-
gate voltage Vsg of the driving element Tdr, and the light
emitting element EL can emit light with the current Ioled.
For the emission time Tem, the EM signal EM may be
generated as an AC signal swinging between the gate-on
voltage and the gate-off voltage depending on a predeter-
mined pulse width modulation (PWM) duty ratio (unit: %).
When the turn-on and the turn-off of the light emitting
element EL are repeatedly performed depending on the
predetermined PWM duty ratio for the emission time Tem,
a flicker and image retention can be prevented or reduced.
[0079] The current Ioled flowing in the light emitting
element EL through the driving element Tdr is expressed by
the following equation: Ioled=k*(Vsg-IIVthl)*>=k*(VDD-
Vdata-Cst/(Cst+Cp)*(VDD-Vref-Cst/(Cst+CVdd)*
(Vdata—Vref)-IVthl). In the above equation, “k” is a con-
stant determined by a channel ratio W/L, a parasitic
capacitance, and mobility of the driving element Tdr, and
“Cp” is a parasitic capacitance connected between the
second switch element T2 and the gate of the driving
element Tdr. As can be seen from the above equation, as the
parasitic capacitance Cp increases, a compensation rate of
the threshold voltage Vith is reduced. According to the first
embodiment of the disclosure, because the parasitic capaci-
tance Cp may be regarded as zero, there is no reduction in
the compensation rate of the threshold voltage Vth.

[0080] When the second switch element T2 is formed as
the LTPS TFT of the top gate structure as shown in FI1G. 11,
a gate G1 and a source S1 of the second switch element T2
do not overlap each other, and the gate G1 and a drain D1
of the second switch element T2 do not overlap each other.
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As a result, because the parasitic capacitance Cp of the
second switch element T2 is close to zero, an influence of the
parasitic capacitance Cp can be minimized as shown in (c)
of FIG. 10. As the influence of the parasitic capacitance Cp
increases, the threshold voltage compensation rate of the
driving element Tdr decreases. The pixel circuit according to
the first embodiment of the disclosure can increase the
threshold voltage compensation rate of the driving element
Tdr because the parasitic capacitance Cp connected to the
gate of the driving element Tdr is minimized in the initial-
ization time Ti and the sampling time Ts. As a result, the first
embodiment of the disclosure can prevent a reduction in the
image quality and the image retention caused by a reduction
in the compensation rate of the threshold voltage Vth of the
driving element Tdr.

[0081] FIG. 7 is a circuit diagram of a pixel circuit
according to a second embodiment of the disclosure. FIGS.
8 and 9 are waveform diagrams illustrating a method of
driving the pixel circuit shown in FIG. 7. Structures and
components identical or equivalent to those described in the
first embodiment may be briefly made or may be entirely
omitted in the second embodiment.

[0082] Referring to FIGS. 7 to 9, the pixel circuit accord-
ing to the second embodiment of the disclosure includes a
driving element Tdr connected to a light emitting element
EL, first to fifth switch elements T1 to T5, a storage
capacitor Cst, and the like.

[0083] The second switch element T2 may be imple-
mented as an oxide TFT. The oxide TFT may be formed as
an NMOS of a bottom gate structure as shown in FIG. 11.
The other switch elements T1, T3, T4 and T5 and the driving
element Tdr may be implemented as a LTPS TFT. The LTPS
TFT may be formed as a PMOS of a top gate structure as
shown in FIG. 11.

[0084] The first switch element T1 supplies a data voltage
Vdata to a 1-1 node nll in response to a first scan signal
SCANI1 for a data writing time Tw. The first switch element
T1 includes a gate connected to a first gate line supplied with
the first scan signal SCANI, a first electrode connected to a
data line, and a second electrode connected to the 1-1 node
nll.

[0085] The fifth switch element T5 supplies the Vrefto the
1-1 node n11 in response to a second scan signal SCAN2 for
an initialization time Ti and a sampling time Ts. The fifth
switch element T5 includes a gate connected to a fifth gate
line supplied with the second scan signal SCAN2, a first
electrode connected to a third power line, and a second
electrode connected to the 1-1 node nll.

[0086] The second switch element T2 connects the 1-1
node nl1 to a 1-2 node n12 in response to an EM signal EM
for a second initialization portion i2 of the initialization time
Ti and the sampling time Ts. The second switch element T2
includes a gate connected to a second gate line supplied with
the EM signal EM, a first electrode connected to the 1-1
node nl1, and a second electrode connected to the 1-2 node
nl2. The second switch element T2 reduces a parasitic
capacitance connected to a gate of the driving element Tdr
for the initialization time Ti and the sampling time Ts. This
will be described in detail with reference to FIGS. 10 and 11.
[0087] The third switch element T3 switches a current
path between a first power line supplied with the VDD and
the driving element Tdr in response to the EM signal EM.
The third switch element T3 includes a gate connected to a
third gate line supplied with the EM signal EM, a first
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electrode to which the VDD is applied through the first
power line, and a second electrode connected to a second
node n2. A capacitor Cvdd may be formed between the first
electrode and the second electrode of the third switch
element T3.

