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(57) ABSTRACT

An organic light emitting diode display is provided. The
organic light emitting diode display includes a display panel
having a plurality of pixels each including a light emitting
diode, a data driver supplying a plurality of data signals to
the plurality of pixels, a gate driver including a gate unit
supplying a plurality of gate signals to the plurality of pixels
and an emission unit supplying a plurality of emission
signals to the plurality of pixels using a charge pump
element to control a length of an emission period of the light
emitting diode, and a timing controller supplying image data
and a data control signal to the data driver and supplying a
gate control signal to the gate driver.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0150537, filed in Korea on
Nov. 11, 2016, the entire contents of which is incorporated
herein by reference for all purposes as if fully set forth
herein.

BACKGROUND

Field of the Invention

[0002] The present disclosure relates to a display device,
and more particularly, to an organic light emitting diode
(OLED) display.

Discussion of the Related Art

[0003] With the development of information society,
demands for display devices displaying an image are
increasing in various ways. Various flat panel displays, such
as a liquid crystal display (LCD), a plasma display panel
(PDP), and an organic light emitting diode (OLED) display,
have been recently used.

[0004] An OLED display includes self-emitting elements
capable of emitting light by themselves and has advantages
of a fast response time, a high emission efficiency, a high
luminance, and a wide viewing angle. The OLED display
generally uses a current driving method that controls an
amount of current and controls a luminance of an organic
light emitting diode.

[0005] However, because the OLED display displays an
image by allowing the organic light emitting diode to
continuously emit light during each frame period, a driving
thin film transistor (TFT) has to continuously maintain a
turn-on state. Hence, the driving TFT is deteriorated.
[0006] Namely, a data signal of the same polarity is
applied to a gate electrode of the driving TFT for a long
period of time so that the driving TFT maintains the turn-on
state. Hence, an interface characteristic between the gate
electrode and a gate insulating layer of the driving TFT is
deteriorated. As a result, a threshold voltage of the driving
TFT and characteristics of a display panel are changed, and
display quality of the OLED display is reduced.

[0007] In order to prevent a reduction in the display
quality of the OLED display, a driving method was proposed
to sense a change in the threshold voltage of the driving TFT
and a change in the characteristics of the display panel and
compensate for the changes. Such a compensation driving
method divides one frame into a compensation period and a
display period so as to sense a change in characteristics of
each pixel of a display panel, senses a change in the
characteristics of each pixel without operating a light emit-
ting diode during the compensation period to modulate
image data, and operates the light emitting diode based on
the modulated image data during a remaining period (i.e.,
the display period) excluding the compensation period from
the one frame to display an image.

[0008] A gate driver includes a gate unit outputting a scan
signal and an emission unit outputting an emission signal, so
that the light emitting diode does not emit light during the
compensation period and emits light during the display
period. The gate driver is described below with reference to
FIGS. 1 and 2.
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[0009] FIG. 1 illustrates a gate unit of a gate driver of a
related art OLED display, and FIG. 2 illustrates an emission
unit of a gate driver of a related art OLED display.

[0010] As shown in FIG. 1, a gate unit of a gate driver of
arelated art OLED display includes a shift register including
a plurality of stages. An nth stage GD(n) of the shift register
generates an nth gate signal GS(n) using a gate start voltage
GVST, first, third, and fifth gate clocks GCLK1, GCLK3,
and GCLKS5, a gate high potential voltage GVDD, and a gate
low potential voltage GVSS.

[0011] More specifically, the nth stage GD(n) of the shift
register includes first to eighth transistors T1 to T8 and a first
capacitor CI.

[0012] A gate of the first transistor T1 is connected to a
terminal supplied with the gate start voltage GVST, a drain
of the first transistor T1 is connected to a terminal supplied
with the gate high potential voltage GVDD, and a source of
the first transistor T1 is connected to a drain of the second
transistor T2.

[0013] A gate of the second transistor T2 is connected to
a terminal supplied with the fifth gate clock GCLKS, the
drain of the second transistor T2 is connected to the source
of the first transistor T1, and a source of the second transistor
T2 is connected to a drain of the third transistor T3.
[0014] A gate of the third transistor T3 is connected to a
gate QB node GQB, the drain of the third transistor T3 is
connected to the source of the second transistor T2, and a
source of the third transistor T3 is connected to the gate low
potential voltage GVSS.

[0015] A gate of the fourth transistor T4 is connected to a
terminal supplied with the third gate clock GCLK3, a drain
of the fourth transistor T4 is connected to a terminal supplied
with the gate high potential voltage GVDD, and a source of
the fourth transistor T4 is connected to the gate QB node
GQB.

[0016] A gate of the fifth transistor T5 is connected to a
terminal supplied with the gate start voltage GVST, a drain
of the fifth transistor T5 is connected to the gate QB node
GQB, and a source of the fifth transistor T5 is connected to
a terminal supplied with the gate low potential voltage
GVSS.

[0017] A gate of the sixth transistor T6 is connected to a
gate Q node GQ, a drain of the sixth transistor T6 is
connected to a terminal supplied with the first gate clock
GCLK1, and a source of the sixth transistor T6 is connected
to a drain of the seventh transistor T7.

[0018] A gate of the seventh transistor T7 is connected to
the gate QB node GQB, the drain of the seventh transistor
T7 is connected to the source of the sixth transistor T6, and
a source of the seventh transistor T7 is connected to a
terminal supplied with the gate low potential voltage GVSS.
[0019] The nth gate signal GS(n) is output from a node
between the sixth and seventh transistors T6 and T7. The
first capacitor C1 is connected between the node between the
sixth and seventh transistors T6 and T7 and the gate Q node
GQ.

[0020] A gate of the eighth transistor T8 is connected to
the gate Q node GQ, a drain of the eighth transistor T8 is
connected to the gate QB node GQB, and a source of the
eighth transistor T8 is connected to a terminal supplied with
the gate low potential voltage GVSS.

[0021] As shown in FIG. 2, an emission unit of the gate
driver of the related art OLED display includes an inverter
including a plurality of stages. An nth stage ED(n) of the
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inverter generates an nth emission signal ES(n) using the nth
gate signal GS(n) generated in the gate unit, first, second,
third, and fifth emission clocks ECLK1, ECLK2, ECLK3,
and ECLKS, an emission reset voltage ERST, an emission
high potential voltage EVDD, and an emission low potential
voltage EVSS.

[0022] More specifically, the nth stage ED(n) of the
inverter includes ninth to eighteenth transistors T9 to T18
and a second capacitor C2.

[0023] A gate of the ninth transistor T9 is connected to a
terminal supplied with the first emission clock ECLK1, a
drain of the ninth transistor T9 is connected to a terminal
supplied with the emission high potential voltage EVDD,
and a source of the ninth transistor T9 is connected to an
emission Q node EQ.

[0024] A gate of the tenth transistor T10 is connected to an
emission QB node EQB, a drain of the tenth transistor T10
is connected to the emission Q node EQ, and a source of the
tenth transistor T10 is connected to a terminal supplied with
the emission low potential voltage EVSS.

[0025] A gate of the eleventh transistor T11 is connected
to a terminal supplied with the third emission clock ECLK3,
a drain of the eleventh transistor T11 is connected to a
terminal supplied with a (n-1)th gate signal GS(n-1), and a
source of the eleventh transistor T11 is connected to the
emission QB node EQB.

[0026] A gate of the twelfth transistor T12 is connected to
the emission Q node EQ, a drain of the twelfth transistor T12
is connected to a terminal supplied with the emission high
potential voltage EVDD, and a source of the twelfth tran-
sistor T12 is connected to a drain of the thirteenth transistor
T13.

[0027] A gate of the thirteenth transistor T13 is connected
to the emission QB node EQB, the drain of the thirteenth
transistor T13 is connected to the source of the twelfth
transistor T12, and a source of the thirteenth transistor T13
is connected to a drain of the fourteenth transistor T14.
[0028] The nth emission signal ES(n) is output from a
node between the twelfth and thirteenth transistors T12 and
T13. The second capacitor C2 is connected between the
node between the twelfth and thirteenth transistors T12 and
T13 and the emission Q node EQ.

[0029] A gate of the fourteenth transistor T14 is connected
to the emission QB node EQB, the drain of the fourteenth
transistor T14 is connected to the source of the thirteenth
transistor T13, and a source of the fourteenth transistor T14
is connected to a terminal supplied with the emission low
potential voltage EVSS.

[0030] A gate of the fifteenth transistor T15 is connected
to a terminal supplied with the nth gate signal GS(n), a drain
of the fifteenth transistor T15 is connected to a terminal
supplied with the emission reset voltage ERST, and a source
of the fifteenth transistor T15 is connected to the emission
QB node EQB.

[0031] A gate of the sixteenth transistor T16 is connected
to a terminal supplied with the fifth emission clock ECLKS,
a drain of the sixteenth transistor T16 is connected to the
emission QB node EQB, and a source of the sixteenth
transistor T16 is connected to a terminal supplied with the
emission low potential voltage EVSS.

[0032] A gate of the seventeenth transistor T17 is con-
nected to a node between the thirteenth and fourteenth
transistors T13 and T14, a drain of the seventeenth transistor
T17 is connected to a terminal supplied with the emission
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high potential voltage EVDD, and a source of the seven-
teenth transistor T17 is connected to a node between the
fourteenth and fifteenth transistors T14 and T15.

