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DISPLAY PANEL AND
ELECTROLUMINESCENCE DISPLAY USING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2016-0160279 filed on
Nov. 29, 2016, the entire contents of which is incorporated
herein by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present disclosure relates to a display panel in
which gate driving circuits are arranged on the same sub-
strate together with circuit elements of an active area in
which an input image is displayed, and relates to an elec-
troluminescence display using the same.

Discussion of the Related Art

[0003] A flat panel display device includes a liquid crystal
display (LCD), an electroluminescence display, a field emis-
sion display (FED), a plasma display panel (PDP), and the
like.

[0004] An electroluminescence display device is divided
into an inorganic light emitting display device and an
organic light emitting display device depending on materials
of a light emitting layer. An active matrix organic light
emitting diode display includes organic light emitting diodes
(OLEDs) capable of emitting light by themselves and has
many advantages, such as a fast response time, a high
emission efficiency, a high luminance, a wide viewing angle,
and the like.

[0005] An OLED of the organic light emitting display
device includes an anode electrode, a cathode electrode, and
an organic compound layer between the anode electrode and
the cathode electrode. The organic compound layer includes
a hole injection layer HIL, a hole transport layer HTL, an
emission layer EML, an electron transport layer ETL, and an
electron injection layer EIL. When a power voltage is
applied to the anode electrode and the cathode electrode,
holes passing through the hole transport layer HTL and
electrons passing through the electron transport layer ETL
move to the emission layer EML and form excitons. As a
result, the emission layer EML generates visible light.
[0006] A driving circuit of the flat panel display includes
a data driving circuit for supplying a data signal to data lines,
a gate driving circuit for supplying a gate signal (or a scan
signal) to gate lines (or scan lines). The gate driving circuit
may be formed directly on the same substrate together with
a thin film transistor (TFT) array of an active area consti-
tuting a screen. Hereinafter, the gate driving circuit formed
directly on the substrate of the display panel will be referred
to as a GIP circuit. The GIP circuit includes a shift register
in which stages are connected in a cascade connection. The
GIP circuit receives a start pulse or a carry signal received
from a previous stage as a start pulse, and generates an
output when a clock is input. The GIP circuit can sequen-
tially supply the gate signal to the gate lines by shifting the
output in a shift clock timing.
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[0007] Each of pixels of the flat panel display is divided
into a plurality of sub-pixels having different colors for color
implementation. Each of the sub-pixels includes a transistor
used as a switching element or a driving element. Such a
transistor can be implemented as a TFT. The GIP circuit
supplies a gate signal to a gate of the transistor formed in
each of the pixels to turn on/off the transistor.

[0008] The organic light emitting display includes a pixel
circuit disposed for each of the sub-pixels. Each of the pixel
circuits includes a plurality of transistors. Gate signals
having different waveforms may be applied to these tran-
sistors. A GIP circuit is required as many as the number of
gate signals applied to the pixel circuit. Each of the GIP
circuits includes a shift register, and wirings for transmitting
a start pulse, a shift clock, and the like for controlling the
shift register are required.

[0009] Two or more gate signals having different phases
may be applied to the pixel circuit. In an instance of
generating a gate signal whose phase is inverted compared
to other gate signals, an inverter circuit is connected to an
output node of the GIP circuit, and the inverter circuit is used
to invert an output signal of the GIP circuit. For example,
when a scan signal and an emission signal (hereinafter,
referred to as gate signal(s)) are applied to the pixel circuit,
the GIP circuit includes a first GIP circuit for generating the
scan signal, a second GIP circuit for outputting the gate
signal, and an inverter. The GIP circuit is disposed in a bezel
area outside the active area (A/A) where an image is
displayed on the substrate of the display panel. Therefore,
when the GIP circuit is large, a narrow bezel cannot be
realized because the bezel area becomes large on the display
panel.

SUMMARY OF THE INVENTION

[0010] The invention provides a display panel capable of
reducing a size of a GIP circuit, and an electroluminescence
display using the same.

[0011] In one aspect, there is provided a display panel
including pixels in which data lines and gate lines are
crossed and which are arranged in a matrix form and a gate
driver configured to supply a gate pulse to the gate lines.
Each pixel circuit of the pixels includes one or more n-type
transistors and two or more p-type transistors. The gate
driver includes a first gate driving circuit configured to
supply a first gate signal to an n-type transistor of the pixel
circuit using a plurality of n-type transistors, a second gate
driving circuit configured to supply a second gate signal to
one of the p-type transistors of the pixel circuit using a
plurality of p-type transistors, and a third gate driving circuit
configured to supply a third gate signal to the other one of
the p-type transistors of the pixel circuit using a plurality of
n-type transistors.

[0012] Each of the n-type transistors may include an oxide
thin film transistor (TFT).

[0013] Each of the p-type transistors may include a low
temperature polysilicon (LTPS) TFT.

[0014] Each of the first, second and third gate driving
circuits may include a shift register which receives a start
pulse and shift clocks and shifts an output signal. The first
and third gate driving circuits may share a start pulse.
[0015] Each of the first, second and third gate driving
circuits may include a shift register which receives a start
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pulse and shift clocks and shifts an output signal. The first
and third gate driving circuits may share a part of a start
pulse and shift clocks.

[0016] In another aspect, there is provided a display panel
including pixels in which data lines and gate lines are
crossed, and each pixel circuit of the pixels including an
n-type transistor and a p-type transistor, a first gate driving
circuit configured to supply a first gate signal to the n-type
transistor of the pixel circuit using a plurality of n-type
transistors, and a second gate driving circuit configured to
supply a second gate signal to the p-type transistor of the
pixel circuit using a plurality of n-type transistors. The first
and second gate driving circuits share a part of input signals.

[0017] An electroluminescence display of the invention
includes the display panel.

[0018] In another aspect, there is provided an electrolu-
minescence display comprising an active area including
pixels in which data lines and gate lines are crossed and
which are arranged in a matrix form; a data driver configured
to supply a data signal of an input image to the data lines;
and a gate driver configured to supply a gate pulse to the gate
lines, wherein each pixel circuit of the pixels includes one or
more n-type transistors and two or more p-type transistors,
wherein the gate driver including: a first gate driving circuit
configured to supply a first gate signal to an n-type transistor
of the pixel circuit using a plurality of n-type transistors; a
second gate driving circuit configured to supply a second
gate signal to one of the p-type transistors of the pixel circuit
using a plurality of p-type transistors; and a third gate
driving circuit configured to supply a third gate signal to the
other one of the p-type transistors of the pixel circuit using
a plurality of n-type transistors.

[0019] In another aspect, there is provided an electrolu-
minescence display comprising an active area including
pixels in which data lines and gate lines are crossed and
which are arranged in a matrix form, and each pixel circuit
of the pixels including an n-type transistor and a p-type
transistor; a data driver configured to supply a data signal of
an input image to the data lines; a first gate driving circuit
configured to supply a first gate signal to the n-type tran-
sistor of the pixel circuit using a plurality of n-type transis-
tors; and a second gate driving circuit configured to supply
a second gate signal to the p-type transistors of the pixel
circuit using a plurality of n-type transistors, wherein the
first and second gate driving circuits share a part of input
signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0021] FIG. 1 is a block diagram illustrating an electrolu-
minescence display according to an embodiment of the
invention;

[0022] FIG. 2 is a plan view schematically illustrating a
part of an active area shown in FIG. 1;

[0023] FIG. 3 is a waveform diagram illustrating an
example of a gate signal applied to n lines of a display panel
according to an embodiment of the invention;
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[0024] FIG. 4 is a circuit diagram illustrating an example
of a pixel circuit according to an embodiment of the inven-
tion;

[0025] FIG. 5 is a waveform diagram illustrating input
signals of the pixel circuit shown in FIG. 4;

[0026] FIG. 6 is a diagram schematically illustrating an
example in which a second GIP circuit is composed of two
GIP circuits sharing a start pulse according to an embodi-
ment of the invention;

[0027] FIG. 7 is a diagram schematically illustrating a
shift register circuit configuration in GIP circuits according
to an embodiment of the invention;

[0028] FIG. 8 is a circuit diagram illustrating an n-th stage
for generating an n-th output in a shift register shown in FIG.
7,

[0029] FIG. 9 is a waveform diagram illustrating a Q node
voltage, a QB node voltage, and an output voltage of an n-th
stage in second GIP circuits implemented as n-type TFTs
according to an embodiment of the invention;

[0030] FIG. 10 is a waveform diagram illustrating shift
clocks applied to GIP circuits according to an embodiment
of the invention;

[0031] FIG. 11 is a circuit diagram illustrating a connec-
tion relationship between a pixel circuit and GIP circuits
according to an embodiment of the invention;

[0032] FIG. 12 is a circuit diagram illustrating a first GIP
circuit according to an embodiment of the invention;
[0033] FIG. 13 is a circuit diagram illustrating a second-1
GIP circuit according to an embodiment of the invention;
[0034] FIG. 14 is a circuit diagram illustrating a second-2
GIP circuit according to an embodiment of the invention;
[0035] FIG. 15 is a diagram illustrating VST wiring and
CLK wirings connected to the second GIP circuit according
to an embodiment of the invention;

[0036] FIGS. 16 and 17 are views illustrating a cross-
sectional structure of TFTs in a TFT array substrate of a
display panel according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0037] Advantages and features of the present disclosure
and methods for accomplishing the same will become appar-
ent with reference to the embodiments described in detail
below with reference to the accompanying drawings. How-
ever, the present disclosure is not limited to embodiments
disclosed below, and may be implemented in various forms.
These embodiments are provided so that the present disclo-
sure will be exhaustively and completely described, and will
fully convey the scope of the present disclosure to those
skilled in the art to which the present disclosure pertains.
The present disclosure is only defined by the scope of the
claims.