[0088] The fourth switch element T4 supplies the VINI to
a third node n3 in response to a second scan signal SCAN2
for the initialization time Ti and the sampling time Ts. The
fourth switch element T4 includes a gate connected to a
fourth gate line supplied with the second scan signal
SCAN?2, a first electrode connected to the second power line,
and a second electrode connected to the third node n3.
[0089] The driving element Tdr controls a current of the
light emitting element EL. depending on a source-to-gate
voltage Vsg for an emission time Tem. The driving element
Tdr includes a gate connected to the 1-2 node n12, a first
electrode connected to the second node n2, and a second
electrode connected to the third node n3.

[0090] The light emitting element EL includes an anode
connected to the third node n3, a cathode connected to the
VSS electrode, and an organic compound layer connected
between the anode and the cathode. The organic compound
layer may include a hole injection layer HIL, a hole transport
layer HTL, an emission layer EML, an electron transport
layer ETL, and an electron injection layer EIL. However,
embodiments are not limited thereto. The storage capacitor
Cst is connected between the gate and the first electrode of
the driving element Tdr through the 1-2 node n12 and the
second node n2.

[0091] The second and third switch elements T2 and T3
are turned on or off in response to the EM signal EM, and
the fourth and fifth switch elements T4 and T5 are turned on
or off in response to the second scan signal SCNA2. Thus,
the pixel circuit according to the second embodiment of the
disclosure does not require a gate signal for independently
controlling the second and fourth switch elements T2 and
T4. As a result, because the number of gate lines required to
drive the pixel circuit and the number of channels of the gate
driver 120 are reduced, the second embodiment of the
disclosure can reduce a bezel area of the display panel and
is advantageous to high resolution display panels.

[0092] A gate signal applied to pixels of a first pixel line
LINE1 is SCAN1(1), SCAN2(1), and EM(1) of FIG. 9. A
gate signal applied to pixels of a second pixel line LINE2 is
SCAN1(2), SCAN2(2), and EM(2) of FIG. 9. The first scan
signals SCAN1(1) and SCAN1(2) define the data writing
time Tw. The second scan signals SCAN2(1) and SCAN2(2)
define the initialization time Ti and the sampling time Ts.
[0093] Referring to FIGS. 8 and 9, when the initialization
time Ti starts, a voltage of the second scan signal SCAN2 is
inverted from the VGH to the VGL. The first scan signal
SCANT1 is held at the VGH for the initialization time Ti.
[0094] The initialization time Ti includes a first initializa-
tion portion il in which a source voltage and a drain voltage
of the driving element Tdr are initialized, and the second
initialization portion 12 in which a gate voltage of the driving
element Tdr is initialized. The EM signal EM is held at the
VGL for the first initialization portion i1. The EM signal EM
is inverted to the VGH when the second initialization portion
12 starts, and is held at the VGH until the data writing time
Tw. The second switch element T2 is an NMOS transistor,
and the other switch elements T1, T3, T4 and T5 and the
driving element Tdr are PMOS transistors. Thus, the second
switch element T2 is turned off in response to the EM signal
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EM for the first initialization portion il and then is turned on
in the second initialization portion 2. The third switch
element T3 is turned on in response to the EM signal EM for
the first initialization portion i1 and then is turned off in the
second initialization portion i2. The fourth and fifth switch
elements T4 and T5 are turned on in response to the second
scan signal SCNA?2 for the initialization time Ti. The first
switch element T1 maintains an off-state for the initializa-
tion time Ti. As a result, in the first initialization portion i1,
the second node n2 is initialized to the VDD, and the third
node n3 is initialized to the VINI. Subsequently, in the
second initialization portion i2, a voltage of the 1-2 node
nl2, ie., the gate voltage of the driving element Tdr is
initialized to the Vref, and a voltage of the third node n3 is
held at the VINI.

[0095] For the sampling time Ts, the first scan signal
SCAN1 and the EM signal EM are held at the VGH, and the
second scan signal SCAN2 is held at the VGL. The second
switch element T2 is an NMOS transistor, and the other
switch elements T1, T3, T4 and T5 and the driving element
Tdr are PMOS transistors. Thus, in the sampling time Ts, the
second, fourth, and fifth switch elements T2, T4 and T5 are
turned on, and the first and third switch elements T1 and T3
are turned off. For the sampling time Ts, a source-to-gate
voltage Vsg of the driving element Tdr increases by a
threshold voltage Vth of the driving element Tdr, and the
threshold voltage Vith is stored in the storage capacitor Cst.
[0096] When the data writing time Tw starts, the voltage
of the first scan signal SCAN1 is inverted to the VGL.
Further, when the data writing time Tw starts, the voltage of
the second scan signal SCAN2 is inverted to the VGH, and
the EM signal EM is held at a voltage of a previous state.
The second switch element T2 is an NMOS transistor, and
the other switch elements T1, T3, T4 and T5 and the driving
element Tdr are PMOS transistors. Thus, in the data writing
time Tw, the first and second switch elements T1 and T2 are
turned on, and the other switch elements T3, T4 and T5 are
turned off. In the data writing time Tw, the source-to-gate
voltage Vsg of the driving element Tdr is changed to a data
voltage Vdata that is compensated as much as the threshold
voltage Vth of the driving element Tdr.