[0033] A gate of the eighteenth transistor T18 is connected
to a terminal supplied with the second emission clock
ECLK2, a drain of the eighteenth transistor T18 is connected
to the emission QB node EQB, and a source of the eigh-
teenth transistor T18 is connected to a terminal supplied with
the emission low potential voltage EVSS.

[0034] The related art OLED display senses a change in
characteristics of each pixel while maintaining a light emit-
ting diode of each pixel in an off-state in response to the
emission signal generated in the emission unit of the gate
driver during a compensation period of one frame, modu-
lates image data, and maintains the light emitting diode of
each pixel in an on-state in response to the emission signal
generated in the emission unit of the gate driver during a
remaining display period excluding the compensation period
from the one frame, thereby displaying an image.

[0035] However, as a resolution of display devices
recently increases, the total number of pixels increases and
a driving current for a peak luminance emitted by one pixel
decreases. Therefore, one pixel has to control the driving
current at a lower level in order to represent a low gray level.
However, there is a limit to a reduction in a voltage supplied
by a driver.

[0036] Further, characteristic deviation of a plurality of
thin film transistors of the display device further increases at
the driving current of the lower level for the representation
of the low gray level, causing a reduction in display quality,
for example, a smear of the display device.

[0037] In order to prevent the reduction in the display
quality of the display device, a driving method has been
proposed to uniformly maintain an entire luminance of the
display device by allowing a light emitting diode to emit
light at a driving current of a higher level instead of emitting
light only in a portion of one frame.

[0038] Further, as the resolution of the display device
increases, an area allocated to one pixel decreases and the
size of a storage capacitor of each pixel decreases. Hence,
the reduction in the display quality, for example, a flicker of
the display device may occur. Even in this instance, the
reduction in the display quality can be prevented or reduced
by applying a driving method that increases the driving
current instead of reducing a length of an emission period in
a display period of one frame.

[0039] Response characteristic is a most important factor
in display devices of some special fields, such as virtual
reality, that are recently introduced. Therefore, a driving
method, such as duty driving or rolling shutter, that performs
an emission operation only in a portion of one frame, is
required in order to optimize the response characteristic.
[0040] However, the driver proposed so far, that can freely
control a length of an emission period in a display period of
one frame, has problems of an increase in power consump-
tion, an increase in a bezel area, and a distortion of signals.

SUMMARY

[0041] Accordingly, the present disclosure is directed to
an organ light emitting diode display that substantially
obviates on ore more of the problems due to limitations and
disadvantages of the related art.

[0042] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
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in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0043] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an organic light emitting
diode display comprises a display panel including a plurality
of pixels each including a light emitting diode, a data driver
configured to supply a plurality of data signals to the
plurality of pixels, a gate driver including a gate unit
configured to supply a plurality of gate signals to the
plurality of pixels and an emission unit configured to supply
a plurality of emission signals to the plurality of pixels using
a charge pump element and control a length of an emission
period of the light emitting diode, and a timing controller
configured to supply image data and a data control signal to
the data driver and supply a gate control signal to the gate
driver.

[0044] The emission unit may include a plurality of stages
that is cascade-connected to one another. Each stage may
include a Q node determining so that the plurality of
emission signals is output at a high level, a QB node
determining so that the plurality of emission signals is
output at a low level, a Q' node determining so that the QB
node has the high level, and the charge pump element
connected to the Q' node.

[0045] An emission clock may be supplied to the charge
pump element. The Q' node may be changed from a floating
state to the high level by the emission clock and the charge
pump element.

[0046] The charge pump element may be a charge pump
capacitor or a charge pump thin film transistor.

[0047] The emission unit may generate the plurality of
emission signals using an emission start voltage, an emis-
sion reset voltage, a plurality of emission clocks, and the
plurality of gate signals. The plurality of emission clocks
may include first to fifth emission clocks, and the plurality
of gate signals may include nth and (n-1)th gate signals. The
plurality of emission signals may include nth and (n-1)th
emission signals, and the plurality of stages may include an
nth stage. The nth stage may include ninth to twentieth
transistors, a second capacitor, and the charge pump ele-
ment.

[0048] A gate, a drain, and a source of the ninth transistor
may be connected to the first emission clock, an emission
high potential voltage, and a drain of the tenth transistor,
respectively. A gate, the drain, and a source of the tenth
transistor may be connected to the (n-1)th emission signal
or the emission start voltage, the source of the ninth tran-
sistor, and the Q node, respectively. A gate, a drain, and a
source of the eleventh transistor may be connected to the QB
node, the Q node, and an emission low potential voltage,
respectively. A gate, a drain, and a source of the twelfth
transistor may be connected to the (n-1)th gate signal, the
emission high potential voltage. and the QB node, respec-
tively. A gate, a drain, and a source of the thirteenth
transistor may be connected to the Q node, the emission high
potential voltage, and a drain of the fourteenth transistor,
respectively. A gate, the drain, and a source of the fourteenth
transistor may be connected to the QB node, the source of
the thirteenth transistor, and a drain of the fifteenth transis-
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tor, respectively. A gate, the drain, and a source of the
fifteenth transistor may be connected to the QB node, the
source of the fourteenth transistor, and the emission low
potential voltage, respectively. A gate, a drain, and a source
of the sixteenth transistor may be connected to the nth gate
signal, the emission reset voltage, and the QB node, respec-
tively. A gate, a drain, and a source of the seventeenth
transistor may be connected to a node between the thirteenth
and fourteenth transistors, the emission high potential volt-
age, and a node between the fourteenth and fifteenth tran-
sistors, respectively. A gate, a drain, and a source of the
eighteenth transistor may be connected to the second emis-
sion clock, the QB node, and the emission low potential
voltage, respectively. A gate, a drain, and a source of the
nineteenth transistor may be connected to the Q' node, the
emission high potential voltage, and the QB node, respec-
tively. A gate, a drain, and a source of the twentieth transistor
may be connected to the (n-1)th emission signal or the
emission start voltage, the Q' node, and the emission low
potential voltage, respectively. The second capacitor may be
connected between the node between the thirteenth and
fourteenth transistors and the Q node. The charge pump
element may be connected between the first emission clock
and the Q' node. The nth emission signal may be output from
the node between the thirteenth and fourteenth transistors.

[0049] The emission unit may generate the plurality of
emission signals using an emission start voltage and a
plurality of emission clocks. The plurality of emission
clocks may include first and second emission clocks. The
plurality of emission signals may include nth and (n-1)th
emission signals, and the plurality of stages may include an
nth stage. The nth stage may include ninth to eleventh
transistors, thirteenth to fifteenth transistors, seventeenth to
twentieth transistors, a second capacitor, and the charge
pump element.

[0050] A gate, a drain, and a source of the ninth transistor
may be connected to the first emission clock, an emission
high potential voltage, and a drain of the tenth transistor,
respectively. A gate, the drain, and a source of the tenth
transistor may be connected to the (n—1)th emission signal
or the emission start voltage, the source of the ninth tran-
sistor, and the Q node, respectively. A gate, a drain, and a
source of the eleventh transistor may be connected to the QB
node, the Q node, and an emission low potential voltage,
respectively. A gate, a drain, and a source of the thirteenth
transistor may be connected to the Q node, the emission high
potential voltage, and a drain of the fourteenth transistor,
respectively. A gate, the drain, and a source of the fourteenth
transistor may be connected to the QB node, the source of
the thirteenth transistor, and a drain of the fifteenth transis-
tor, respectively. A gate, the drain, and a source of the
fifteenth transistor may be connected to the QB node, the
source of the fourteenth transistor, and the emission low
potential voltage, respectively. A gate, a drain, and a source
of the seventeenth transistor may be connected to a node
between the thirteenth and fourteenth transistors, the emis-
sion high potential voltage, and a node between the four-
teenth and fifteenth transistors, respectively. A gate, a drain,
and a source of the eighteenth transistor may be connected
to the second emission clock, the QB node, and the emission
low potential voltage, respectively. A gate, a drain, and a
source of the nineteenth transistor may be connected to the
Q' node, the emission high potential voltage, and the QB
node, respectively. A gate, a drain, and a source of the
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twentieth transistor may be connected to the (n-1)th emis-
sion signal or the emission start voltage, the Q' node, and the
emission low potential voltage, respectively. The second
capacitor may be connected between the node between the
thirteenth and fourteenth transistors and the Q node. The
charge pump element may be connected between the first
emission clock and the Q' node. The nth emission signal may
be output from the node between the thirteenth and four-
teenth transistors.