[0038] Shapes, sizes, ratios, angles, number, and the like
illustrated in the drawings for describing embodiments of
the present disclosure are merely exemplary, and the present
disclosure is not limited thereto. Like reference numerals
designate like elements throughout the description. In the
following description, when a detailed description of well-
known functions or configurations related to this document
is determined to unnecessarily cloud a gist of the invention,
the detailed description thereof will be omitted.

[0039] Inthe present disclosure, when the terms “include”,
“have”, “comprise”, etc. are used, other components may be
added unless “~ only” is used. A singular expression can
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include a plural expression as long as it does not have an
apparently different meaning in context.

[0040] In the explanation of components, even if there is
no separate description, it is interpreted as including an error
range.

[0041] In the description of position relationship, when a

structure is described as being positioned “on or above”,
“under or below”, “next to” another structure, this descrip-
tion should be construed as including a case in which the
structures contact each other as well as a case in which a
third structure is disposed therebetween.

[0042] The terms “first”, “second”, etc. may be used to
describe various components, but the components are not
limited by such terms.

[0043] The features of various embodiments of the present
disclosure can be partially combined or entirely combined
with each other, and can be technically interlocking-driven
in various ways. The embodiments can be independently
implemented, or can be implemented in conjunction with
each other.

[0044] Each of a GIP circuit and a pixel circuit of the
invention includes an oxide TFT including an oxide semi-
conductor and an LTPS TFT including a low temperature
polysilicon (LTPS). The oxide TFT may be implemented as
an n-type TFT (NMOS), and the LTPS TFT may be imple-
mented as a p-type TFT (PMOS).

[0045] Each of the GIP circuit and the pixel circuit of the
invention includes an n-type TFT (NMOS) and a p-type TFT
(PMOS). A TFT is a three-electrode element including a
gate, a source, and a drain. The source is an electrode that
supplies carriers to the transistor. In the TFT, the carriers
start to flow from the source. The drain is an electrode in
which the carriers exit from the TFT to outside. The carriers
in the TFT flow from the source to the drain. In an instance
of the n-type TFT (NMOS), since a carrier is an electron, a
source voltage has a voltage lower than a drain voltage so
that the electron can flow from the source to the drain. In the
n-type TFT, a direction of a current flows from the drain to
the source. In an instance of the p-type TFT (PMOS), since
a carrier is a hole, a source voltage is higher than a drain
voltage so that the hole can flow from the source to the drain.
In the p-type TFT, a current flows from the source to the
drain because the hole flows from the source to the drain. It
should be noted that the source and the drain of the TFT are
not fixed. For example, the source and the drain may be
changed depending on an applied voltage. Therefore, the
invention is not limited by the source and the drain of the
TFT. In the following description, the source and the drain
of the TFT will be referred to as a first electrode and a second
electrode, respectively.

[0046] A gate signal output from the GIP circuit swings
between a gate on voltage and a gate off voltage. The gate
on voltage is set to a voltage higher than a threshold voltage
of the TFT, and the gate off voltage is set to a voltage lower
than the threshold voltage of the TFT. The TFT is turned on
in response to the gate on voltage, while the TFT is turned
off in response to the gate off voltage. In an instance of the
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 an instance of the 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).

[0047] Hereinafter, various embodiments of the invention
will be described in detail with reference to the accompa-
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nying drawings. In the following embodiments, an electrolu-
minescence display device will be described focusing on an
organic light emitting display device including an organic
light emitting material. However, it should be noted that the
technical sprit of the invention is not limited to the organic
light emitting display device, but can be applied to an
inorganic light emitting display device including an inor-
ganic light emitting material.

[0048] FIG. 1 is a block diagram illustrating an electrolu-
minescence display according to an embodiment of the
invention. FIG. 2 is a plan view schematically illustrating a
part of an active area shown in FIG. 1. FIG. 3 is a waveform
diagram illustrating an example of a gate signal applied to n
lines of a display panel of the electroluminescence display in
FIG. 1. FIG. 4 is a circuit diagram illustrating an example of
a pixel circuit in the electroluminescence display in FIG. 1.
All components of the electroluminescence display accord-
ing to all embodiments of the invention are operatively
coupled and configured.

[0049] Referring to FIGS. 1 to 4, an electroluminescence
display according to an embodiment of the invention
includes a display panel 100 and a display panel driving
circuit.

[0050] The display panel 100 includes an active area A/A
for displaying an input image. A pixel array is arranged in
the active area A/A. The pixel array includes a plurality of
data lines DL, a plurality of gate lines GL intersecting with
the data lines DL, and pixels arranged in a matrix form.
[0051] Each of the pixels may be divided into a red
sub-pixel, a green sub-pixel, and a blue sub-pixel for color
implementation. Each of the pixels may further include a
white sub-pixel. Each of the sub-pixels SP includes a pixel
circuit. The pixel circuit includes a light emitting element, a
plurality of TFTs, and a capacitor. The pixel circuit is
connected to the data line DL and the gate line GL.
[0052] The pixel circuit of the invention includes one or
more n-type transistors and two or more p-type transistors,
as in an example of FIG. 4.

[0053] The oxide TFT may be implemented as an n-type
TFT (NMOS). The oxide TFT has a small leakage current in
an off state. A low temperature polysilicon (LTPS) TFT may
be implemented as a p-type TFT (PMOS). The LTPS TFT
has high carrier mobility and therefore has advantages in
driving efficiency and power consumption. It should be
noted that the pixel circuit may be implemented with the
circuit shown in FIG. 4, but is not limited thereto.

[0054] 1In the instance of the pixel circuit shown in FIG. 4,
gate signals such as a first gate signal SCANI, a second gate
signal SCAN2, and a third gate signal EM are applied to
each of the sub-pixels SP. For each line LINE #1 to LINE #3
of the display panel, the gate lines including a first gate line
GL1 to which the first gate signal SCAN1 is supplied, a
second gate line GL.2 to which the second gate signal
SCAN2 is supplied, and a third gate line GL3 to which the
third gate signal EM is supplied are connected to the
sub-pixels SP.

[0055] InFIGS.2and 3, SCAN1 (1), SCAN2 (1), and EM
(1) are gate signals applied to sub-pixels of a first line LINE
#1 through the gate lines GL1 (1), GL2 (1), and GL3 (1).
SCAN1 (2), SCAN2 (2), and EM (2) are gate signals applied
to sub-pixels of a second line LINE #2 through the gate lines
GL1(2),GL2 (2),and GL3 (2). SCAN1 (3), SCAN2 (3), and
EM (3) are gate signals applied to sub-pixels of a third line
LINE #3 through the gate lines GL1 (3), GL2 (3), and GL.3
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(3). In FIG. 2, DATA1 to DATA3 are data signals supplied
to the sub-pixels SP through the data lines DL1 to DL3.
[0056] As shown in FIG. 4, the display panel 100 further
includes a first power line PL1 for supplying a pixel driving
voltage VDD to the sub-pixels SP, a second power line PL2
for supplying an initialization voltage VINI to the sub-pixels
SP, and a VSS electrode for supplying a low potential power
supply voltage VSS to the sub-pixels SP, and the like. The
power lines are connected to a power supply circuit.
[0057] Touch sensors may be disposed on the display
panel 100. A touch input may be sensed using separate touch
sensors or may be sensed through the pixels. The touch
sensors may be disposed on a screen of the display panel as
an on-cell type or an add-on type, or may be implemented
as in-cell type touch sensors embedded in the pixel array.
[0058] The display panel driving circuit writes data of the
input image to the pixels of the display panel 100 under a
control of a timing controller (TCON) 120. The display
panel driving circuit includes a data driver 110 and GIP
circuits 200 and 300 driven under the control of the timing
controller 120. The display panel 100 may be provided with
touch sensors. In this instance, the display panel driving
circuit further includes a touch sensor driving unit.