[0097] When the emission time Tem starts, the voltage of
the first scan signal SCAN1 is inverted to the VGH, the
voltage of the EM signal EM is inverted to the VGL, and the
second scan signal SCAN2 is held at a voltage of a previous
state. The second switch element T2 is an NMOS transistor,
and the other switch elements T1, T3, T4 and T5 and the
driving element Tdr are PMOS transistors. Thus, in the
emission time Tem, the third switch element T3 is turned on,
and the other switch elements T1, T2, T4 and T5 are turned
off.

[0098] For the emission time Tem, a current loled flows in
the light emitting element EL depending on the source-to-
gate voltage Vsg of the driving element Tdr, and the light
emitting element EL can emit light with the current Ioled.
[0099] When the second switch element T2 is formed as
the oxide TFT of the bottom gate structure as shown in FIG.
11, a parasitic capacitance Cp is present in an overlap
portion between a gate G2 and a source S2 of the second
switch element T2. When the first and fifth switch elements
T1 and T5 are directly connected to the gate of the driving
element Tdr without the second switch element T2 as shown
in (a) of FIG. 10, a parasitic capacitance present in the first
and fifth switch elements T1 and T5 is connected to the
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driving element Tdr. On the other hand, the second embodi-
ment of the disclosure can reduce the parasitic capacitance
Cp by connecting the second switch element T2 to the gate
of the driving element Tdr in the initialization time Ti and
the sampling time Ts. The pixel circuit according to the
second embodiment of the disclosure can reduce the para-
sitic capacitance Cp connected to the gate of the driving
element Tdr to %2 or less and thus can increase a threshold
voltage compensation rate of the driving element Tdr. As a
result, the second embodiment of the disclosure can prevent
a reduction in image quality and image retention caused by
areduction in the compensation rate of the threshold voltage
Vth of the driving element Tdr. In addition, the second
embodiment of the disclosure can reduce a bezel area of the
display panel and is advantageous to the design of high
resolution display panels by reducing the number of gate
lines and the number of channels of the gate driver 120.
[0100] FIG. 10 is a circuit diagram illustrating a reduction
in a parasitic capacitance connected to a gate of a driving
element when a second switch element is connected to the
gate of the driving element.

[0101] InFIG.10, (a)illustrates an example where the first
and fifth switch elements T1 and T5 are directly connected
to the gate of the driving element Tdr without the second
switch element T2. In this instance, a parasitic capacitance
affecting the gate of the driving element Tdr increases due
to the first and fifth switch elements T1 and T5. In particular,
when the first and fifth switch elements T1 and T5 are
implemented as an oxide TFT (or NMOS) of the bottom gate
structure, in which there is a large vertical overlap area
between a gate G2 and source and drain S2 and D2 of the
transistor, as shown in FIG. 11, the parasitic capacitance
connected to the gate of the driving element Tdr increases.
Hence, the threshold voltage compensation rate of the driv-
ing element Tdr is reduced.

[0102] In FIG. 10, (b) illustrates an example where the
second switch element T2 having the top gate structure is
added to the first and fifth switch elements T1 and T5 and the
driving element Tdr as in the pixel circuit according to the
first embodiment of the disclosure. In this instance, only the
second switch element T2 is connected to the gate of the
driving element Tdr in the initialization time Ti and the
sampling time Ts. When the second switch element T2 is a
transistor of the top gate structure, a parasitic capacitance is
hardly present in the second switch element T2. As a result,
the pixel circuit according to the first embodiment of the
disclosure can improve a threshold voltage compensation
rate of the driving element Tdr because the parasitic capaci-
tance connected to the gate of the driving element Tdr is
minimized in the initialization time Ti and the sampling time
Ts.

[0103] In FIG. 10, (c) illustrates an example where the
second switch element T2 having the bottom gate structure
is added to the first and fifth switch elements T1 and T5 and
the driving element Tdr as in pixel circuits according to
second to fourth embodiments of the disclosure. In this
instance, only the second switch element T2 is connected to
the gate of the driving element Tdr in the imtialization time
Ti and the sampling time Ts. A parasitic capacitance Cp
connected to the gate of the driving element Tdr in (c) of
FIG. 10, in which the second switch element T2 of the
bottom gate structure is added, is reduced to %2 or less of the
parasitic capacitance Cp in (a) of FIG. 10. As a result, the
parasitic capacitance Cp connected to the gate of the driving
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element Tdr is reduced, and a threshold voltage compensa-
tion rate of the driving element Tdr is improved. Because the
second switch element T2 is implemented as the oxide TFT
in the pixel circuits according to the second to fourth
embodiments of the disclosure, a leakage current between
the fifth switch element T5 and the driving element Tdr can
be prevented in the data writing time Tw and the emission
time Tem.