[0051] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] 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:

[0053] FIG. 1 illustrates a gate unit of a gate driver of a
related art organic light emitting diode (OLED) display;
[0054] FIG. 2 illustrates an emission unit of a gate driver
of a related art OLED display

[0055] FIG. 3 illustrates an OLED display according to a
first embodiment of the invention;

[0056] FIG. 4 illustrates a pixel of an OLED display
according to a first embodiment of the invention;

[0057] FIG. 5 illustrates a gate driver of an OLED display
according to a first embodiment of the invention;

[0058] FIG. 6 illustrates a stage of an emission unit of a
gate driver of an OLED display according to a first embodi-
ment of the invention;

[0059] FIG. 7 is a timing diagram of signals related to a
stage of an emission unit of a gate driver of an OLED display
according to a first embodiment of the invention;

[0060] FIG. 8 illustrates a gate driver of an OLED display
according to a second embodiment of the invention;
[0061] FIG. 9 illustrates a stage of an emission unit of a
gate driver of an OLED display according to a second
embodiment of the invention;

[0062] FIG. 10 is a timing diagram of signals related to a
stage of an emission unit of a gate driver of an OLED display
according to a second embodiment of the invention;
[0063] FIG. 11 illustrates a stage of an emission unit of a
gate driver of an OLED display according to a third embodi-
ment of the invention;

[0064] FIG. 12 is a timing diagram of signals related to a
stage of an emission unit of a gate driver of an OLED display
according to a third embodiment of the invention;

[0065] FIG. 13 illustrates a pixel of an OLED display
according to a second embodiment of the invention;
[0066] FIG. 14 is a timing diagram of driving signals for
driving a pixel shown in FIG. 13;

[0067] FIG. 15 illustrates a gate driver according to a third
embodiment of the invention;

[0068] FIG. 16 illustrates a stage of an emission unit
according to a fourth embodiment of the invention;

[0069] FIG. 17 is a timing diagram of signals related to a
stage of an emission unit shown in FIG. 16;

[0070] FIG. 18 illustrates a stage of an emission unit
according to a fifth embodiment of the invention;
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[0071] FIG. 19 illustrates a delay of a gate-off voltage of
an emission signal;

[0072] FIG. 20 illustrates a pixel of an OLED display
according to a third embodiment of the invention; and
[0073] FIG. 21 is a timing diagram of driving signals for
driving a pixel shown in FIG. 20.

DETAILED DESCRIPTION

[0074] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention.

[0075] In embodiments of the invention, switching ele-
ments of a gate driving circuit may be implemented as
n-type or p-type metal oxide semiconductor field effect
transistors (MOSFETs). Each transistor is a three-electrode
element including a gate, a source, and a drain. The source
is an electrode for supplying carriers to the transistor. The
carriers inside the transistor begin to flow from the source.
The drain is an electrode from which the carriers exit the
transistor. Namely, carriers in the MOSFET flow from the
source to the drain. In the case of an n-type MOSFET
(NMOS), 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 MOSFET, because electrons
flow from the source to the drain, a current flows from the
drain to the source. In the case of a p-type MOSFET
(PMOS), 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 MOSFET, because holes flow
from the source to the drain, a current flows from the source
to the drain. It should be noted that the source and the drain
of the MOSFET are not fixed. For example, the source and
the drain of the MOSFET may be changed depending on an
applied voltage. Thus, the source and the drain of the
transistor may be referred to as a first electrode (or a second
electrode) and a second electrode (or a first electrode),
respectively. In other words, embodiments of the invention
are not limited due to the source and the drain of the
transistor.

[0076] In embodiments of the invention, a gate-on voltage
refers to an operating voltage capable of turning on a
transistor. Therefore, a gate-on voltage in an n-type MOS-
FET indicates a high level voltage, and a gate-on voltage in
a p-type MOSFET indicates a low level voltage. Similarly,
a gate-off voltage in the n-type MOSFET indicates a low
level voltage, and a gate-off voltage in the p-type MOSFET
indicates a high level voltage.

[0077] FIG. 3 illustrates an organic light emitting diode
(OLED) display according to a first embodiment of the
invention.

[0078] As shown in FIG. 3, an OLED display 110 accord-
ing to a first embodiment of the invention includes a timing
controller 120, a data driver 130, a gate driver 140, and a
display panel 150.

[0079] The timing controller 120 generates a gate control
signal GCS, a data control signal DCS, and image data RGB
using an image signal IS and a plurality of timing signals
including a data enable signal DE, a horizontal sync signal
HSY, a vertical sync signal VSY, a clock CLK, etc. that are
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transmitted from an external system such as a graphic card
and a TV system. The timing controller 120 supplies the data
control signal DCS and the image data RGB to the data
driver 130 and supplies the gate control signal GCS to the
gate driver 140.

[0080] The data driver 130 generates a data signal using
the data control signal DCS and the image data RGB
received from the timing controller 120 and supplies the data
signal to data lines DL of the display panel 150.

[0081] The gate driver 140 generates a gate signal and an
emission signal using the gate control signal GCS received
from the timing controller 120 and respectively supplies the
gate signal and the emission signal to gate lines GL and
emission lines EL of the display panel 150. The gate driver
140 may be a gate-in panel (GIP) circuit formed on a
substrate of the display panel 150 on which the data lines
DL, the gate lines GL, the emission lines EL, and pixels P
are formed.

[0082] The display panel 150 displays an image using the
gate signal and the data signal.

[0083] More specifically, the display panel 150 includes
the data lines DL and the gate lines GL that intersect each
other to define pixel areas, the pixels P connected to the data
lines DL and the gate lines GL, and the emission lines EL
connected to the pixels P.

[0084] The OLED display 110 displays the image while
compensating for changes in characteristics of each pixel P
using the gate signal, the data signal, and the emission
signal, and at the same time controlling a length of an
emission period. This is described in detail below.

[0085] FIG. 4 illustrates a pixel of the OLED display
according to the first embodiment of the invention. More
specifically, FIG. 4 illustrates a pixel P having 4T2C struc-
ture including four transistors and two capacitors, by way of
example.

[0086] As shown in FIG. 4, a pixel P of the OLED display
110 according to the first embodiment of the invention
includes a switching transistor Ts, an emission transistor Te,
a driving transistor Td, an initial transistor T1, a light
emitting diode De, and first and second pixel capacitors Cpl
and Cp2.

[0087] FIG. 4 illustrates the switching transistor Ts, the
emission transistor Te, the driving transistor Td, and the
initial transistor T1 are n-type transistors, by way of
example. However, embodiments of the invention are not
limited thereto. In another embodiment, the switching tran-
sistor Ts, the emission transistor Te, the driving transistor
Td, and the initial transistor T1 may be p-type transistors.

[0088] The switching transistor Ts transfers an mth data
signal DS(m) of an mth data line DLm to the driving
transistor Td in response to an nth gate signal GS(n). A gate,
a drain, and a source of the switching transistor Ts are
connected to an nth gate line GLn, the mth data line DLm,
and a first node N1, respectively.

[0089] The emission transistor Te transfers a high poten-
tial voltage Vdd to a second node n2 in response to an nth
emission signal ES(n). A gate, a drain, and a source of the
emission transistor Te are connected to an nth emission line
ELn, an input terminal of the high potential voltage Vdd, and
a second node N2, respectively.

[0090] The driving transistor Td transfers a voltage of the
second node N2 to a third node N3 in accordance with a
voltage of the first node N1. A gate, a drain, and a source of
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the driving transistor Td are connected to the first node N1,
the second node N2, and the third node N3, respectively.
[0091] The initial transistor T1 transfers an initial voltage
Vinit to the third node N3 in response to a (n-1)th gate signal
GS(n-1). A gate, a drain, and a source of the initial transistor
T1 are connected to a (n-1)th gate line GL(n-1), an input
terminal of the initial voltage Vinit, and the third node N3,
respectively.

[0092] The light emitting diode De emits light in accor-
dance with a voltage of the third node N3. An anode and a
cathode of the light emitting diode De are connected to the
third node N3 and an input terminal of a low potential
voltage Vss, respectively.

[0093] The first pixel capacitor Cpl is connected between
the first node N1 and the third node N3, and the second pixel
capacitor Cp2 is connected between the input terminal of the
high potential voltage Vdd and the third node N3.

[0094] The first pixel capacitor Cpl stores a threshold
voltage Vth of the driving transistor Td in response to the nth
emission signal ES(n) and the (n-1)th gate signal GS(n-1)
during a compensation period. The first pixel capacitor Cpl
uniformly holds a gate voltage of the driving transistor Td in
response to the nth emission signal ES(n) and the nth gate
signal GS(n) during one frame.

[0095] The second pixel capacitor Cp2 stabilizes the gate
voltage of the driving transistor Td and increases efliciency
of the mth data signal DS(m).

[0096] As described above, the OLED display 110 accord-
ing to the first embodiment of the invention is configured
such that the gate driver 140 generates the gate signal and
the emission signal and supplies the gate signal and the
emission signal to each pixel P, and each pixel P senses the
threshold voltage Vth of the driving transistor Td in response
to the gate signal and the emission signal during a compen-
sation period of one frame to transfer the threshold voltage
Vth to the timing controller 120. Hence, the OLED display
110 displays an image using image data that is modulated so
that a change in the threshold voltage Vth is reflected by the
timing controller 120 in response to the gate signal and the
emission signal during a display period of one frame,
thereby preventing a reduction in image quality.

[0097] The gate driver 140 of the OLED display 110
according to the first embodiment of the invention can
control a length of an emission period in a display period of
each pixel P by controlling lengths of a high level period and
a low level period of the emission signal. This is described
in detail below.

[0098] FIG. 5illustrates a gate driver of the OLED display
according to the first embodiment of the invention. FIG. 6
illustrates a stage of an emission unit of a gate driver of the
OLED display according to the first embodiment of the
invention. FIG. 7 is a timing diagram of signals related to a
stage of an emission unit of a gate driver of the OLED
display according to the first embodiment of the invention.
[0099] As shown in FIG. 5, the gate driver 140 of the
OLED display 110 according to the first embodiment of the
invention includes a gate unit 142 generating a plurality of
gatel signals G1S(n) and a plurality of gate2 signals G2S(n)
and an emission unit 144 generating a plurality of emission
signals ES(n) using a start voltage, a clock, a reset voltage,
a high potential voltage, and a low potential voltage.
[0100] The gate unit 142 includes a first shift register that
includes a plurality of stages GDI1(#) and generates a
plurality of gatel signals G1S(n), and a second shift register
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that includes a plurality of stages GD2(#) and generates a
plurality of gate2 signals G2S(n). The emission unit 144
includes an inverter that includes a plurality of stages ED(n)
and generates a plurality of emission signals ES(n).