[0059] The display panel driving circuit may operate in a
low refresh mode. When the input image does not change by
a preset number of frames, the low refresh mode may be set
to reduce power consumption of the display device. In other
words, the low refresh mode can reduce a refresh rate of the
pixels when a still image is input for a predetermined time
or more, thereby reducing the power consumption by con-
trolling a data writing period of the pixels to be long. The
low refresh mode is not limited to when a still image is input.
For example, when the display device operates in a standby
mode or a user command or an input image is not input to
the display panel driving circuit for a predetermined time or
more, the display panel driving circuit may operate in the
low refresh mode.

[0060] The data driver 110 converts digital data DATA of
the input image received from the timing controller 120
every frame in the normal driving mode into a data voltage,
and supplies the data voltage to the data lines DL. The data
driver 110 outputs the data voltage using a digital to analog
converter (hereinafter, referred to as DAC) that converts the
digital data into a gamma compensation voltage. A driving
frequency of the data driver 110 is lowered under the control
of the timing controller 120 in the low refresh mode. For
example, the data driver 110 outputs the data voltage of the
input image every frame period in the normal driving mode.
The data driver 110 outputs the data voltage of the input
image in some frame periods within the low refresh mode
period and does not generate the output in the remaining
frame periods. Therefore, the driving frequency and power
consumption of the data driver 110 in the low refresh mode
are significantly lower than those in a normal driving mode.
[0061] A multiplexer may be disposed between the data
driver 110 and the data lines DL of the display panel 100.
The multiplexer can reduce the number of channels of the
data driver 110 by distributing the data voltages output
through one channel in the data driver 110 to N (N is a
positive integer equal to or greater than two) data lines DL.
The multiplexer can be omitted depending on resolution and
usage of the display device.

[0062] The GIP circuits 200 and 300 output the gate
signals SCAN 1, SCAN 2 and EM under the control of the
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timing controller 120 to select pixels to which the data
voltages are charged through the gate lines GL. The GIP
circuits 200 and 300 can sequentially supply signals to the
gate lines GL by shifting the gate signals SCAN1, SCAN2
and EM using a shift register.

[0063] The GIP circuits 200 and 300 include a first GIP
circuit 200 and a second GIP circuit 300. The first GIP
circuit 200 is implemented as p-type TFTs and outputs the
second gate signal SCAN2. The second GIP circuit 300 is
implemented as n-type TFTs and outputs the first gate signal
SCANT1 and the third gate signal EM. The first and second
GIP circuits 200 and 300 may be separated across the active
area A/A. As shown in FIG. 6, the first GIP circuit 200 may
be disposed on one side bezel region BZ of the display panel
100. The second GIP circuit 300 may be disposed on the
other side bezel region BZ of the display panel 100. In an
instance of a model without a bezel, the first and second GIP
circuits 200 and 300 may be distributed in the active area
A/A. Tt should be noted that the arrangement of the first and
second GIP circuits 200 and 300 is not limited to FIG. 6.
[0064] In the low refresh mode, the gate drivers 200 and
300 have a driving frequency lowered under the control of
the timing controller 120. Therefore, the driving frequency
and power consumption of the gate drivers 200 and 300 are
significantly lower than in the normal driving mode.
[0065] The timing controller 120 receives digital video
data DATA of an input video from a host system and timing
signals synchronized with the digital video data DATA. The
timing signals include a vertical synchronization signal
Vsync, a horizontal synchronization signal Hsync, a clock
signal DCLK, and a data enable signal DE. The host system
may be any one of a television (TV) system, a set-top box,
a navigation system, a personal computer (PC), a home
theater system, a phone system, and a wearable device
system.

[0066] The timing controller 120 includes a low refresh
control module that lowers a driving frequency of the
display panel driving circuits 110, 200, and 300. It should be
noted that the low refresh mode as described above is not
limited to still images.

[0067] The timing controller 120 multiplies an input frame
frequency by i in the normal driving mode and can control
operation timings of the display panel driving circuits 110,
200 and 300 at a frame frequency of the input frame
frequencyxi (i is a positive integer larger than 0) Hz. The
input frame frequency is 60 Hz in the National Television
Standards Committee (NTSC) system and 50 Hz in the PAL
(Phase-Alternating Line) system.

[0068] The timing controller 120 lowers the driving fre-
quency of the display panel driving circuits 110, 200, and
300 in the low refresh mode. For example, the timing
controller 120 may lower the driving frequency of the
display panel driving circuit to 1 Hz so that data is written
once to pixels per second (sec). The frequency of the low
refresh mode is not limited to 1 Hz. As a result, the pixels
of the display panel 100 maintain an already charged data
voltage without charging a new data voltage for most of the
time in the low refresh mode.

[0069] The timing controller 120 generates a data timing
control signal DDC for controlling the operation timing of
the data driver 110 and a gate timing control signal GDC for
controlling the operation timing of the GIP circuits 200 and
300 based on the timing signals Vsync, Hsync, and DE
received from the host system. A voltage level of the gate
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timing control signal GDC output from the timing controller
120 is converted through level shifters (LS) 210 and 310 and
supplied to the GIP circuits 200 and 300. The level shifters
210 and 310 convert a low level voltage of the gate timing
control signal GDC into a gate low voltage VGL and convert
a high level voltage of the gate timing control signal GDC
into a gate high voltage VGH.

[0070] The gate timing control signal GDC includes a start
pulse (Gate Start Pulse), a shift clock (Gate Shift Clock), and
the like. The start pulse is generated once every frame period
at the beginning of the frame period and input to the GIP
circuits 200 and 300. The gate start pulse VST controls a
start timing of the GIP circuits 200 and 300 every frame
period. The shift clock controls a shift timing of the gate
signal output from the GIP circuits 200 and 300.

[0071] FIG. 4 is a circuit diagram illustrating an example
of a pixel circuit. FIG. 5 is a waveform diagram illustrating
input signals of the pixel circuit shown in FIG. 4.

[0072] Referring to FIGS. 4 and 5, the pixel circuit
includes a light emitting element EL, a plurality of thin film
transistors (TFTs) M1 to M3, DT, and capacitors Cst and
Cvdd.

[0073] The light emitting element EL. may be imple-
mented as an OLED. The OLED emits light with an amount
of current controlled by a fourth TFT DT depending on a
data voltage Vdata. A current path of the OLED is switched
by a second TFT M2. The OLED includes an organic
compound layer formed between an anode and a 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, it is not limited thereto. The
anode of the OLED is connected to a third node n3, and the
cathode is connected to a VSS electrode to which a low
potential supply voltage VSS is supplied.

[0074] A first capacitor Cst is connected between a first
node n1 and a second node n2. A second capacitor Cvdd is
connected between a first power line PL1 to which a pixel
driving voltage VDD is supplied and the second node n2.
The pixel driving voltage VDD is supplied to the sub-pixels
SP through the first power line PL1.

[0075] Since a first TFT M1 is a switching element having
a long off period, the first TFT M1 may be implemented as
an n-type oxide TFT having a small leakage current in the
off state. When the first TFT M1 is implemented as an oxide
TFT, since the leakage current can be reduced to reduce the
power consumption, and a voltage drop of the pixel due to
the leakage current can be prevented, flicker prevention
effect can be enhanced. Second, third and fourth TFTs M2,
M3, and DT may be implemented as a p-type LTPS TFT.
When the fourth TFT DT used as a driving element and the
second TFT M2 having a short off period are implemented
as the LTPS TFT, since the charge mobility is high, an
amount of current flowing through the OLED can be
increased to increase the driving efliciency and improve the
power consumption.

[0076] The first gate signal SCAN1, the second gate signal
SCAN2 and the third gate signal EM are applied to each of
the sub-pixels during one horizontal period 1H, and define
on/off timings of the switching elements M1, M2 and M3.
Since the first TFT M1 is implemented as the n-type oxide
TFT, a gate on voltage of the first gate signal SCANI is set
to the gate high voltage VGH and a gate off voltage thereof
is set to the gate low voltage VGL. Since the second to
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fourth TFTs M2, M3, and DT are implemented as the p-type
LTPS TFTs, gate on voltages of the second and third gate
signals SCAN2 and EM are set to the gate low voltage VGL
and gate off voltages thereof are set to the gate high voltage
VGH.

[0077] The first gate signal SCAN1 is maintained at the
gate on voltage VGH for one horizontal period 1H, and then
is remained at the gate off voltage VGL for the remaining
frame period. The second gate signal SCAN2 is generated as
the gate on voltage VGL within an initialization period Ti
initially allocated in one horizontal period 1H and then is
remained at the gate off voltage VGH for the remaining
frame period. The third gate signal EM is generated as the
gate-off voltage VGH in synchronization with the second
gate signal SCAN2 in the initialization period Ti within one
horizontal period 1H and then is inverted as the gate on
voltage VGL. The third gate signal EM is generated as the
gate off voltage VGH during the sampling period Ts and the
programming period Tw and is then inverted as the gate on
voltage VGL. The third gate signal EM is maintained at the
gate on voltage VGL during the remaining frame period, i.e.,
an emission period Tem after one horizontal period 1H, or
may be inverted between the gate on voltage VGL and the
gate off voltage VGH depending on a duty ratio of pulse
width modulation (PWM) set in advance for duty driving of
sub-pixels.