[0104] FIG. 11 is a cross-sectional view of a display panel
illustrating a transistor of a top gate structure and a transistor
of a bottom gate structure.

[0105] Referring to FIG. 11, the display panel 100 accord-
ing to embodiments of the disclosure includes a plurality of
transistors (e.g., oxide TFT, LTPS TFT, etc.) arranged on the
pixel array. The transistors (e.g., oxide TFT, LTPS TFT, etc.)
include the driving element Tdr and the switch elements T1
to T5 of the pixel circuit. The storage capacitor Cst, the light
emitting element EL, etc. are formed on the substrate of the
display panel 100 together with the transistors Tdr and T1 to
T5. In FIG. 11, the storage capacitor Cst and the light
emitting element EL are omitted.

[0106] The oxide TFT may be formed as an NMOS of a
bottom gate structure in which a gate G2 is disposed below
a semiconductor pattern A2. The LTPS TFT may be formed
as a PMOS of a top gate structure in which a gate G1 is
disposed on a semiconductor pattern Al.

[0107] The LTPS TFT includes the semiconductor pattern
Al, the gate G1 on the semiconductor pattern Al, a first
electrode S1 contacting a drain region of the semiconductor
pattern A1, and a second electrode D1 contacting a source
region of the semiconductor pattern Al. The semiconductor
pattern A1 may include polycrystalline silicon.

[0108] The oxide TFT includes the semiconductor pattern
A2, the gate G2 disposed below the semiconductor pattern
A2, a first electrode S2 contacting a drain region of the
semiconductor pattern A2, and a second electrode D2 con-
tacting a source region of the semiconductor pattern A2. The
semiconductor pattern A2 may be formed of an oxide
semiconductor material including at least one of indium
gallium zinc oxide (IGZ0), indium gallium oxide (IGO),
and indium zinc oxide (1ZO).

[0109] A buffer layer BUF is deposited on the entire
surface of a substrate SUBS. The buffer layer BUF may be
omitted, if necessary or desired. The first semiconductor
pattern Al is formed on the buffer layer BUF. The source
region and the drain region of the first semiconductor pattern
Al are doped with p* ions.

[0110] A first gate insulating layer GI1 is formed on the
buffer layer BUF to cover the first semiconductor pattern Al,
and first metal patterns are deposited on the first gate
insulating layer GI1. The first metal patterns include the gate
G1 of the LTPS TFT and the gate G2 of the oxide TFT. A
second gate insulating layer GI2 is formed on the first gate
insulating layer GI1 to cover the first metal patterns.
[0111] A first interlayer dielectric layer ILD1 and a second
interlayer dielectric layer ILD2 are laminated on the second
gate insulating layer GI2, and the second semiconductor
pattern A2 and second metal patterns are formed on the first
interlayer dielectric layer ILD1 and the second interlayer
dielectric layer ILD2. The second metal patterns include the
first and second electrodes S1, D1, S2, and D2 of the LTPS
TFT and the oxide TFT. The first and second electrodes S1
and D1 of the LTPS TFT respectively contact the source
region and the drain region of the first semiconductor pattern
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Al through contact holes passing through the insulating
layer. The first and second electrodes S2 and D2 of the oxide
TFT are formed on the second semiconductor pattern A2 and
directly contact the source region and the drain region of the
second semiconductor pattern A2. A passivation layer PAS
is covered on the transistors (e.g., oxide TFT, LTPS TFT,
etc.).

[0112] The first and fifth switch elements T1 and T5
separate a data voltage path and a reference voltage path
connected to the pixel circuit. When the data voltage path
and the reference voltage path are separated from each other
as described above, the sampling time Ts in which the
reference voltage is applied can increase to a period of time
(for example, two horizontal periods) longer than one hori-
zontal period. Because of this, the pixel circuit according to
embodiments of the disclosure can secure the sufficient
sampling time in high resolution and high speed display
panels. When the data voltage path and the reference voltage
path are one data line and one switch element, the sampling
time may be insufficient because the sampling time and the
data writing time are time-divided within one horizontal
period. In addition, the sampling time may be considerably
insufficient in the high resolution and high speed display
panels.

[0113] In addition, the structure, in which the data voltage
path and the reference voltage path connected to the pixel
circuit are separated from each other using the first and fifth
switch elements T1 and T5, can sufficiently secure the
sampling time and simply sense the threshold voltage of the
switch element. Such a sensing method is disclosed in detail
in Korean Patent Application No. 10-2016-0158431 (filed
on Nov. 25, 2016) corresponding to the present applicant,
and which is hereby incorporated by reference in their
entirety. The sensing method will be described with refer-
ence to FIG. 12.