[0101] More specifically, the first shift register of the gate
unit 142 generates the plurality of gatel signals G1S(n)
using a gatel start voltage G1VST or an output G1S(n-1) of
a previous stage, first to fifth gatel clocks GICLK1 to
G1CLKS, a gate high potential voltage GVDD, and a gate
low potential voltage GVSS. The second shift register of the
gate unit 142 generates the plurality of gatel signals G2S(n)
using a gate? start voltage G2VST or an output G2S(n-1) of
a previous stage, first to fifth gate2 clocks G2CLK1 to
G2CLKS5, the gate high potential voltage GVDD, and the
gate low potential voltage GVSS.

[0102] The inverter of the emission unit 144 generates the
plurality of emission signals ES(n) using first and second
emission start voltages EVST1 and EVST2 or outputs
ES(n-1) and ES(n-2) of a previous stage, first to fifth
emission clocks ECLK1 to ECLKS, an emission reset volt-
age ERST, an emission high potential voltage EVDD, and an
emission low potential voltage EVSS.

[0103] For example, a first stage GD(1) of the first shift
register of the gate unit 142 may generate a first gate1 signal
G18(1) using the gatel start voltage G1VST, the first, third,
and fifth gatel clocks G1CLK1, G1CLK3, and G1CLKS,
the gate high potential voltage GVDD, and the gate low
potential voltage GVSS. A first stage GD(2) of the second
shift register of the gate unit 142 may generate a first gate2
signal G2S(1) using the gate? start voltage G2VST, the first,
third, and fifth gate2 clocks G2CLK1, G2CLK3, and
G2CLKS5, the gate high potential voltage GVDD, and the
gate low potential voltage GVSS. A first stage ED(1) of the
inverter of the emission unit 144 may generate a first
emission signal ES(1) using the first emission start voltage
EVST1, the emission reset voltage ERST, the first, second,
and third emission clocks ECLK1, ECLK2, and ECLK3, the
emission high potential voltage EVDD, and the emission
low potential voltage EVSS.

[0104] The plurality of stages GD1(») of the first shift
register of the gate unit 142, the plurality of stages GD2(r)
of the second shift register of the gate unit 142, and the
plurality of stages ED(n) of the inverter of the emission unit
144 may have a cascade connection relationship and may
sequentially supply the plurality of gatel signals G1S(n), the
plurality of gate2 signals G2S(n), and the plurality of
emission signals ES(n) to the pixels P of the display panel
150 through nodes of the stages GD1(n), GD2(n), and
ED(n).

[0105] Each of the stages GD1(n) and GD2(r) of the first
and second shift registers of the gate unit 142 of the gate
driver 140 may include first to eighth transistors and a first
capacitor as shown in FIG. 1.

[0106] Further, as shown in FIG. 6, each of the plurality of
stages ED(n) of the inverter of the emission unit 144 of the
gate driver 140 may include ninth to sixteenth transistors T9
to T16 and a second capacitor C2.

[0107] A gate of the ninth transistor T9 is connected to a
terminal supplied with the first emission clock ECLK1, a
drain of the ninth transistor T9 is connected to a terminal
supplied with the emission high potential voltage EVDD,
and a source of the ninth transistor T9 is connected to a drain
of the tenth transistor T10.
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[0108] A gate of the tenth transistor T10 is connected to a
terminal supplied with the (n-2)th emission signal ES(n-2)
or the first and second emission start voltages EVST1 and
EVST2, the drain of the tenth transistor T10 is connected to
the source of the ninth transistor T9, and a source of the tenth
transistor T10 is connected to an emission Q node EQ.
[0109] A gate of the eleventh transistor T11 is connected
to an emission QB node EQB, a drain of the eleventh
transistor T11 is connected to the emission Q node EQ, and
a source of the eleventh transistor T11 is connected to a
terminal supplied with the emission low potential voltage
EVSS.

[0110] A gate of the twelfth transistor T12 is connected to
a terminal supplied with the third emission clock ECLK3, a
drain of the twelfth transistor T12 is connected to a terminal
supplied with the (n-1)th gate2 signal G2S(n-1) or the gate2
start voltage G2VST, and a source of the twelfth transistor
T12 is connected to the emission QB node EQB.

[0111] A gate of the thirteenth transistor T13 is connected
to the emission Q node EQ, a drain of the thirteenth
transistor T13 is connected to a terminal supplied with the
emission high potential voltage EVDD, and a source of the
thirteenth transistor T13 is connected to a drain of the
fourteenth transistor T14.

[0112] A gate of the fourteenth transistor T14 is connected
to the emission QB node EQB, the drain of the fourteenth
transistor T14 is connected to the source of the thirteenth
transistor T13, and a source of the fourteenth transistor T14
is connected to a drain of the fifteenth transistor T15.
[0113] The nth emission signal ES(n) is output from a
node between the thirteenth and fourteenth transistors T13
and T14. The second capacitor C2 is connected between the
node between the thirteenth and fourteenth transistors T13
and T14 and the emission Q node EQ.

[0114] A gate of the fifteenth transistor T15 is connected
to the emission QB node EQB, the drain of the fifteenth
transistor T15 is connected to the source of the fourteenth
transistor T14, and a source of the fifteenth transistor T15 is
connected to a terminal supplied with the emission low
potential voltage EVSS.

[0115] A gate of the sixteenth transistor T16 is connected
to a terminal supplied with an nth gatel signal GS1(n), a
drain of the sixteenth transistor T16 is connected to a
terminal supplied with the emission reset voltage ERST, and
a source of the sixteenth transistor T16 is connected to the
emission QB node EQB.

[0116] A gate of the seventeenth transistor T17 is con-
nected to the node between the thirteenth and fourteenth
transistors T13 and T14, a drain of the seventeenth transistor
T17 is connected to a terminal supplied with the emission
high potential voltage EVDD, and a source of the seven-
teenth transistor T17 is connected to a node between the
fourteenth and fifteenth transistors T14 and T15.

[0117] A gate of the eighteenth transistor T18 is connected
to a terminal supplied with the second emission clock
ECLK2, a drain of the eighteenth transistor T18 is connected
to the emission QB node EQB, and a source of the eigh-
teenth transistor T18 is connected to a terminal supplied with
the emission low potential voltage EVSS.

[0118] The embodiment of the invention described that the
plurality of transistors of the gate unit 142 and the emission
unit 144 is n-type transistors, by way of example. However,
the embodiment of the invention is not limited thereto. In
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another embodiment, the plurality of transistors of the gate
unit 142 and the emission unit 144 may be p-type transistors.
[0119] As shown in FIG. 7 that illustrates operation timing
of the emission unit 144, at a first timing TM1, when a
(n-1)th gate? signal G2S(n-1) (or the gate2 start voltage
G2VST) and the third emission clock ECLK3 are generated
at a high level, the emission QB node EQB is at a high level.
Hence, the fourteenth and fifteenth transistors T14 and T15
are turned on. Further, the emission low potential voltage
EVSS is output to an nth emission signal ES(n) of a low
level, and an initial voltage Vinit is applied to the third node
N3 of each pixel P.

[0120] At asecond timing TM2, when a (n-2)th emission
signal ES(n-2) (or the first and second emission start volt-
ages EVST1 and EVST2) and the first emission clock
ECLK1 are generated at a high level, the ninth and tenth
transistors T9 and T10 are turned on. Hence, the emission Q
node EQ is at a high level. Further, the thirteenth transistor
T13 is turned on. Hence, the emission high potential voltage
EVDD is output to the nth emission signal ES(n) of a high
level, and a voltage is sensed at the third node N3 of each
pixel P.

[0121] At a third timing TM3, when the emission reset
voltage ERST is generated at a high level, the emission QB
node EQB is at a high level. Hence, the fourteenth and
fifteenth transistors T14 and T15 are turned on. Further, the
emission low potential voltage EVSS is output to the nth
emission signal ES(n) of a low level, and image data is
modulated so that a change in characteristics of each pixel
P is reflected.

[0122] At a fourth timing TM4, when the first emission
clock ECLK1 is generated at a high level, the ninth and tenth
transistors T9 and T10 are turned on. Hence, the emission Q
node EQ is at a high level. Further, the thirteenth transistor
T13 is turned on. Hence, the emission high potential voltage
EVDD is output to the nth emission signal ES(n) of a high
level, and the light emitting diode De of each pixel P is in
an on-state and emits light.

[0123] At fifth and sixth timings TM5 and TM6 that are
timings before the first emission clock ECLK1 is at a high
level, when the (n-1)th gate2 signal G2S(n-1) (or the gate2
start voltage G2VST) and the third emission clock ECLK3
are generated at a high level, the emission QB node EQB is
at ahigh level. Hence, the fourteenth and fifteenth transistors
T14 and T15 are turned on. Further, the emission low
potential voltage EVSS is output to the nth emission signal
ES(n) of a low level, and the light emitting diode De of each
pixel P is in an off on-state and does not emit light.
[0124] As described above, the OLED display 110 accord-
ing to the first embodiment of the invention divides one
frame F into a compensation period CP and a display period
DP and drives the pixels P. Further, the OLED display 110
according to the first embodiment of the invention senses the
threshold voltage of the driving transistor Td during the
compensation period CP to modulate image data and dis-
plays an image using the modulated image data during the
display period DP.