[0078] The first TFT M1 is a switching element which
supplies the data voltage Vdata to the first node nl in
response to the first gate signal SCANI. The first TFT M1
includes a gate connected to the first gate line GL1, a first
electrode connected to the data line DL1, and a second
electrode connected to the first node nl.

[0079] The second TFT M2 is a switching element for
switching a current flowing in the OLED EL in response to
the third gate signal EM. A gate of the second TFT M2 is
connected to the third gate line GL3. A first electrode of the
second TFT M2 is connected to the first power line PL1 to
which the pixel driving voltage VDD is supplied. A second
electrode of the second TFT M2 is connected to the second
node n2.

[0080] The third TFT M3 supplies an initializing voltage
VINI to the third node n3 in response to the second gate
signal SCAN2. The third TFT M3 includes a gate connected
to the second gate line GL.2, a first electrode connected to the
third node n3, and a second electrode connected to the
second power line PL.2.

[0081] The fourth TFT DT is a driving element for adjust-
ing a current loled flowing in the OLED EL depending on
a gate-source voltage Vgs. The fourth TFT DT includes a
gate connected to the first node nl, a first electrode con-
nected to the second node n2, and a second electrode
connected to the third node n3.

[0082] The sub-pixels operate in the initialization period
Ti, the sampling period Ts, the programming period Tw, and
the emission period Tem for one horizontal period 1H,
sample a threshold voltage of the fourth TFT DT, which is
a driving element, and compensate a data voltage Vdata
input in a current frame period by the threshold voltage.
[0083] At a start of the initialization period Ti, the first
gate signal SCANI is generated at the gate high voltage
VGH and the second gate signal SCAN2 is generated at the
gate low voltage VGL. At the same time, the third gate
signal EM is generated as VGH and then inverted as VGL.
During the initialization period Ti, the second TFT M2 is
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turned off to cut off the current path of the OLED. The first
and third TFTs M1 and M3 are turned on during the
initialization period Ti. During the initialization period Ti, a
predetermined reference voltage Vref is supplied to the data
line DL1. During the initialization period Ti, a voltage of the
first node n1 is initialized to the reference voltage Vref and
a voltage of the third node n3 is initialized to a predeter-
mined initialization voltage VINI. After the initialization
period Ti, the second gate signal SCAN?2 is inverted as VGH
and the third TFT M3 is turned off.

[0084] During the sampling period Ts, the first gate signal
SCAN1 is maintained at VGH and the second gate signal
SCAN2 is maintained at VGH. The third gate signal EM is
inverted as VGH at the beginning of the sampling period Ts.
During the sampling period Ts, the first TFT M1 remains on
state. The second TFT M2 is turned off during the sampling
period Ts. The third TFT M3 remains off state during the
sampling period Ts. During the sampling period Ts, the
reference voltage Vref is supplied to the data line DLI.
During the sampling period Ts, the voltage of the first node
nl is maintained at the reference voltage Vref, while the
voltages of the second and third nodes n2 and n3 are raised
by a drain-source current of the fourth TFT DT. By such a
source-follower circuit, the gate-source voltage Vgs of the
fourth TFT DT is sampled as a threshold voltage Vth of the
fourth TFT DT.

[0085] During the programming period Tw, the first TFT
M1 maintains the on state and the remaining second and
third TFTs M2 and M3 maintain the off state. The data
voltage Vdata of the input image is supplied to the data line
DL1 during the programming period Tw. The data voltage is
supplied to the first node nl, and a result of voltage
distribution between the capacitors Cst and Cvdd with
respect to a voltage change (Vdata-Vref) of the first node nl
1s reflected on the second node n2 so that the gate-source
voltage Vgs of the fourth TFT DT is programmed. During
the programming period Tw, the voltage of the first node nl
is the data voltage Vdata, and the voltage of the second node
n2 becomes “Vref-Vth+C'*(Vdata-Vref)” by adding a volt-
age distribution result (C*(Vdata-Vref)) between the
capacitors Cst and Cvdd to the “Vref-Vth” set through the
sampling period Ts. As a result, the gate-source voltage Vs
of the fourth TFT DT is programmed as “Vdata-2Vref+
Vth-C*(Vdata-Vref)” through the programming period Tw.
Here, C' is Cst/(Cst+Cvdd).

[0086] When the emission period Tem starts, the first and
third gate signals SACN1 and EM are inverted as VGL,
while the second gate signal SCAN2 is maintained at VGH.
During the emission period Tem, the second TFT M2
maintains the on state to form a current path of the OLED.
The first and third TFTs M1 and M3 remain the off state. The
fourth TFT DT adjusts an amount of current of the OLED
depending on the data voltage during the emission period
Tem.

[0087] The current Ioled flowing in the OLED during the
emission period Tem is expressed by Equation 1. The OLED
emits light by this current to express a brightness of the input
image.

k 2 [Equation 1]
loled = 5[(1 — C')(Vdata— Vref)]
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[0088] Here, k is a proportional constant determined by a
mobility, a parasitic capacitance, a channel capacity of the
fourth TFT DT.

[0089] Since Vth is included in the programmed Vgs
through the programming period Tw, Vth is erased from
bled. Therefore, the threshold voltage Vth of the driving
element, that is, the fourth TFT DT, does not affect the
current loled of the OLED.

[0090] FIG. 6 is a diagram schematically illustrating an
example in which a second GIP circuit 300 is composed of
two GIP circuits sharing a start pulse.

[0091] Referring to FIG. 6, a first GIP circuit 200 is
composed of a shift register that receives a first start pulse
VST1 and a shift clock CLK (SCAN2) and sequentially
outputs a second gate signal SCAN2. Transistors of the first
GIP circuit 200 may be implemented as p-type TFTs as
shown in FIG. 12.

[0092] The second GIP circuit 300 includes a second-1
GIP circuit 310 and a second-2 GIP circuit 320 sharing a
second start pulse VST2. The second-1 GIP circuit 310 is
composed of a shift register that receives the second start
pulse VST2 and a shift clock CLK (SCAN1) and sequen-
tially outputs a first gate signal SCAN1. The second-2 GIP
circuit 320 is composed of a shift register that receives the
second start pulse VST2 and a shift clock CLK (EM) and
sequentially outputs a third gate signal EM.

[0093] As shown in FIG. 5, the first gate signal SCAN1
and the third gate signal EM have a slightly different
waveform at the middle portion. However, the first gate
signal SCAN1 and the third gate signal EM are generated in
the same phase with the same initial rising timing within one
horizontal period. As a result, the second start pulse VST2
may be shared in the second-1 and second-2 GIP circuits 310
and 320. Further, as shown in FIGS. 13 and 14, since the
start pulse VST2 and shift clocks SC1_CLK3 and SC1_
CLK4 can be shared in the second-1 and second-2 GIP
circuits 310 and 320, the number of wirings in a bezel area
can be reduced. Therefore, the invention can reduce a size of
the bezel area in which GIP circuits are arranged in the
display panel 100.

[0094] FIG. 7 is a diagram schematically illustrating a
shift register circuit configuration in GIP circuits 200, 310,
and 320. FIG. 8 is a circuit diagram illustrating an n-th stage
for generating an n-th output in a shift register shown in FIG.
7.

[0095] Referring to FIGS. 7 and 8, each of the GIP circuits
200, 310, and 320 shifts output voltages in a timing of the
shift clock CLK using a plurality of stages ST (n) to ST
(n+3) connected in a cascade connection via a carry signal
line.

[0096] Each of the stages ST (n) to ST (n+3) receives a
start pulse or a carry signal CAR received from a previous
stage as a start pulse, and generates an output when a shift
clock is input.

[0097] Each of the stages ST (n) to ST (n+3) includes a
pull-up transistor Tu which charges an output node in
response to a Q node voltage to increase the output voltages
Vout (n) to Vout (n+3), a pull-down transistor Td which
discharges the output node in response to a QB node voltage
to decrease the output voltages, and a switching circuit 70
for charging and discharging the Q node and the QB node.
The output nodes of each of the stages are connected to the
gate lines of the display panel.
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[0098] The pull-up transistor Tu charges the output node
when the shift clock CLK is input in a state that the Q node
is pre-charged. When the shift clock CLK is input to the
pull-up transistor Tu, a voltage of the Q node floated through
a parasitic capacitance of the pull-up transistor Tu rises more
than the pre-charged voltage by bootstrapping, so that the
pull-up transistor Tu is turned on. The gate signals SCANT,
SCAN2 and EM may be generated as a waveform of the
shift clock CLK applied to the pull-up transistor Tu. The
pull-down transistor Td connects the output node to a node
to which the gate off voltage is applied when a QB node is
charged to discharge the output voltage to the gate off
voltage.