[0114] FIGS. 12 to 14 illustrate a method of sensing a
threshold voltage of a switch element in a sensing mode. In
FIG. 14, “Tnor” denotes a normal driving mode, and
“Tsens” denotes a sensing mode. In FIG. 14, “Vref” is set to
a voltage (for example, “Vrefl” of FIG. 14) lower than the
VDD in the normal driving mode, in which an input image
is displayed on the screen, and the low power consumption
driving mode. Alternatively, “Vref” may be set to a sufficient
high voltage (for example, “Vref2” of FIG. 14) in order to
supply a current to a current path including the first and fifth
switch elements T1 and T5 in the sensing mode.

[0115] Referring to FIGS. 12 to 14, in the sensing mode
Tsens. the first and second scan signals SCAN1 and SCAN2
are generated at the gate-on voltage, and the remaining gate
signals are generated at the gate-off voltage. In the sensing
mode Tsens, the first and fifth switch elements T1 and T5 are
turned on, and thus a path of current flowing from the third
power line 1021 to the data line 1022 can be formed.
[0116] Because the voltage of the second scan signal
SCAN2 is generated at a voltage higher than the Vref2 in the
sensing mode Tsens, a channel of the first switch T1 is
completely opened when the fifth switch element T5 is
turned on. When a gate-to-source voltage of the first switch
element T1 is equal to the threshold voltage of the driving
element Tdr, the first switch element T1 1s turned off. In this
instance, a threshold voltage of the third switch element T3
can be found by comparing a voltage charged to the data line
1022, i.e., a voltage charged to a parasitic capacitance of the
data line 1022 with the Vref2. In the sensing mode Tsens, a
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difference between the voltage of the data line 1022 and the
Vref2 is a threshold voltage of the first switch element T1.
Thus, in the sensing mode Tsens, the threshold voltage of the
first switch element T1 can be sensed by the difference
between the voltage of the data line 1022 and the Vref2.
[0117] FIG. 15 is a circuit diagram of a pixel circuit
according to a third embodiment of the disclosure. FIGS. 16
and 17 are waveform diagrams illustrating a method of
driving the pixel circuit shown in FIG. 15. The third embodi-
ment of the disclosure is substantially the same as the second
embodiment of the disclosure, except that a first switch
element T1 is an oxide TFT implemented as an NMOS of a
bottom gate structure, and a phase of a first scan signal
SCAN1 for controlling the first switch element T1 is
reversed. Structures and components identical or equivalent
to those described in the second embodiment may be briefly
made or may be entirely omitted in the third embodiment.
[0118] Referring to FIGS. 15 to 17, the pixel circuit
according to the third embodiment of the disclosure includes
a driving element Tdr connected to a light emitting element
EL, first to fifth switch elements T1 to T5, a storage
capacitor Cst, and the like.

[0119] When an initialization time Ti starts, a voltage of a
second scan signal SCAN2 is inverted from the VGH to the
VGL. A first scan signal SCANT is held at the VGL for the
initialization time Ti. The initialization time Ti includes a
first initialization portion i1 and a second initialization
portion i2. An EM signal EM is held at the VGL for the first
initialization portion il. The EM signal EM is inverted to the
VGH when the second initialization portion i2 starts, and is
held at the VGH until a data writing time Tw. The first and
second switch elements T1 and T2 are NMOS transistors,
and the other switch elements T3, T4 and T5 and the driving
element Tdr are PMOS transistors. Thus, the fourth and fifth
switch elements T4 and T5 are turned on in response to the
second scan signal SCAN2 for the initialization time Ti. The
second switch element T2 is turned off in response to the EM
signal EM for the first initialization portion i1 and then is
turned on in the second initialization portion i2. The third
switch element T3 is turned on in response to the EM signal
EM for the first initialization portion il and then is turned off
in the second initialization portion i2. The fourth and fifth
switch elements T4 and T5 are turned on in response to the
second scan signal SCAN2 for the initialization time Ti. The
first switch element T1 maintains an off-state for the initial-
ization time Ti. As a result, in the first initialization portion
i1, a second node n2 is initialized to the VDD, and a third
node 13 is initialized to the VINI. In the second initialization
portion i2 subsequent to the first initialization portion il, a
voltage of a 1-2 node nl2, i.e., a gate voltage of the driving
element Tdr is initialized to the Vref, and a voltage of the
third node n3 is held at the VINL

[0120] For a sampling time Ts, the first and second scan
signals SCAN1 and SCAN2 are held at the VGL, and the
EM signal EM is held at the VGH. The first and second
switch elements T1 and T2 are NMOS ftransistors, and the
other switch elements T3, T4 and T5 and the driving element
Tdr are PMOS transistors. Thus, in the sampling time Ts, the
second, fourth, and fifth switch elements T2, T4 and T5 are
turned on, and the first and third switch elements T1 and T3
are turned off. For the sampling time Ts, a source-to-gate
voltage Vsg of the driving element Tdr increases by a
threshold voltage Vth of the driving element Tdr, and the
threshold voltage Vth is stored in the storage capacitor Cst.
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[0121] When a data writing time Tw starts, the voltages of
the first and second scan signals SCAN1 and SCAN2 are
inverted to the VGH. Further, when the data writing time Tw
starts, the EM signal EM 1is held at the VGH. The first and
second switch elements T1 and T2 are NMOS transistors,
and the other switch elements T3, T4 and T5 and the driving
element Tdr are PMOS transistors. Thus, in the data writing
time Tw, the first and second switch elements T1 and T2 are
turned on, and the other switch elements T3, T4 and T5 are
turned off. In the data writing time Tw, the source-to-gate
voltage Vsg of the driving element Tdr is changed to a data
voltage Vdata that is compensated as much as the threshold
voltage Vth of the driving element Tdr.