[0125] The OLED display 110 divides the display period
DP into an emission period EP and a non-emission period
NEP and supplies the gate2 start voltage G2VST having a
plurality of pulses (of a high level) to the gate unit 142
during the non-emission period NEP so that the plurality of
gate2 signals G2S(n) output from the gate unit 142 has a
plurality of pulses (of a high level). Hence, the OLED
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display 110 can continuously apply a high level to the
emission QB node EQB and can allow the emission signals
ES(n) output from the emission unit 144 of the gate driver
140 to have a low level during the non-emission period NEP.
[0126] Namely, the embodiment of the invention can
improve the display quality of the OLED display 110 by
controlling a length of the emission period EP (or a length
ratio of the emission period EP to the non-emission period
NEP) in each pixel P and can easily apply the OLED display
110 to a high resolution display.

[0127] However, in the OLED display 110 according to
the first embodiment of the invention, because the plurality
of gate2 signals G2S(n) output from the gate driver 140 has
a plurality of pulses, power consumption may increase
depending on an increase in the number of switching opera-
tions between a high level and a low level of the gate2
signals G2S(n). Further, an output signal may be delayed.
[0128] Further, because the gate driver 140 includes the
first and second shift registers, an area of the gate driver 140
may increase. Hence, a bezel area of the OLED display 110
may increase.

[0129] Another embodiment can prevent an increase in
power consumption, an increase in an bezel area, and signal
distortion by controlling a length of an emission period
using a self-charging method using charge pumping instead
of a toggling method using an output (i.e., a plurality of
gate2 signals G2S(n)) of a second shift register. This is
described below with reference to FIGS. 8 to 10.

[0130] FIG. 8 illustrates a gate driver of an OLED display
according to a second embodiment of the invention. FIG. 9
illustrates a stage of an emission unit of a gate driver of an
OLED display according to a second embodiment of the
invention. FIG. 10 is a timing diagram of signals related to
a stage of an emission unit of a gate driver of an OLED
display according to a second embodiment of the invention.
Since entire configuration and pixel configuration of the
OLED display according to the second embodiment of the
invention are substantially the same as the OLED display
according to the first embodiment of the invention, a further
description may be briefly made or may be entirely omitted.
[0131] As shown in FIG. 8, a gate driver 240 of the OLED
display according to the second embodiment of the inven-
tion includes a gate unit 242 generating a plurality of gate
signals GS(n) and an emission unit 244 generating a plu-
rality of emission signals ES(n) using a start voltage, a clock,
a reset voltage, a high potential voltage, and a low potential
voltage.

[0132] The gate unit 242 includes a shift register including
a plurality of stages GD(n), and the emission unit 244
includes an inverter including a plurality of stages ED(n).
[0133] More specifically, the shift register of the gate unit
242 generates the plurality of gate signals GS(n) using a gate
start voltage GVST or an output GS(n-1) of a previous
stage, first to fifth gate clocks GCLK1 to GCLKS, a gate
high potential voltage GVDD, and a gate low potential
voltage GVSS. The inverter of the emission unit 244 gen-
erates the plurality of emission signals ES(n) using an
emission start voltage EVST or an output ES(n-1) of a
previous stage, first to fifth emission clocks ECLK1 to
ECLKS, an emission reset voltage ERST, an emission high
potential voltage EVDD, and an emission low potential
voltage EVSS.

[0134] Forexample, a first stage GD(1) of the shift register
of the gate unit 242 may generate a first gate signal GS(1)
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using a zeroth gate signal GS(0), the first, fourth, and fifth
gate clocks GCLK1, GCLK4, GCLKS, the gate high poten-
tial voltage GVDD, and the gate low potential voltage
GVSS. A first stage ED(1) of the inverter of the emission
unit 244 may generate a first emission signal ES(1) using the
emission start voltage EVST, the zeroth gate signal GS(0),
the emission reset voltage ERST, the first and fourth emis-
sion clocks ECLK1 and ECLK4, the emission high potential
voltage EVDD, and the emission low potential voltage
EVSS.

[0135] The plurality of stages GD(n) of the shift register of
the gate unit 242 and the plurality of stages ED(n) of the
inverter of the emission unit 244 may have a cascade
connection relationship and may sequentially supply the
plurality of gate signals GS(n) and the plurality of emission
signals ES(n) to pixels P of a display panel through nodes of
the stages GD(n) and ED(n).

[0136] Each of the stages GD(n) of the shift register of the
gate unit 242 of the gate driver 240 may include first to
eighth transistors and a first capacitor as shown in FIG. 1.
[0137] Further, as shown in FIG. 9, each of the plurality of
stages ED(n) of the inverter of the emission unit 244 of the
gate driver 240 may include ninth to twentieth transistors T9
to T20, a second capacitor C2, and a charge pump capacitor
Cep.

[0138] A gate of the ninth transistor T9 is connected to a
terminal supplied with the first emission clock ECLK1, a
drain of the ninth transistor T9 is connected to a terminal
supplied with the emission high potential voltage EVDD,
and a source of the ninth transistor T9 is connected to a drain
of the tenth transistor T10.

[0139] A gate of the tenth transistor T10 is connected to a
terminal supplied with a (n-1)th emission signal ES(n-1) or
the emission start voltage EVST, the drain of the tenth
transistor T10 is connected to the source of the ninth
transistor T9, and a source of the tenth transistor T10 is
connected to an emission Q node EQ.

[0140] A gate of the eleventh transistor T11 is connected
to an emission QB node EQB, a drain of the eleventh
transistor T11 is connected to the emission Q node EQ, and
a source of the eleventh transistor T11 is connected to a
terminal supplied with the emission low potential voltage
EVSS.

[0141] A gate of the twelfth transistor T12 is connected to
a terminal supplied with a (n-1)th gate signal GS(n-1), a
drain of the twelfth transistor T12 is connected to a terminal
supplied with the emission high potential voltage EVDD,
and a source of the twelfth transistor T12 is connected to the
emission QB node EQB.

[0142] A gate of the thirteenth transistor T13 is connected
to the emission Q node EQ, a drain of the thirteenth
transistor T13 is connected to a terminal supplied with the
emission high potential voltage EVDD, and a source of the
thirteenth transistor T13 is connected to a drain of the
fourteenth transistor T14.

[0143] A gate of the fourteenth transistor T14 is connected
to the emission QB node EQB, the drain of the fourteenth
transistor T14 is connected to the source of the thirteenth
transistor T13, and a source of the fourteenth transistor T14
is connected to a drain of the fifteenth transistor T15.
[0144] An nth emission signal ES(n) is output from a node
between the thirteenth and fourteenth transistors T13 and
T14. The second capacitor C2 is connected between the
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node between the thirteenth and fourteenth transistors T13
and T14 and the emission Q node EQ.

[0145] A gate of the fifteenth transistor T15 is connected
to the emission QB node EQB, the drain of the fifteenth
transistor T15 is connected to the source of the fourteenth
transistor T14, and a source of the fifteenth transistor T15 is
connected to a terminal supplied with the emission low
potential voltage EVSS.

[0146] A gate of the sixteenth transistor T16 is connected
to a terminal supplied with an nth gate signal GS(n), a drain
of the sixteenth transistor T16 is connected to a terminal
supplied with the emission reset voltage ERST, and a source
of the sixteenth transistor T16 is connected to the emission
QB node EQB.

[0147] A gate of the seventeenth transistor T17 is con-
nected to the node between the thirteenth and fourteenth
transistors T13 and T14, a drain of the seventeenth transistor
T17 is connected to a terminal supplied with the emission
high potential voltage EVDD, and a source of the seven-
teenth transistor T17 is connected to a node between the
fourteenth and fifteenth transistors T14 and T15.

[0148] A gate of the eighteenth transistor T18 is connected
to the emission Q node EQ, a drain of the eighteenth
transistor T18 is connected to the emission QB node EQB,
and a source of the eighteenth transistor T18 is connected to
a terminal supplied with the emission low potential voltage
EVSS.

[0149] A gate of the nineteenth transistor T19 is connected
to an emission Q' node EQ', a drain of the nineteenth
transistor T19 is connected to a terminal supplied with the
emission high potential voltage EVDD, and a source of the
nineteenth transistor T19 is connected to the emission QB
node EQB.

[0150] The charge pump capacitor Ccp is connected
between the first emission clock ECLK1 and the emission Q'
node EQ'.

[0151] A gate of the twentieth transistor T20 is connected
to a terminal supplied with the emission start voltage EVST
or the (n-1)th emission signal ES(n-1), a drain of the
twentieth transistor T20 is connected to the emission Q' node
EQ', and a source of the twentieth transistor T20 is con-
nected to a terminal supplied with the emission low potential
voltage EVSS.

[0152] The embodiment of the invention described that the
plurality of transistors of the gate unit 242 and the emission
unit 244 is n-type transistors, by way of example. However,
the embodiment of the invention is not limited thereto. In
another embodiment, the plurality of transistors of the gate
unit 242 and the emission unit 244 may be p-type transistors.
[0153] As shown in FIG. 10 that illustrates operation
timing of the emission unit 244, at a first timing TM1, when
the (n-1)th gate signal GS(n-1) or the gate start voltage
GVST is generated at a high level, the emission QB node
EQB is at a high level. Hence, the fourteenth and fifteenth
transistors T14 and T15 are turned on. Further, the emission
low potential voltage EVSS is output to the nth emission
signal ES(n) of a low level, and an initial voltage Vinit is
applied to a third node N3 of each pixel P.