[0099] The switching circuit 70 charges the Q node in
response to the start pulse VST input through a VST terminal
or the carry signal received from the previous stage, and
discharges the Q node in response to a signal received
through a RST terminal or a VNEXT terminal. A reset signal
for simultaneously discharging Q nodes of all the stages ST
(n-1), ST (n), and ST (n+1) is applied to the RST terminal.
A carry signal generated from a next stage is applied to the
VNEXT terminal to discharge the Q node.

[0100] FIG.9is a waveform diagram illustrating a Q node
voltage, a QB node voltage, and an output voltage Vout (n)
of an n-th stage in second GIP circuits 310 and 320 imple-
mented as n-type TFTs. The waveform of FIG. 9 is inverted
in phase in the instance of the first GIP circuit 200 imple-
mented as p-type TFTs.

[0101] FIG. 10 is a waveform diagram illustrating a shift
clock applied to the GIP circuits 200, 310, and 320.
[0102] Referring to FIG. 10, a first shift clock CLK
(SCAN2) includes four-phase clock signals SC2_CLK1 to
SC2_CLK4, which are generated in the same waveform as
the waveform of the second gate signal SCAN2 and sequen-
tially shifted. The first shift clock CLK (SCAN2) is supplied
to the first GIP circuit 200.

[0103] A second-1 shift clock CLK (SCAN1) includes
four-phase clock signals SC1_CLK1 to SC1_SCIL4, which
are generated in the same waveform as the waveform of the
first gate signal SCAN1 and are sequentially shifted. The
second-1 shift clock CLK (SCAN1) is supplied to the
second-1 GIP circuit 310.

[0104] A second-2 shift clock CLK (EM) includes four-
phase clock signals EM_CLK1 to EM_CLK4, which are
generated in the same waveform as the waveform of the
third gate signal EM and sequentially shifted. The second-2
shift clock CLK (EM) is supplied to the second-2 GIP circuit
320.

[0105] The second-1 shift clock CLK (SCAN1) and the
second-2 shift clock CLK (EM) have the same phase by
being synchronized in phase with each other in the initial
rising timing and the last falling timing in one horizontal
period 1H. Therefore, shift clocks other than shift clocks
applied to the pull-up transistors in the GIP circuit are shared
in the second-1 GIP circuit 310 and the second-2 GIP circuit
320.

[0106] The shift clocks CLK (SCAN1), CLK (SCAN2),
and CLK (EM) are not limited to four-phase clocks. For
example, the shift clocks may be generated as a two-phase
clock, a six-phase clock, or an eight-phase clock depending
on overlap period and pulse width of the gate signal.
[0107] FIG. 11 is a circuit diagram illustrating an example
of a connection relationship between a pixel circuit and GIP
circuits according to an embodiment of the invention.
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[0108] Referring to FIG. 11, the first GIP circuit 200
supplies the gate signal SCAN2 to the p-type TFT M3 of the
pixel circuit using a plurality of p-type TFTs. The first GIP
circuit 200 receives the first start pulse VST1 and the shift
clock CLK (SCAN2) and outputs the second gate signal
SCAN2. The second gate signal SCAN2 is supplied to the
sub-pixels through the second gate line GL.2.

[0109] The second-1 GIP circuit 310 supplies the gate
signal SCANT to the n-type TFT M1 of the pixel circuit
using a plurality of n-type TFTs. The second-2 GIP circuit
320 supplies a different gate signal EM to the p-type TFT
M2 of the pixel circuit using a plurality of n-type TFTs.
[0110] The second-1 GIP circuit 310 receives the second
start pulse VST2 and the shift clock CLK (SCAN1) and
outputs the first gate signal SCAN1. The first gate signal
SCANT is supplied to the sub-pixels through the first gate
line GL1. The second-2 GIP circuit 320 receives the second
start pulse VST2 and the shift clock CLK (EM) and outputs
the third gate signal EM. The third gate signal EM is
supplied to the sub-pixels through the third gate line GL3.
[0111] The GIP circuits 200, 310, and 320 may be imple-
mented as circuits as shown in FIGS. 12 to 14, but are not
limited thereto.

[0112] FIG. 12 is a circuit diagram illustrating an example
of the first GIP circuit 200.

[0113] Referring to FI1G. 12, the first GIP circuit 200 is
composed of p-type TFTs. An n-th stage of the first GIP
circuit 200 includes a pull-up transistor PM6 for charging an
output node in response to a Q node voltage and charging an
output voltage OUT to a gate on voltage VGL, a pull-down
transistor PM7 for adjusting the output voltage OUT to a
gate off voltage VGH in response to a QB node voltage, and
a switching circuit for charging and discharging the Q node
and the QB node. The output voltage OUT is supplied to the
second gate line GL.2 as the second gate signal SCAN2 and
is also transmitted to the other stage as a carry signal CAR.
The switching circuit includes a plurality of TFTs PM1 to
PM5 and PM8. The n-th stage of the first GIP circuit 200
includes a VGL node to which the VGL is supplied, a VGH
node to which the VGH is supplied, CLK nodes to which
shift ¢locks SC2_CLK1, SC2_CLK3, and SC2_CLK4 are
input, and a VST node to which a first start pulse VST1 or
a carry signal of a previous stage is input.

[0114] Afirst TFT PM1 and a second TFT PM2 supply the
VGL to the Q node in response to a signal input through the
VST node and a first CLK node, thereby precharging the Q
node to the VGL. The first and second TFTs PM1 and PM2
are turned on when a gate voltage is the VGL to precharge
the Q node. The first CLK node receives the shift clock
SC2_CLK4 synchronized with a precharging timing of the
Q node. The first TFT PM1 includes a gate connected to the
VST node, a first electrode connected to the VGL node, and
a second electrode connected to the second TFT PM2. The
second TFT PM2 includes a gate connected to the first CLK
node, a first electrode connected to the first TFT PM1, and
a second electrode connected to the Q node.

[0115] A third TFT PM3 charges and discharges the Q
node in response to the QB node voltage. The third TFT
PM3 is turned on when the QB node voltage is the VGL. The
third TFT PM3 includes a gate connected to the QB node, a
first electrode connected to the Q node, and a second
electrode connected to the VGH node.

[0116] A fourth TFT PM4 is turned on in response to the
VGL of the shift clock SC2_CLK3 input through a second



US 2018/0151125 Al

CLK node to supply the VGL to the QB node to precharge
the QB node. The fourth TFT PM4 includes a gate connected
to the second CLK node, a first electrode connected to the
VGL node, and a second electrode connected to the QB
node.

[0117] A fifth TFT PMS5 is turned on in response to the
VGL of a signal input through the VST node to connect the
QB node to the VGH node to adjust a voltage of the QB node
to the VGH. The fifth TFT PMS5 includes a gate connected
to the VST node, a first electrode connected to the QB node,
and a second electrode connected to the VGH node.
[0118] A sixth TFT PM6 is a pull-up transistor that is
turned on when the shift clock SC2_CLK1 is input through
a third CLK node to adjust a voltage of the output node to
the VGL. When the sixth TFT PM6 is turned on, a voltage
of the second gate line GL.2 connected to the output node
changes into the gate on voltage VGL. When the shift clock
SC2_CLK1 is input to the sixth TFT PM6 with the VGL
voltage in a state that the Q node is precharged to the VGL,
a voltage of the Q node rises to 2VGL by bootstrapping and
the sixth TFT PM6 is turned on. The sixth TFT PM6
includes a gate connected to the Q node, a first electrode
connected to the third CLK node, and a second electrode
connected to the output node.

[0119] A seventh TFT PM?7 is turned on in response to the
VGL of the QB node to connect the output node to the VGH
node to adjust a voltage of the second gate line GL2 to the
gate off voltage VGH. The seventh TFT PM7 includes a gate
connected to the QB node, a first electrode connected to the
output node, and a second electrode connected to the VGH
node.

[0120] FIG. 13 is a circuit diagram illustrating an example
of a second-1 GIP circuit 310. FIG. 14 is a circuit diagram
illustrating an example of a second-2 GIP circuit 320. As
shown in FIGS. 13 and 14, the second-1 and second-2 GIP
circuits 310 and 320 may be implemented as the same
circuit, but are not limited thereto.

[0121] Referring to FIG. 13, the second-1 GIP circuit 310
is composed of n-type TFTs. An n-th stage of the second-1
GIP circuit 310 includes a pull-up transistor NM16 for
charging an output node in response to a Q node voltage and
charging the output voltage OUT to a gate on voltage VGH,
a pull-down transistor NM17 for lowering the output voltage
OUT to a gate off voltage VGL in response to a QB node
voltage, and a switching circuit for charging and discharging
the Q node and the QB node. The switching circuit includes
a plurality of TFTs NM11 to NM15, NM18. The output
voltage OUT is supplied to the first gate line GL1 as the first
gate signal SCAN1 and transmitted as a carry signal CAR to
the other stage.