[0122] When an emission time Tem starts, the voltage of
the first scan signal SCAN1 is inverted to the VGL, the
voltage of the EM signal EM is inverted to the VGL, and the
second scan signal SCAN2 is held at the VGH. The first and
second switch elements T1 and T2 are NMOS transistors,
and the other switch elements T3, T4 and T5 and the driving
element Tdr are PMOS transistors. Thus, in the emission
time Tem, the third switch element T3 is turned on, and the
other switch elements T1, T2, T4 and T5 are turned off.
[0123] For the emission time Tem, a current loled flows in
the light emitting element EL depending on the source-to-
gate voltage Vsg of the driving element Tdr, and the light
emitting element EL can emit light with the current Ioled.
[0124] When the second switch element T2 is formed as
the oxide TFT of the bottom gate structure as shown in FIG.
11, only a parasitic capacitance Cp of the second switch
element T2 is connected to a gate of the driving element Tdr
for the initialization time Ti and the sampling time Ts. Thus,
the pixel circuit according to the third embodiment of the
disclosure can reduce the parasitic capacitance Cp connected
to the gate of the driving element Tdr and thus can increase
a threshold voltage compensation rate of the driving element
Tdr. As a result, the third embodiment of the disclosure can
prevent a reduction in image quality and image retention
caused by a reduction in the compensation rate of a threshold
voltage Vith of the driving element Tdr. In addition, the third
embodiment of the disclosure can reduce a bezel area of the
display panel and is advantageous to the design of high
resolution display panels by reducing the number of gate
lines and the number of channels of the gate driver 120.
[0125] FIG. 18 is a circuit diagram of a pixel circuit
according to a fourth embodiment of the disclosure. FIGS.
19 and 20 are waveform diagrams illustrating a method of
driving the pixel circuit shown in FIG. 18. The fourth
embodiment of the disclosure is substantially the same as the
second embodiment of the disclosure, except that first and
fifth switch elements T1 and T5 are oxide TFTs implemented
as NMOS transistors of a bottom gate structure, phases of
first and second scan signals SCAN1 and SCAN2 for
controlling the first and fifth switch elements T1 and T5 are
reversed, and an inverted second scan signal /SCAN2 is
added. Structures and components identical or equivalent to
those described in the second embodiment may be briefly
made or may be entirely omitted in the fourth embodiment.
[0126] Referring to FIGS. 18 to 20, the pixel circuit
according to the fourth embodiment of the disclosure
includes a driving element Tdr connected to a light emitting
element EL, first to fifth switch elements T1 to T5, a storage
capacitor Cst, and the like.

[0127] When an initialization time Ti starts, a voltage of a
second scan signal SCAN2 is inverted to the VGH, and a
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voltage of an inverted second scan signal /SCAN2 is
inverted to the VGL. A first scan signal SCANT is held at the
VGL for the initialization time Ti. The initialization time Ti
includes a first initialization portion i1 and a second initial-
ization portion i2. An EM signal EM is held at the VGL for
the first initialization portion il. The EM signal EM is
inverted to the VGH when the second initialization portion
12 starts, and is held at the VGH until a data writing time Tw.
The first, second, and fifth switch elements T1, T2 and T5
are NMOS ftransistors, and the third and fourth switch
elements T3 and T4 and the driving element Tdr are PMOS
transistors. Thus, the fourth and fifth switch elements T4 and
T5 are turned on in response to the second scan signal
SCAN2 for the initialization time Ti. The second switch
element T2 is turned off in response to the EM signal EM for
the first initialization portion i1 and then is turned on in the
second initialization portion i2. The third switch element T3
is turned on in response to the EM signal EM for the first
initialization portion i1 and then is turned off in the second
initialization portion i2. The first switch element T1 main-
tains an off-state for the initialization time Ti. As a result, in
the first initialization portion i1, a second node n2 is initial-
ized to the VDD, and a third node n3 is initialized to the
VINI. In the second initialization portion i2 subsequent to
the first initialization portion il, a voltage of a 1-2 node n12,
i.e., a gate voltage of the driving element Tdr is initialized
to the Vref, and a voltage of the third node n3 is held at the
VINIL

[0128] For a sampling time Ts, the first scan signal
SCAN1 and the inverted second scan signal /SCAN2 are
held at the VGL, and the second scan signal SCAN?2 and the
EM signal EM are held at the VGH. The first, second, and
fifth switch elements T1, T2 and T5 are NMOS transistors,
and the third and fourth switch elements T3 and T4 and the
driving element Tdr are PMOS transistors. Thus, in the
sampling time Ts, the second, fourth, and fifth switch
elements T2, T4 and T5 are turned on, and the first and third
switch elements T1 and T3 are turned off. For the sampling
time Ts, a source-to-gate voltage Vsg of the driving element
Tdr increases by a threshold voltage Vth of the driving
element Tdr, and the threshold voltage Vth is stored in the
storage capacitor Cst.