[0154] At a second timing TM2, when the (n-1)th emis-
sion signal ES(n-1) (or the emission start voltage EVST)
and the first emission clock ECLK1 are generated at a high
level, the ninth and tenth transistors T9 and T10 are turned
on. Hence, the emission Q node EQ is at a high level.
Further, the thirteenth transistor T13 is turned on. Hence, the
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emission high potential voltage EVDD is output to the nth
emission signal ES(n) of a high level, and a voltage is sensed
at the third node N3 of each pixel P.

[0155] At a third timing TM3, when the nth gate signal
GS(n) and the emission reset voltage ERST are generated at
a high level, the emission QB node EQB is at a high level.
Hence, the fourteenth and fifteenth transistors T14 and T15
are turned on. Further, the emission low potential voltage
EVSS is output to the nth emission signal ES(n) of a low
level, and image data is modulated so that a change in
characteristics of each pixel P is reflected.

[0156] At a fourth timing TM4, when the (n-1)th emission
signal ES(n-1) (or the emission start voltage EVST) and the
first emission clock ECLK1 are generated at a high level, the
ninth and tenth transistors T9 and T10 are turned on. Hence,
the emission Q node EQ is at a high level. Further, the
thirteenth transistor T13 is turned on. Hence, the emission
high potential voltage EVDD is output to the nth emission
signal ES(n) of a high level, and a light emitting diode De
of each pixel P is in an on-state and emits light.

[0157] In this instance, the twentieth transistor T20 is
turned on by the (n-1)th emission signal ES(n-1) of a high
level (or the emission start voltage EVST of a high level),
and thus the emission Q' node EQ' is at a low level. Further,
the eighteenth transistor T18 is turned on by the emission Q
node EQ of the high level, and thus the emission QB node
EQB is at a low level.

[0158] Before a fifth timing TMS, the twentieth transistor
T20 is turned off by the (n-1)th emission signal ES(n-1) of
a low level (or the emission start voltage EVST of a low
level), and thus the emission Q' node EQ' is floated. At the
fifth timing TMS, when the fourth emission clock ECLK4 is
generated at a high level, the emission Q' node EQ' is
charged with the fourth emission clock ECLK4 of the high
level through the charge pump capacitor Cep. Hence, the
nineteenth transistor T19 is turned on. Further, the emission
QB node EQB 1is at a high level, and the fourteenth and
fifteenth transistors T14 and T15 are turned on. The emission
low potential voltage EVSS is output to the nth emission
signal ES(n) of a low level, and the light emitting diode De
of each pixel P is in an off-state and does not emit light.
[0159] As described above, the OLED display according
to the second embodiment of the invention divides one
frame F into a compensation period CP and a display period
DP and drives the pixels P. Further, the OLED display
according to the second embodiment of the invention senses
a threshold voltage of a driving transistor Td during the
compensation period CP to modulate image data and dis-
plays an image using the modulated image data during the
display period DP.

[0160] The display period DP is divided into an emission
period EP and a non-emission period NEP. The emission Q'
node EQ' is charged with a high level using the emission
clock and the charge pump capacitor Ccp depending on the
swing between a high level and a low level of the (n—1)th
emission signal ES(n-1) (or the emission start voltage
EVST) during the non-emission period NEP, and thus can
continuously apply a high level to the emission QB node
EQB. Further, the OLED display can allow the emission
signal ES(n) output from the emission unit 244 of the gate
driver 240 to have a low level during the non-emission
period NEP.

[0161] Namely, a separate shift register (the second shift
register in the first embodiment) is omitted in the gate unit
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242, and the gate of the nineteenth transistor T19 connected
between the emission high potential voltage EVDD and the
emission QB node EQB changes from the floating state to
the high level state using the fourth emission clock CLK4
used in the emission unit 244 and the charge pump capacitor
Ccp. Hence, a length of the emission period EP (or a length
ratio of the emission period EP to the non-emission period
NEP) in each pixel P can be controlled in a state where an
increase in power consumption, an increase in a bezel area,
and signal distortion are prevented. Further, the display
quality of the OLED display can be improved, and the
OLED display can be easily applied to a high resolution
display.

[0162] Forexample, the second embodiment of the inven-
tion uses a passive element, such as the charge pump
capacitor Ccp, as a charge pump element, in order to change
a voltage of the emission Q' node EQ' corresponding to the
gate of the nineteenth transistor T19 connected between the
emission high potential voltage EVDD and the emission QB
node EQB. However, the embodiment of the invention is not
limited thereto. In another embodiment, an active element
such as a charge pump thin film transistor including a MOS
capacitor between a gate and an active layer of the charge
pump thin film transistor may be used as the charge pump
element.

[0163] Further, the second embodiment of the invention
described the emission unit 244 applied to the pixel P
including four transistors and two capacitors by way of
example. However, the embodiment of invention is not
limited thereto. In another embodiment, the emission unit,
that can control the length of the emission period by the
charge pumping, may be applied to a pixel including six
transistors and one capacitor.

[0164] For example, the OLED display according to the
second embodiment of the invention uses 5-phase of the first
to fifth emission clocks ECLK1 to ECLKS5. However, the
embodiment of invention is not limited thereto. In another
embodiment in which there is no compensation for a change
in characteristics, only first and second emission clocks may
be used. This is described below.

[0165] FIG. 11 illustrates a stage of an emission unit of a
gate driver of an OLED display according to a third embodi-
ment of the invention. FIG. 12 is a timing diagram of signals
related to a stage of an emission unit of a gate driver of an
OLED display according to a third embodiment of the
invention. Since entire configuration of the OLED display
according to the third embodiment of the invention are
substantially the same as the OLED display according to the
first embodiment of the invention, a further description may
be briefly made or may be entirely omitted.

[0166] Although not shown, a pixel of an OLED display
according to a third embodiment of the invention may have
a structure in which the initial transistor T1 is omitted in the
pixel according to the first embodiment illustrated in FIG. 4.
In the third embodiment of the invention, a length of an
emission period of each pixel can be controlled through a
gate driver.

[0167] A gate driver of the OLED display according to the
third embodiment of the invention includes a gate unit
generating a plurality of gate signals and an emission unit
generating a plurality of emission signals using a start
voltage, a clock, a reset voltage, a high potential voltage, and
alow potential voltage. The gate unit includes a shift register
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including a plurality of stages, and the emission unit
includes an inverter including a plurality of stages ED(n).
[0168] Each stage of the shift register of the gate unit of
the gate driver may include first to eighth transistors and a
first capacitor as shown in FIG. 1.

[0169] As shown in FIG. 11, each of the plurality of stages
ED(n) of the inverter of the emission unit of the gate driver
may include ninth to eleventh transistors T9 to T11, thir-
teenth to fifteenth transistors T13 to T15, seventeenth to
twentieth transistors T17 to T20, a second capacitor C2, and
a charge pump capacitor Ccp.

[0170] Each stage ED(n) of the emission unit according to
the third embodiment of the invention has substantially the
same connection configuration as each stage ED(n) of the
emission unit 244 according to the second embodiment
illustrated in FIG. 9, except that twelfth and sixteenth
transistors T12 and T16 are omitted, and a gate of the ninth
transistor T9 is connected to a terminal supplied with a
second emission clock ECLK2. Therefore, a further descrip-
tion may be briefly made or may be entirely omitted.
[0171] As shown in FIG. 12 that illustrates operation
timing of the emission unit, before a first timing TM1, the
twelfth transistor T20 is turned off by a (n-1)th emission
signal ES(n-1) of a low level (or an emission start voltage
EVST), and thus an emission Q' node EQ' of a low level is
floated. At the first timing TM1, when a first emission clock
ECLK1 is generated at a high level, the emission Q' node
EQ' is charged with the first emission clock ECLK1 of the
high level through the charge pump capacitor Cep. Hence,
the nineteenth transistor T19 is turned on. Further, an
emission QB node EQB is at a high level, and thus the
fourteenth and fifteenth transistors T14 and T15 are turned
on. An emission low potential voltage EVSS is output to an
nth emission signal ES(n) of a low level, and a light emitting
diode De of each pixel P is in an off-state and does not emit
light.

[0172] At a second timing TM2, when the (n-1)th emis-
sion signal ES(n-1) (or the emission start voltage EVST)
and the second emission clock ECLK2 are generated at a
high level, the ninth and tenth transistors T9 and T10 are
turned on. Hence, an emission Q node EQ is at a high level.
Further, the thirteenth transistor T13 is turned on. Hence, an
emission high potential voltage EVDD is output to the nth
emission signal ES(n) of a high level, and the light emitting
diode De of each pixel P is in an on-state and emits light.
[0173] In the OLED display according to the third
embodiment of the invention, the pixels P are driven using
an entire duration of one frame F as a display period DP, and
the display period DP is divided into an emission period EP
and a non-emission period NEP. The emission Q' node EQ'
is charged with a high level using the emission clock and the
charge pump capacitor Cep depending on the swing between
a high level and a low level of the (n-1)th emission signal
ES(n-1) (or the emission start voltage EVST) during the
non-emission period NEP, and thus can continuously apply
a high level to the emission QB node EQB. Further, the
OLED display can allow the emission signal ES(n) output
from the emission unit of the gate driver to have a low level
during the non-emission period NEP.

[0174] Namely, a separate shift register (the second shift
register in the first embodiment) is omitted in the gate unit,
and the gate of the nineteenth transistor T19 connected
between the emission high potential voltage EVDD and the
emission QB node EQB changes from the floating state to

May 17, 2018

the high level state using the first emission clock CLK1 used
in the emission unit and the charge pump capacitor Ccp.
Hence, a length of the emission period EP (or a length ratio
of the emission period EP to the non-emission period NEP)
in each pixel P can be controlled in a state where an increase
in power consumption, an increase in a bezel area, and signal
distortion are prevented. Further, the display quality of the
OLED display can be improved, and the OLED display can
be easily applied to a high resolution display.