[0122] The n-th stage of the second-1 GIP circuit 310
includes a VGL node to which the VGL is supplied, a VGH
node to which the VGH is supplied, CLK nodes to which
shift clocks SC1_CLK1, SC1_CLK3, and SC1_CLK4 are
input, and a VST node to which a second start pulse VST2
or a carry signal of a previous stage is input.

[0123] Afirst TFT NM11 and a second TFT NM12 supply
the VGH to the Q node in response to a signal input through
the VST node and a first CLK node, thereby precharging the
Q node to the VGH. The first and second TFTs NM11 and
NM12 are turned on when a gate voltage is the VGH to
precharge the Q node. The first CLK node receives the shift
clock SC1_CLK4 synchronized with a precharging timing
of the Q node. The first TFT NM11 includes a gate con-
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nected to the VST node, a first electrode connected to the
VGH node, and a second electrode connected to the second
TFT NM12. The second TFT NM12 includes a gate con-
nected to the first CLK node, a first electrode connected to
the first TFT NM11, and a second electrode connected to the
Q node.

[0124] A third TFT NM13 charges and discharges the Q
node in response to the QB node voltage. The third TFT
NM13 is turned on when the QB node voltage is the VGH.
The third TFT NM13 includes a gate connected to the QB
node, a first electrode connected to the Q node, and a second
electrode connected to the VGL node.

[0125] A fourth TFT NM14 is turned on in response to the
VGH of the shift clock SC1_CLK3 input through a second
CLK node to supply the VGH to the QB node to precharge
the QB node. The fourth TFT NM14 includes a gate con-
nected to the second CLK node, a first electrode connected
to the VGH node, and a second electrode connected to the
QB node.

[0126] A fifth TFT NM15 is turned on in response to the
VGH of a signal input through the VST node to connect the
QB node to the VGL node to discharge a voltage of the Q
node to the VGL. The fifth TFT NM15 includes a gate
connected to the VST node, a first electrode connected to the
QB node, and a second electrode connected to the VGL
node.

[0127] A sixth TFT NM16 is a pull-up transistor that is
turned on when the shift clock SC1_CLK1 is input through
a third CLK node to raise a voltage of the output node to the
VGH. When the sixth TFT NM16 is turned on, a voltage of
the first gate line GL.1 connected to the output node changes
into the gate on voltage VGH. When the shift clock SC1_
CLK1 is input to the sixth TFT NM16 with the VGH voltage
in a state that the Q node is precharged to the VGH, a voltage
of the Q node rises to 2VGH by bootstrapping and the sixth
TFT NM16 is turned on. The sixth TFT NM16 includes a
gate connected to the Q node, a first electrode connected to
the third CLK node, and a second electrode connected to the
output node.

[0128] A seventh TFT NM17 is turned on in response to
the VGH of the QB node to connect the output node to the
VGL node to lower a voltage of the first gate line GL1 to the
gate off voltage VGL. The seventh TFT NM17 includes a
gate connected to the QB node, a first electrode connected
to the output node, and a second electrode connected to the
VGL node.

[0129] Referring to FIG. 14, the second-2 GIP circuit 320
1s composed of n-type TFTs. An n-th stage of the second-2
GIP circuit 320 includes a pull-up transistor NM26 for
charging an output node in response to a Q node voltage and
charging the output voltage OUT to a gate on voltage VGH,
apull-down transistor NM27 for lowering the output voltage
OUT to a gate off voltage VGL in response to a QB node
voltage, and a switching circuit for charging and discharging
the Q node and the QB node. The switching circuit includes
a plurality of TFTs NM21 to NM25, NM28. The output
voltage OUT is supplied to the third gate line GL3 as the
third gate signal EM and transmitted as a carry signal CAR
to the other stage.

[0130] The n-th stage of the second-2 GIP circuit 320
includes a VGL node to which the VGL is supplied, a VGH
node to which the VGH is supplied, CLK nodes to which
shift clocks EM_CLK1, EM_CLK3, and EM_CLK4 are
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input, and a VST node to which a second start pulse VST2
or a carry signal of a previous stage is input.

[0131] Phases of signals output from the second-1 and
second-2 GIP circuits 310 and 320 are the same and phases
of the shift clocks CLK (SCAN1) and CLK (EM) are the
same. Therefore, a start pulse VST of the second-1 and
second-2 GIP circuits 310 and 320 is shared, as shown in
FIG. 15, so that the number of VST wirings 151 can be
reduced and the number of output pins of the timing con-
troller 120 can be reduced.

[0132] The second-1 shift clock CLK (SCAN1) and the
second-2 shift clock CLK (EM) have the same phase in one
horizontal period 1H. The shift clocks applied to the first and
second CLK nodes of the second-1 and second-2 GIP
circuits 310 and 320 may be shared. For example, as shown
in FIGS. 13 and 14, the shift clocks applied to the first and
second CLK nodes of the second-2 GIP circuit 320 are
applied as SC1_CLK3 and SC1_CLK4, so that the second-2
GIP circuit 320 may share shift clocks with the second-1
GIP circuit 310.

[0133] Afirst TFT NM21 and a second TFT NM22 supply
the VGH to the Q node in response to a signal input through
the VST node and a first CLK node, thereby precharging the
Q node to the VGH. The first and second TFTs NM21 and
NM22 are turned on when a gate voltage is the VGH to
precharge the Q node. The first CLK node receives the shift
clock EM_CLK4 or SC1_CLK4 synchronized with a pre-
charging timing of the Q node. The first TFT NM21 includes
a gate connected to the VST node, a first electrode connected
to the VGH node, and a second electrode connected to the
second TFT NM22. The second TFT NM22 includes a gate
connected to the first CLK node, a first electrode connected
to the first TEFT NM21, and a second electrode connected to
the Q node.

[0134] A third TFT NM23 charges and discharges the Q
node in response to the QB node voltage. The third TFT
NM23 is turned on when the QB node voltage is the VGH.
The third TFT NM23 includes a gate connected to the QB
node, a first electrode connected to the Q node, and a second
electrode connected to the VGL node.

[0135] A fourth TFT NM24 is turned on in response to the
VGH of the shift clock EM_CLK3 or SC1_CLK3 input
through a second CLK node to supply the VGH to the QB
node to precharge the QB node. The fourth TFT NM24
includes a gate connected to the second CLK node, a first
electrode connected to the VGH node, and a second elec-
trode connected to the QB node.

[0136] A fifth TFT NM25 is turned on in response to the
VGH of a signal input through the VST node to connect the
QB node to the VGL node to discharge a voltage of the Q
node to the VGL. The fifth TFT NM25 includes a gate
connected to the VST node, a first electrode connected to the
QB node, and a second electrode connected to the VGL
node.

[0137] A sixth TFT NM26 is a pull-up transistor that is
turned on when the shift clock EM_CILK1 is input through
a third CLK node to raise a voltage of the output node to the
VGH. When the sixth TFT NM26 is turned on, a voltage of
the third gate line GL3 connected to the output node changes
into the gate on voltage VGH. When the shift clock
EM_CLKI1 is input to the sixth TFT NM26 with the VGH
voltage in a state that the Q node is precharged to the VGH,
a voltage of the Q node rises to 2VGH by bootstrapping and
the sixth TFT NM26 is turned on. The sixth TFT NM26
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includes a gate connected to the Q node, a first electrode
connected to the third CLK node, and a second electrode
connected to the output node.

[0138] A seventh TFT NM27 is turned on in response to
the VGH of the QB node to connect the output node to the
VGL node to lower a voltage of the third gate line GL.3 to
the gate off voltage VGL. The seventh TFT NM27 includes
a gate connected to the QB node, a first electrode connected
to the output node, and a second electrode connected to the
VGL node.

[0139] In FIGS. 12 to 14, the output nodes of the GIP
circuits 200, 310, and 320 are illustrated as one, but may be
separated into a gate signal output node and a carry signal
output node. In this instance, a pull-up transistor connected
to the Q node is added. Also, in order to reduce the DC gate
bias stress of the pull-down transistors, the QB nodes may
be separated and the QB nodes may be alternately driven by
alternating current (AC) by connecting pull-down transistors
to each of the QB nodes.

[0140] FIG. 15 is a diagram illustrating VST wiring 151
and CLK wirings connected to a second GIP circuit. In FIG.
15, “SC11” to “SC15” show a stage connection structure of
the second-1 GIP circuit 310. Further “EM 1” to “EM 5”
shows a stage connection structure of the second-2 GIP
circuit 320.

[0141] FIGS. 16 and 17 are views illustrating a cross-
sectional structure of TFTs in a TFT array substrate of a
display panel 100 according to an embodiment of the
invention.

[0142] Referring to FIG. 16, sub-pixels of an active area
A/A include a p-type TFT PT1 and an n-type TFT NT1. The
first GIP circuit 200 is composed of a p-type TFT PT2 and
the second GIP circuits 310 and 320 are composed of an
n-type TFT NT2. The LTPS TFT may be implemented as a
p-type TFT (PT1. PT2) of a top-gate structure. The oxide
TFT may be implemented as an n-type TFT (NT1, NT2) of
a bottom-gate structure.