[0129] When a data writing time Tw starts, the voltage of
the first scan signal SCAN1 and the voltage of the inverted
second scan signal /SCAN2 are inverted to the VGH.
Further, when the data writing time Tw starts, the EM signal
EM is held at the VGH. The first, second, and fifth switch
elements T1, T2 and T5 are NMOS transistors, and the third
and fourth switch elements T3 and T4 and the driving
element Tdr are PMOS transistors. Thus, in the data writing
time Tw, the first and second switch elements T1 and T2 are
turned on, and the other switch elements T3, T4 and T5 are
turned off. In the data writing time Tw, the source-to-gate
voltage Vsg of the driving element Tdr is changed to a data
voltage Vdata that is compensated as much as the threshold
voltage Vth of the driving element Tdr.

[0130] When an emission time Tem starts, the voltage of
the first scan signal SCANT1 is inverted to the VGL, and the
voltage of the EM signal EM is inverted to the VGL. The
first, second, and fifth switch elements T1, T2 and T5 are
NMOS transistors, and the third and fourth switch elements
T3 and T4 and the driving element Tdr are PMOS transis-
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tors. Thus, in the emission time Tem, the third switch
element T3 is turned on, and the other switch elements T1,
T2, T4 and T5 are turned off

[0131] For the emission time Tem, a current Ioled flows in
the light emitting element EL depending on the source-to-
gate voltage Vsg of the driving element Tdr, and the light
emitting element EL can emit light with the current Ioled.
[0132] When the second switch element T2 is formed as
the oxide TFT of the bottom gate structure as shown in FIG.
11, only a parasitic capacitance Cp of the second switch
element T2 is connected to a gate of the driving element Tdr
for the initialization time Ti and the sampling time Ts. Thus,
the pixel circuit according to the fourth embodiment of the
disclosure can reduce the parasitic capacitance Cp connected
to the gate of the driving element Tdr and thus can increase
a threshold voltage compensation rate of the driving element
Tdr. As a result, the fourth embodiment of the disclosure can
prevent a reduction in image quality and image retention
caused by a reduction in the compensation rate of a threshold
voltage Vth of the driving element Tdr. In addition, the
fourth embodiment of the disclosure can reduce a bezel area
of the display panel and is advantageous to the design of
high resolution display panels by reducing the number of
gate lines and the number of channels of the gate driver 120.
[0133] FIG. 211is a plan view illustrating a planar structure
of the pixel circuit shown in FIG. 4. FIG. 22 is a plan view
illustrating a planar structure of the pixel circuit shown in
FIG. 7.

[0134] When the second switch element T2 is formed as
the LTPS TFT of the top gate structure, a parasitic capaci-
tance Cp is hardly present in the second switch element T2
as shown in FIG. 21 because the gate and the source of the
second switch element T2 do not overlap each other. Alter-
natively, when the second switch element T2 is formed as
the oxide TFT of the bottom gate structure, a parasitic
capacitance Cp is present in the second switch element T2.
However, the parasitic capacitance Cp connected to the gate
of the driving element Tdr when the second switch element
T2 of the bottom gate structure is added can be reduced to
Y or less, compared to when the first and fifth switch
elements T1 and T5 are directly connected to the gate of the
driving element Tdr without the second switch element T2.
[0135] As described above, the embodiments of the dis-
closure can compensate for the threshold voltage of the
driving element using the pixel circuit including the internal
compensation circuit to drive the light emitting element, and
can separate the data voltage path and the reference voltage
path connected to the pixel circuit to thereby sufficiently
secure the sampling time of the driving element in the high
resolution and high speed display panels. Further, the
embodiments of the disclosure can sense the threshold
voltages of the switch elements using a current path con-
necting the switch elements on the data voltage path and the
reference voltage path.

[0136] The embodiments of the disclosure can improve
the threshold voltage compensation rate of the driving
element by reducing the parasitic capacitance connected to
the driving element for the initialization time and the sam-
pling time, thereby improving the image quality and pre-
venting the image retention. Furthermore, the embodiments
of the disclosure can reduce the number of gate lines and the
number of channels of the gate driver because a control
signal for controlling the switch element connected to the
gate of the driving element and the switch element control-
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ling the emission time is one gate signal, that is, one EM
signal, for the initialization time and the sampling time,
thereby reducing the bezel area of the display panel and
being advantageous to the design of the high resolution
display panels.
[0137] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addi-
tion to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled in the art.
[0138] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/
or listed in the Application Data Sheet are incorporated
herein by reference, in their entirety. Aspects of the embodi-
ments can be modified, if necessary to employ concepts of
the various patents, applications and publications to provide
yet further embodiments.
[0139] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.