[0175] For example, the third embodiment of the inven-
tion uses a passive element, such as the charge pump
capacitor Cep, as a charge pump element, in order to change
a voltage of the emission Q' node EQ' corresponding to the
gate of the nineteenth transistor T19 connected between the
emission high potential voltage EVDD and the emission QB
node EQB. However, the embodiment of the invention is not
limited thereto. In another embodiment, an active element
such as a charge pump thin film transistor including a MOS
capacitor between a gate and an active layer of the charge
pump thin film transistor may be used as the charge pump
element.

[0176] The first to third embodiments of the invention
described a gate driver applied to N-type 4T2C pixel struc-
ture, by way of example. As described above, the emission
unit according to the second embodiment illustrated in FIG.
9 and the emission unit according to the third embodiment
illustrated in FIG. 11 may be applied to a shift register for
driving an OLED display having P-type 6T1C pixel struc-
ture.

[0177] Hereinafter, embodiments, in which a gate driver is
applied to an OLED display having 6T1C pixel structure, are
described.

[0178] An OLED display having 6T1C pixel structure is
described with reference to FIGS. 13 and 14.

[0179] FIG. 13 illustrates a pixel of the OLED display
according to the second embodiment of the invention, and
FIG. 14 is a timing diagram of driving signals for driving a
pixel shown in FIG. 13.

[0180] Referring to FIG. 13, each pixel according to the
second embodiment of the invention includes an organic
light emitting diode DE, a driving transistor DT, first to fifth
transistors T1 to T5, and a capacitor Cst.

[0181] The organic light emitting diode DE emits light by
a driving current supplied from the driving transistor DT.
Multi-layered organic compound layers are formed between
an anode electrode and a cathode electrode of the organic
light emitting diode DE. The anode electrode of the organic
light emitting diode DE is connected to a fourth node N4,
and the cathode electrode of the organic light emitting diode
DE is connected to an input terminal of a low potential
voltage VSS.

[0182] The driving transistor DT controls the driving
current applied to the organic light emitting diode DE
depending on a source-to-gate voltage Vsg of the driving
transistor DT. A source electrode of the driving transistor DT
is connected to an input terminal of a high potential voltage
VDD, a gate electrode of the driving transistor DT is
connected to a second node N2, and a drain electrode of the
driving transistor DT is connected to a third node N3.

[0183] The first transistor T1 includes a gate connected to
an input terminal of a gate signal GS, a source connected to
a data line DL used to supply a data voltage Vdata, and a
drain connected to a first node N1. As a result, the first
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transistor T1 applies the data voltage Vdata supplied from
the data line DL to the first node N1 in response to the gate
signal GS.

[0184] The second transistor T2 includes a source con-
nected to the third node N3, a drain connected to the second
node N2, and a gate connected to the input terminal of the
gate signal GS. The second transistor T2 diode-connects the
gate electrode and the drain electrode of the driving tran-
sistor DT in response to the gate signal GS.

[0185] The third transistor T3 includes a gate connected to
an input terminal of an emission signal ES, a source con-
nected to the first node N1, and a drain connected to an input
terminal of a reference voltage Vref. As a result, the third
transistor T3 applies the reference voltage Vref to the first
node N1 in response to the emission signal ES.

[0186] The fourth transistor T4 includes a source con-
nected to the third node N3, a drain connected to the fourth
node N4, and a gate connected to the input terminal of the
emission signal ES. As a result, the fourth transistor T4
forms a current path between the third node N3 and the
fourth node N4 in response to the emission signal ES.
[0187] The fifth transistor T5 includes a drain connected to
the fourth node N4, a source connected to the input terminal
of the reference voltage Vref, and a gate connected to the
input terminal of the gate signal GS. The fifth transistor T5
applies the reference voltage Vref to the fourth node N4 in
response to the gate signal GS.

[0188] The storage capacitor Cst includes a first electrode
connected to the first node N1 and a second electrode
connected to the second node N2.

[0189] A drive of the OLED display according to the
second embodiment of the invention is described with
reference to FIGS. 13 and 14.

[0190] In the OLED display according to the second
embodiment of the invention, one frame period may be
divided into an initial period T1, a sampling period Ts, and
an emission period Tem. The initial period T1 is a period in
which a gate voltage of the driving transistor DT is initial-
ized. The sampling period Ts is a period in which a voltage
of the anode electrode of the organic light emitting diode DE
is initialized, and a threshold voltage Vth of the driving
transistor DT is sampled and stored in the second node N2.
The emission period Tem is a period in which a source-to-
gate voltage of the driving transistor DT including the
sampled threshold voltage Vth is programmed, and the
organic light emitting element DE emits light using a driving
current corresponding to the programmed source-to-gate
voltage.

[0191] During the initial period T1, an nth gate signal
GS(n) and an nth emission signal ES(n) are applied as a
gate-on voltage. As a result, the first transistor T1 and the
second transistor T2 are turned on by the nth gate signal
GS(n), and the third to fifth transistors T3 to T5 are turned
on by the nth emission signal ES(n). During the initial period
T1, the first node N1 are simultaneously supplied with the
reference voltage Vref and the data voltage Vdata, and the
second to fourth nodes N2 to N4 are initialized by the
reference voltage Vref. The reference voltage Vref may be
selected within a voltage range sufficiently less than an
operating voltage of the organic light emitting diode DE and
may be set to a voltage equal to or less than the low potential
voltage VSS.

[0192] During the sampling period Ts, the nth gate signal
GS(n) is held at a gate-on voltage, and the nth emission
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signal ES(n) is inverted to a gate-off voltage. As a result, the
first transistor T1, the second transistor T2, and the fifth
transistor T5 maintain a turn-on state, and the third transistor
T3 and the fourth transistor T4 are turned off.

[0193] When the third transistor T3 is turned on, a voltage
of the first node N1 increases by the data voltage Vdata
passing through the first transistor T1. A voltage of the
second node N2 increases as the voltage of the first node N1
increases. As a result, the driving transistor DT is turned on
as a voltage difference between the gate electrode and the
source electrode of the driving transistor DT is equal to or
greater than the threshold voltage Vth of the driving tran-
sistor DT.

[0194] A voltage of the third node N3 gradually increases
by a current passing through the source electrode and the
drain electrode of the driving transistor DT. Because the gate
electrode and the drain electrode of the driving transistor DT
are diode-connected, the voltage of the second node N2
increases depending on a voltage of the third node N3. As
the voltage of the second node N2 increases, the voltage
difference between the gate electrode and the source elec-
trode of the driving transistor DT gradually decreases. When
the voltage difference between the gate electrode and the
source electrode of the driving transistor DT is equal to or
less than the threshold voltage Vth of the driving transistor
DT, the driving transistor DT is turned off. As a result,
during the sampling period Ts, the second node N2 and the
third node N3 have a voltage “VDD+Vth” corresponding to
a difference between the high potential voltage VDD and the
threshold voltage Vth.

[0195] During the sampling period Ts, the first transistor
T1 charges the first node N1 with the data voltage Vdata in
response to the nth gate signal GS(n).

[0196] During the sampling period Ts, the fifth transistor
T5 imtializes the fourth node N4 to the reference voltage
Vref in response to the nth gate signal GS(n).

[0197] During a holding period Th, the nth gate signal
GS(n) is inverted to the gate-off voltage, and the nth
emission signal ES(n) is held at the gate-off voltage. As a
result, the voltages of the first to fourth nodes N1 to N4 hold
the voltage of the sampling period Ts.

[0198] During the emission period Tem, the nth gate signal
GS(n) is held at the gate-off voltage, and the nth emission
signal ES(n) is inverted to the gate-on voltage.

[0199] The third transistor T3 applies the reference volt-
age Vref to the first node N1 in response to the nth emission
signal ES(n). Because the voltage of the first node N1 is the
data voltage Vdata during the sampling period Ts, a voltage
change amount of the first node N1 is “Vdata—Vref”. The
voltage change amount of the first node N1 is reflected on
the second node N2 by the coupling between the second
node N2 and the first node N1, and thus the voltage of the
second node N2 is “VDD-Vth-(Vdata-Vref)”. A driving
current IDE passing through the source electrode and the
drain electrode of the driving transistor DT in accordance
with the voltage change of the second node N2 is applied to
the organic light emitting diode DE via the fourth node N4.
[0200] During the emission period Tem, the driving cur-
rent IDE flowing in the organic light emitting diode DE is
expressed by the following Equation 1.
IDE=k2(Vgs-Vih)) 2=k/2 (Vg Vs~ Vith Y 2=k/2{
(VDD+Vth-Vdata+Vief- VDD~ Vihl Y 2=k/2(Vref-

Vdata)™2 [Equation 1]
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[0201] In Equation 1, k/2 is a proportional constant deter-
mined by electron mobility, a parasitic capacitance, channel
capacity, etc. of the driving transistor DT.

[0202] As indicated by Equation 1, the threshold voltage
Vth of the driving transistor DT is erased in Equation 1 of
the driving current IDE. This means that the driving current
IDE of the OLED display according to the embodiment of
the invention does not change even if the threshold voltage
Vth of the driving transistor DT changes.

[0203] As described above, the OLED display according
to the embodiment of the invention can program the data
voltage Vdata irrespective of a change amount of the thresh-
old voltage Vth during the sampling period Ts.