[0143] A buffer layer BUF is formed on an entire surface
of a substrate SUB. The buffer layer BUF may be omitted.
A light shielding layer may be selectively formed only at a
necessary portion between the buffer layer BUF and the
substrate SUB. The light shielding layer may be formed for
the purpose of preventing external light from entering a
semiconductor layer of a TFT disposed thereon.

[0144] First semiconductor patterns PACT1 and PACT2
are formed on the buffer layer BUF. The first semiconductor
pattern PACT1 and PACT?2 include channel regions of the
p-type TFTs PT1 and PT2. The channel region is defined as
overlapping region of a gate of the TFT and the semicon-
ductor pattern. Impurities are doped into both sides of the
first semiconductor patterns PACT1 and PACT?2 to change
into a p-type semiconductor region. A source or a drain of
the TFTs PT1 and PT2 is connected to the p-type semicon-
ductor region.

[0145] A first gate insulating layer GI1 is formed on the
buffer layer BUF so as to cover the first semiconductor
patterns PACT1 and PACT?2. First gate metal patterns G11,
G21, G31 and G41 are formed on the first gate insulating
layer GI1. The first gate metal patterns G11, G21, G31 and
G41 include gates of the p-type TFTs PT1 and PT2 and the
n-type TFTs NT1 and NT2.

[0146] An interlayer insulating layer ILD is formed on the
first gate insulating layer GI1 so as to cover the first gate
metal patterns G11, G21, G31, and G41. Second gate metal
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patterns G12 and G32 are formed on the interlayer insulating
layer ILD. Capacitor are formed between the gate metal
patterns G11-G12 and G31-G32 overlapped with the inter-
layer insulating layer ILD interposed therebetween.

[0147] A second gate insulating layer GI2 is formed on the
interlayer insulating layer ILD so as to cover the second gate
metal patterns G12 and G32. Second semiconductor patterns
NACT1 and NACT2 and source-drain metal patterns SD11,
SD12, SD21, SD31, SD32, SD41 and SD42 are formed on
the second gate insulating layer GI2. The second semicon-
ductor patterns NACT1 and NACT?2 define channel regions
of the n-type TFTs NT1 and NT2. The source-drain metal
patterns SD11, SD12, SD31, and SD32 are connected to the
first semiconductor patterns PACT1 and PACT2 of the
p-type TFTs PT1 and PT2 through contact holes passing
through the insulating layers GI1, ILD and GI2. The source-
drain metal patterns SD11, SD12, SD21, SD31, SD32, SD41
and SD42 include the source and drain of the p-type TFTs
PT1 and PT2 and the n-type TFTs NT1 and NT2. In addition,
the source-drain metal patterns SD12, SD21, SD41, and
SD42 are in contact with impurity-doped both side of n-type
semiconductor regions in the second semiconductor patterns
NACTI and NACT2.

[0148] A passivation layer PAS is formed on the second
gate insulating layer GI2 so as to cover the second semi-
conductor patterns NACT1 and NACT2 and the source-
drain metal patterns SD11, SD12, SD21, SD31, SD32,
SD41. and SD42. A planarization layer PLN is formed on the
passivation layer PAS. An anode ANO of an OLED is
connected to the p-type TFT PT1 through a contact hole
passing through the planarization layer PLN and the passi-
vation layer PAS.

[0149] A bank pattern BNK is formed on the planarization
layer PLN to define an OLED light emitting region. An
organic compound layer OL of the OLED is deposed on the
OLED light emitting region and a cathode CAT is formed
thereon. A face seal FSEAL is formed on a TFT array
substrate so as to cover the cathode CAT to prevent moisture
permeation so that the OLED is not exposed to moisture.

[0150] Referring to FIG. 17, sub-pixels of an active area
A/A include a p-type TFT PT1 and an n-type TFT NT1. The
first GIP circuit 200 is composed of a p-type TFT PT2 and
the second GIP circuits 310 and 320 are composed of an
n-type TFT NT2. In FIG. 17, the LTPS TFT may be
implemented as a p-type TFT (PT1, PT2) of a top-gate
structure. The oxide TFT may be implemented as an n-type
TFT (NT1, NT2) of a bottom-gate structure. In this embodi-
ment, gates G11 and G31 of the p-type TFTs PT1 and PT2
and gates G21 and G41 of the n-type TFTs NT1 and NT2 are
separated with insulating layers ILD1 and ILD2 therebe-
tween.

[0151] A buffer layer BUF is formed on an entire surface
of a substrate SUB. The buffer layer BUF may be omitted.
A light shielding layer may be selectively formed only at a
necessary portion between the buffer layer BUF and the
substrate SUB. The light shielding layer may be formed for
the purpose of preventing external light from entering a
semiconductor layer of a TFT disposed thereon.

[0152] First semiconductor patterns PACT1 and PACT2
are formed on the buffer layer BUF. The first semiconductor
pattern PACT1 and PACT2 include channel regions of the
p-type TFTs PT1 and PT2. Impurities are doped into both
sides of the first semiconductor patterns PACT1 and PACT2
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to change into a p-type semiconductor region. A source or a
drain of the TFTs PT1 and PT2 is connected to the p-type
semiconductor region.

[0153] A first gate insulating layer GI1 is formed on the
buffer layer BUF so as to cover the first semiconductor
patterns PACT1 and PACT2. First gate metal patterns G11
and G31 are formed on the first gate insulating layer GI1.
The first gate metal patterns G11 and G31 include gates of
the p-type TFTs PT1 and PT2.

[0154] A first interlayer insulating layer ILD1 is formed on
the first gate insulating layer GI1 so as to cover the first gate
metal patterns G11 and G31. Second gate metal patterns G12
and G32 are formed on the first interlayer insulating layer
ILD1. Capacitor are formed between the gate metal patterns
G11-G12 and G31-G32 overlapped with the first interlayer
insulating layer ILD1 interposed therebetween.

[0155] A second interlayer insulating layer ILD2 is formed
on the first interlayer insulating layer ILD1 so as to cover the
second gate metal patterns G12 and G32. Second semicon-
ductor patterns NACT1 and NACT2 are formed on the
second interlayer insulating layer ILD2. The second semi-
conductor patterns NACT1 and NACT2 define channel
regions of the n-type TFTs NT1 and NT2. Impurities are
doped into both sides of the second semiconductor patterns
NACT1 and NACT?2 to change into an n-type semiconduc-
tor region. A second gate insulating layer pattern GI2 and
third gate metal patterns G21 and G41 are stacked on the
second semiconductor patterns NACT1 and NACT2. The
third gate metal patterns G21 and G41 include gates of the
n-type TFTs NT1 and NT2.

[0156] A passivation layer PAS is formed on the second
interlayer insulating layer ILD2 so as to cover the second
semiconductor patterns NACT1 and NACT2 and the third
gate metal patterns G21 and G41. Source-drain metal pat-
terns SD11, SD12, SD21, SD31, SD32, SD41 and SD42 are
formed on the passivation layer PAS. The source-drain metal
patterns SD11, SD12, SD31, and SD32 are connected to the
first semiconductor patterns PACT1 and PACT2 of the
p-type TFTs PT1 and PT2 through contact holes passing
through the insulating layers GI1, ILD1, ILD2, and PAS. In
addition, the source-drain metal patterns SD12, SD21,
SD41, and SD42 are connected to the second semiconductor
patterns NACT1 and NACT?2 of the n-type TFTs NT1 and
NT2 through contact holes passing through the passivation
layer PAS. The source-drain metal patterns SD11, SD12,
SD21, SD31, SD32, SD41 and SD42 include the source and
drain of the p-type TFTs PT1 and PT2 and the n-type TFTs
NT1 and NT2.

[0157] A planarization layer PLN is formed on the passi-
vation layer PAS. An anode ANO of an OLED is connected
to the p-type TFT PT1 through a contact hole passing
through the planarization layer PLN.

[0158] A bank pattern BNK is formed on the planarization
layer PLN to define an OLED light emitting region. An
organic compound layer OL of the OLED is deposed on the
OLED light emitting region and a cathode CAT is formed
thereon. A face seal FSEAL is formed on a TFT array
substrate so as to cover the cathode CAT to prevent moisture
permeation so that the OLED is not exposed to moisture.
[0159] As described above, one or more embodiments of
the invention generate a gate signal of an n-type TFT and a
p-type TFT of a pixel circuit by using a GIP circuit com-
posed of n-type TFTs. Therefore, the invention can minimize
the size of the GIP circuit and the size of the bezel area in
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the display panel in which the n-type TFT and the p-type
TFT are embedded in each of the pixels. Furthermore, since
the start pulse and the shift clock can be shared between the
GIP circuits, the invention can further reduce the GIP circuit
and the bezel area.

[0160] 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.