What is claimed is:

1. An electroluminescent display comprising:

data lines and gate lines intersecting each other; and

pixels arranged in a matrix,

wherein each pixel includes a pixel circuit configured to

sample a threshold voltage of a driving element for
driving a light emitting element and compensate for a
data voltage,
wherein the pixel circuit includes:

a first switch element coupled to a data voltage path,
that is configured to receive a data voltage;

a second switch element coupled to a reference voltage
path, that is configured to receive a reference volt-
age;

a third switch element coupled between a gate of the
driving element and the first and second switch
elements;

a fourth switch element coupled to an initialization
voltage path, that is configured to receive a prede-
termined initialization voltage;

a fifth switch element coupled to a power path, that is
configured to receive a pixel driving voltage that is
higher than the reference voltage and the initializa-
tion voltage; and

a storage capacitor coupled between a gate and a source
of the driving element.

2. The electroluminescent display of claim 1, wherein the
third switch element includes one of a transistor of a top gate
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structure having a polycrystalline silicon semiconductor
pattern and a transistor of a bottom gate structure having an
oxide semiconductor pattern.

3. The electroluminescent display of claim 1, wherein the
first switch element and the second switch element each
include a transistor of a bottom gate structure having an
oxide semiconductor pattern.

4. The electroluminescent display of claim 3, wherein the
driving element, the third switch element, the fourth switch
element, and the fifth switch element each include a tran-
sistor of a top gate structure having a polycrystalline silicon
semiconductor pattern.

5. The electroluminescent display of claim 1, wherein the
first switch element, the second switch element, the fourth
switch element, the fifth switch element, and the driving
element each include a transistor of a top gate structure
having a polycrystalline silicon semiconductor pattern.

6. The electroluminescent display of claim 5, wherein the
third switch element includes a transistor of a bottom gate
structure having an oxide semiconductor pattern.

7. The electroluminescent display of claim 1, wherein the
first switch element and the third switch element each
include a transistor of a bottom gate structure having an
oxide semiconductor pattern.

8. The electroluminescent display of claim 7, wherein the
second switch element, the fourth switch element, the fifth
switch element, and the driving element each include a
transistor of a top gate structure having a polycrystalline
silicon semiconductor pattern.

9. The electroluminescent display of claim 1, wherein the
first switch element, the second switch element, and the third
switch element each include a transistor of a bottom gate
structure having an oxide semiconductor pattern.

10. The electroluminescent display of claim 7, wherein
the fourth switch element, the fifth switch element, and the
driving element each include a transistor of a top gate
structure having a polycrystalline silicon semiconductor
pattern.

11. A circuit comprising;

a light emitting device;

a first transistor having a first terminal, a second terminal
and a gate terminal, the first terminal coupled to a first
voltage node, the second terminal coupled to the light
emitting device, and the gate terminal coupled to a
common node of a second voltage node and a third
voltage node through a second transistor; and

a first capacitor having a first plate coupled to the gate
terminal and a second plate coupled to the first terminal
of the first transistor.
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12. The circuit of claim 11, wherein the second voltage
node is coupled to the common node through a third
transistor and the third voltage node is coupled to the
common node through a separate fourth transistor.
13. The circuit of claim 11, wherein the second terminal
of the first transistor is also coupled to a fourth voltage node
through a fifth transistor,
14. The circuit of claim 11, further comprising a sixth
transistor coupled between the first terminal of the first
transistor and the first voltage node.
15. The circuit of claim 14, further comprising a second
capacitor coupled between the first terminal of the first
transistor and the first voltage terminal and in parallel with
the sixth transistor.
16. The circuit of claim 12, wherein the first voltage
terminal is configured to receive a first voltage and the
second voltage node is configured to receive a second
voltage lower than the first voltage.
17. A method comprising:
supplving a first transistor with a reference voltage to a
gate of the first transistor through a reference line and
a second transistor;

supplving a first voltage to a first terminal of the first
transistor, the first voltage larger than the reference
voltage;

sensing a threshold voltage of the transistor using a

capacitor coupled between the gate and the first termi-
nal of the first transistor, with the reference voltage
applied to the gate of the first transistor, the first voltage
decoupled from the first terminal of the first transistor,
and the first transistor being in an off state; and

applying a data voltage to the gate of the first transistor
through a data line and the second transistor, the data
line being separate from the reference line.

18. The method of claim 17, wherein the sensing the
threshold voltage is conducted for a first time period, the
applying the data voltage is conducted for a second time
period, and the first time period is longer than the second
time period.

19. The method of claim 18, wherein the first time period
is substantially two times as long as the second time period.

20. The method of claim 17, further comprising compen-
sating for a threshold voltage variation of the first transistor
by incorporating a charge stored in the capacitor in switch-
ing on the first transistor.
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