What is claimed is:

1. A display panel comprising:

pixels in which data lines and gate lines are crossed and
which are arranged in a matrix form; and

a gate driver configured to supply a gate pulse to the gate
lines,

wherein each pixel circuit of the pixels includes one or
more n-type transistors and two or more p-type tran-
sistors, and

wherein the gate driver includes:

a first gate driving circuit configured to supply a first gate
signal to an n-type transistor of the pixel circuit using
a plurality of n-type transistors;

a second gate driving circuit configured to supply a
second gate signal to one of the p-type transistors of the
pixel circuit using a plurality of p-type transistors; and

a third gate driving circuit configured to supply a third
gate signal to another one of the p-type transistors of
the pixel circuit using a plurality of n-type transistors.

2. The display panel of claim 1, wherein each of the n-type
transistors includes an oxide thin film transistor (TFT).

3. The display panel of claim 1, wherein each of the p-type
transistors includes a low temperature polysilicon (LTPS)
thin film transistor.

4. The display panel of claim 1, wherein each of the first,
second and third gate driving circuits includes a shift register
which receives a start pulse and shift clocks and shifts an
output signal, and

wherein the first and third gate driving circuits share a
start pulse, or share a part of a start pulse and shift
clocks.

5. The display panel of claim 4, wherein the shift clock
controls a shift timing of the first gate signal, the second gate
signal and the third gate signal.

6. The display panel of claim 4, wherein the shift register
includes a plurality of stages, each of the stages includes a
pull-up transistor which charges an output node in response
to a Q node voltage to increase output voltages, a pull-down
transistor which discharges the output node in response to a
QB node voltage to decrease the output voltages, and a
switching circuit for charging and discharging the Q node
and the QB node, the output nodes of each of the stages are
connected to the gate lines, and

wherein the Q node is a connection node between the
pull-up transistor and the switching circuit, and the QB
node is a connection node between the pull-down
transistor and the switching circuit.
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7. The display panel of claim 1, wherein each pixel circuit
further includes a light emitting element and a driving
element, the n-type transistor supplied with the first gate
signal is a switching element which supplies a data voltage
to a first node in response to the first gate signal and includes
a gate connected to a first gate line, a first electrode
connected to the data line, and a second electrode connected
to the first node; the p-type transistor supplied with the third
gate signal is a switching element for switching a current
flowing in the light emitting element in response to the third
gate signal and includes a gate connected to a third gate line,
a first electrode connected to a first power line to which a
pixel driving voltage is supplied, and a second electrode
connected to a second node; the p-type transistor supplied
with the second gate signal is a switching element which
supplies an initializing voltage to a third node in response to
the second gate signal and includes a gate connected to a
second gate line, a first electrode connected to the third node,
and a second electrode connected to a second power line to
which the pixel driving voltage is supplied, and

wherein the first node, the second node and the third node

are a gate, a first electrode and a second electrode of the
driving element respectively.

8. A display panel comprising:

pixels in which data lines and gate lines are crossed, and

each pixel circuit of the pixels including an n-type
transistor and a p-type transistor;
a first gate driving circuit configured to supply a first gate
signal to the n-type transistor of the pixel circuit using
a plurality of n-type transistors; and

a second gate driving circuit configured to supply a
second gate signal to the p-type transistor of the pixel
circuit using a plurality of n-type transistors,

wherein the first and second gate driving circuits share a

part of input signals.

9. The display panel of claim 8, wherein each of the n-type
transistors includes an oxide thin film transistor (TFT).

10. The display panel of claim 8, wherein each of the
p-type transistors includes a low temperature polysilicon
(LTPS) thin film transistor.

11. The display panel of claim 8, wherein each of the first
and second gate driving circuits includes a shift register
which receives a start pulse and shift clocks and shifts an
output signal, and

wherein the first and second gate driving circuits share a

start pulse, or share a part of a start pulse and shift
clocks.

12. The display panel of claim 11, wherein the shift
register includes a plurality of stages, each of the stages
includes a pull-up transistor which charges an output node in
response to a Q node voltage to increase output voltages, a
pull-down transistor which discharges the output node in
response to a QB node voltage to decrease the output
voltages, and a switching circuit for charging and discharg-
ing the Q node and the QB node, the output nodes of each
of the stages are connected to the gate lines, and

wherein the Q node is a connection node between the

pull-up transistor and the switching circuit, and the QB
node is a connection node between the pull-down
transistor and the switching circuit.

13. An electroluminescence display comprising:

an active area including pixels in which data lines and

gate lines are crossed and which are arranged in a
matrix form;
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a data driver configured to supply a data signal of an input
image to the data lines; and

a gate driver configured to supply a gate pulse to the gate
lines,

wherein each pixel circuit of the pixels includes one or
more n-type transistors and two or more p-type tran-
sistors, and

wherein the gate driver includes:

a first gate driving circuit configured to supply a first gate
signal to an n-type transistor of the pixel circuit using
a plurality of n-type transistors;

a second gate driving circuit configured to supply a
second gate signal to one of the p-type transistors of the
pixel circuit using a plurality of p-type transistors; and

a third gate driving circuit configured to supply a third
gate signal to the other one of the p-type transistors of
the pixel circuit using a plurality of n-type transistors.

14. The electroluminescence display of claim 13, wherein
each of the first, second and third gate driving circuits
includes a shift register which receives a start pulse and shift
clocks and shifts an output signal, and

wherein the first and third gate driving circuits share a
start pulse, or share a part of a start pulse and shift
clocks.

15. The electroluminescence display of claim 14, wherein
the shift register includes a plurality of stages, each of the
stages includes a pull-up transistor which charges an output
node in response to a Q node voltage to increase output
voltages, a pull-down transistor which discharges the output
node in response to a QB node voltage to decrease the output
voltages, and a switching circuit for charging and discharg-
ing the Q node and the QB node, the output nodes of each
of the stages are connected to the gate lines, and

wherein the Q node is a connection node between the
pull-up transistor and the switching circuit, and the QB
node is a connection node between the pull-down
transistor and the switching circuit.

16. The electroluminescence display of claim 13, wherein
each pixel circuit further includes a light emitting element
and a driving element, the n-type transistor supplied with the
first gate signal is a switching element which supplies a data
voltage to a first node in response to the first gate signal and
includes a gate connected to a first gate line, a first electrode
connected to the data line, and a second electrode connected
to the first node; the p-type transistor supplied with the third
gate signal is a switching element for switching a current
flowing in the light emitting element in response to the third
gate signal and includes a gate connected to a third gate line,
a first electrode connected to a first power line to which a
pixel driving voltage is supplied, and a second electrode
connected to a second node; the p-type transistor supplied
with the second gate signal is a switching element which
supplies an initializing voltage to a third node in response to
the second gate signal and includes a gate connected to a
second gate line, a first electrode connected to the third node,
and a second electrode connected to a second power line to
which the pixel driving voltage is supplied, and
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wherein the first node, the second node and the third node
are a gate, a first electrode and a second electrode of the
driving element respectively.

17. The electroluminescence display of claim 13, further
comprising a timing controller which controls an operation
timing of the data driver by using a data timing control
signal and controls an operating timing of the gate driver by
using a gate timing control signal,

wherein in a low refresh mode, each of the data driver and

the gate driver has a driving frequency lowered under
the control of the timing controller.

18. The electroluminescence display of claim 17, further
comprising a first level shifter connected to the first gate
driving circuit and a second level shifter connected to the
second and third gate driving circuits,

wherein a voltage level of the gate timing control signal

output from the timing controller is converted through
the first and second level shifters and supplied to the
first gate driving circuit and the second and third gate
driving circuits respectively.

19. An electroluminescence display comprising:

an active area including pixels in which data lines and

gate lines are crossed and which are arranged in a
matrix form, and each pixel circuit of the pixels includ-
ing an n-type transistor and a p-type transistor;

a data driver configured to supply a data signal of an input

image to the data lines;
a first gate driving circuit configured to supply a first gate
signal to the n-type transistor of the pixel circuit using
a plurality of n-type transistors; and

a second gate driving circuit configured to supply a
second gate signal to the p-type transistors of the pixel
circuit using a plurality of n-type transistors,

wherein the first and second gate driving circuits share a

part of input signals.

20. The electroluminescence display of claim 19, wherein
each of the first and second gate driving circuits includes a
shift register which receives a start pulse and shift clocks and
shifts an output signal, and

wherein the first and second gate driving circuits share a

start pulse, or share a part of a start pulse and shift
clocks.

21. The electroluminescence display of claim 20, wherein
the shift register includes a plurality of stages, each of the
stages includes a pull-up transistor which charges an output
node in response to a Q node voltage to increase output
voltages, a pull-down transistor which discharges the output
node in response to a QB node voltage to decrease the output
voltages, and a switching circuit for charging and discharg-
ing the Q node and the QB node, the output nodes of each
of the stages are connected to the gate lines, and

wherein the Q node is a connection node between the

pull-up transistor and the switching circuit, and the QB
node is a connection node between the pull-down
transistor and the switching circuit.
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