[0204] FIG. 15 illustrates a gate driver according to the
third embodiment of the invention. More specifically, FIG.
15 illustrates a gate driver for generating the gate signal and
the emission signal shown in FI1G. 14.

[0205] Referring to FIG. 15, a gate driver of the OLED
display according to the third embodiment of the invention
includes a gate unit 342 generating a plurality of gate signals
GS and an emission unit 344 generating a plurality of
emission signals ES using a start voltage, a clock, a reset
voltage, a high potential voltage, and a low potential voltage.
[0206] The gate unit 342 includes a plurality of cascade-
connected gate stages GD, and the emission unit 344
includes a plurality of cascade-connected emission stages
ED.

[0207] Each gate stage GD of the gate unit 342 generates
the gate signal GS using a gate start voltage GVST or an
output GS(n-1) of a previous gate stage, first and second
gate clocks GCLK1 and GCLK2, a gate high potential
voltage GVDD, and a gate low potential voltage GVSS. For
example, an nth gate stage GD(n) of the gate unit 342
generates an nth gate signal GS(n) using a (n-1)th gate
signal GS(n-1), the first and second gate clocks GCLK1 and
GCLK2, the gate high potential voltage GVDD, and the gate
low potential voltage GVSS.

[0208] Each emission stage ED of the emission unit 344
generates the emission signal ES using an emission start
voltage EVST or an output ES(n-1) of a previous emission
stage, first to fifth emission clocks ECLK1 to ECLKS5, an
emission reset voltage ERST, an emission high potential
voltage VEH, and an emission low potential voltage VEL.
For example, an nth emission stage ED(n) of the emission
unit 344 generates an nth emission signal ES(n) using the
emission start voltage EVST, a (n-1)th emission signal
ES(n-1), the first and second emission clocks ECLK1 and
ECLK2, the emission high potential voltage VEH, and the
emission low potential voltage VEL.

[0209] The gate stages GD of the gate unit 342 and the
emission stages ED of the emission unit 344 may sequen-
tially supply the gate signals GS and the emission signals ES
to the pixels of the display panel.

[0210] The gate stages GD of the gate unit 342 may output
the same gate signal GS as that shown in FIG. 14, and
detailed circuit configuration of the gate stage GD may use
any known circuit configuration.

[0211] FIG. 16 illustrates an emission unit according to a
fourth embodiment of the invention. The emission unit
according to the fourth embodiment of the invention is
substantially the same as the emission unit according to the
third embodiment illustrated in FIG. 11, except that transis-
tors are P-type transistors. FIG. 17 illustrates driving signals
for driving the emission unit shown in FIG. 16. FIG. 16
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illustrates PMOS transistors by way of example. Therefore,
a gate-on voltage is an emission low potential voltage VEL,
and a gate-off voltage is an emission high potential voltage
VEH.

[0212] Referring to FIG. 16, an nth stage ED(n) of the
emission unit according to the fourth embodiment of the
invention includes ninth to fifteenth transistors T9 to T15,
seventeenth to twentieth transistors T17 to T20, a second
capacitor C2, and a charge pump capacitor Cep.

[0213] A start controller (T9 and T10) charges an emission
Q node EQ with the gate-on voltage in a period in which an
emission start voltage EVST and a first emission clock
ECLK1 are synchronized. The start controller (T9 and T10)
includes the ninth transistor T9 and the tenth transistor T10.

[0214] A gate of the ninth transistor T9 is connected to a
terminal supplied with the first emission clock ECLK1, a
drain of the ninth transistor T9 is connected to a terminal
supplied with the emission low potential voltage VEL, and
a source of the ninth transistor T9 is connected to a drain of
the tenth transistor T10.

[0215] A gate of the tenth transistor T10 is connected to a
terminal supplied with a (n-1)th emission signal ES(n-1) or
the emission start voltage EVST, the drain of the tenth
transistor T10 is connected to the source of the ninth
transistor T9, and a source of the tenth transistor T10 is
connected to an emission Q node EQ.

[0216] A gate of the eleventh transistor T11 is connected
to an emission QB node EQB, a drain of the eleventh
transistor T11 is connected to the emission Q node EQ, and
a source of the eleventh transistor T11 is connected to a
terminal supplied with the emission high potential voltage
VEH.

[0217] A gate of the twelfth transistor T12 is connected to
a terminal supplied with a (n-1)th gate signal GS(n-1), a
drain of the twelfth transistor T12 is connected to a terminal
supplied with the emission high potential voltage VEH, and
a source of the twelfth transistor T12 is connected to the
emission QB node EQB.

[0218] A pull-up transistor (hereinafter, referred to as
“thirteenth transistor”) T13 outputs a voltage of an output
terminal Nout as the gate-on voltage in response to a voltage
of the emission Q node EQ. A gate of the thirteenth transistor
T13 is connected to the emission Q node EQ, a drain of the
thirteenth transistor T13 is connected to a terminal supplied
with the emission high potential voltage VEH, and a source
of the thirteenth transistor T13 is connected to a drain of the
fourteenth transistor T14.

[0219] Pull-down transistors T14 and T15 output a voltage
of the output terminal Nout as the gate-off voltage in
response to a voltage of the emission QB node EQB. A gate
of the fourteenth transistor T14 is connected to the emission
QB node EQB, the drain of the fourteenth transistor T14 is
connected to the source of the thirteenth transistor T13, and
a source of the fourteenth transistor T14 is connected to a
drain of the fifteenth transistor T15.

[0220] An nth emission signal ES(n) is output through the
output terminal Nout. The second capacitor C2 is connected

between a node between the thirteenth and fourteenth tran-
sistors T13 and T14 and the emission Q node EQ.

[0221] A gate of the fifteenth transistor T15 is connected
to the emission QB node EQB, the drain of the fifteenth
transistor T15 is connected to the source of the fourteenth
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transistor T14, and a source of the fifteenth transistor T15 is
connected to a terminal supplied with the emission high
potential voltage VEH.

[0222] A gate of the seventeenth transistor T17 is con-
nected to the node between the thirteenth and fourteenth
transistors T13 and T14, a drain of the seventeenth transistor
T17 is connected to a terminal supplied with the emission
low potential voltage VEL, and a source of the seventeenth
transistor T17 is connected to a node between the fourteenth
and fifteenth transistors T14 and T15.

[0223] A gate of the eighteenth transistor T18 is connected
to the emission Q node EQ, a drain of the eighteenth
transistor T18 is connected to the emission QB node EQB,
and a source of the eighteenth transistor T18 is connected to
a terminal supplied with the emission high potential voltage
VEH.

[0224] A first QB node control transistor (hereinafter
referred to as “nineteenth transistor””) T19 charges the emis-
sion QB node EQB with the gate-on voltage in response to
a voltage of an emission Q' node EQ'. A gate of the
nineteenth transistor T19 is connected to the emission Q'
node EQ', a drain of the nineteenth transistor T19 is con-
nected to a terminal supplied with the emission low potential
voltage VEL, and a source of the nineteenth transistor T19
is connected to the emission QB node EQB.

[0225] A gate of the twentieth transistor T20 is connected
to a terminal supplied with the emission start voltage EVST
or the (n-1)th emission signal ES(n-1), a drain of the
twentieth transistor T20 is connected to the emission Q' node
EQ', and a source of the twentieth transistor T20 is con-
nected to a terminal supplied with the emission high poten-
tial voltage VEH.

[0226] The charge pump capacitor Cecp is connected
between the first emission clock ECLK1 and the emission Q'
node EQ'".

[0227] An operation of the nth emission stage ED(n) is
described below with reference to FIG. 17.

[0228] A first timing TM1 is a time at which the sampling
period Ts shown in FIG. 14 starts. At the first timing TM1,
when the first emission clock ECLK1 is inverted to a low
level, the first emission clock ECLK1 of the low level is
charged to the emission Q' node EQ' through the charge
pump capacitor Ccp. The nineteenth transistor T19 charges
the emission QB node EQB with the emission low potential
voltage VEL in response to a voltage of the emission Q' node
EQ' of the low level that is the gate-on voltage. The
fourteenth and fifteenth transistors T14 and T15 charge the
output terminal Nout with the emission high potential volt-
age VEH, that is the gate-off voltage, in response to a voltage
of the emission QB node EQB of the low level that is the
gate-on voltage.

[0229] At a second timing TM2, when the second emis-
sion clock ECLK2 and the (n-1)th emission signal ES(n-1)
(or the emission start voltage EVST) are generated at a low
level, the ninth and tenth transistors T9 and T10 are turned
on. Hence, the emission Q node EQ is at a low level. As a
result, the thirteenth transistor T13 is turned on, and the
emission low potential voltage VEL is output to the nth
emission signal ES(n) through the output terminal Nout.
[0230] The emission unit according to the fourth embodi-
ment of the invention charges the emission Q' node EQ' with
the gate-on voltage of the low level using the charge pump
capacitor Ccp and thus can continuously apply a high level
to the emission QB node EQB.
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[0231] In this instance, after the nineteenth transistor T19
is turned on by the first emission clock ECLK1 at the first
timing TM1, the first emission clock ECLK1 is inverted to
the gate-off voltage during a first period t1. If there is no
charge pump capacitor Ccp, the nineteenth transistor T19
may be turned off because the emission Q' node EQ' is the
gate-off voltage. During the first period t1, the emission QB
node EQB has to hold the gate-off voltage. However, if the
nineteenth transistor T19 is turned off, the voltage of the
emission QB node EQB may be unstable.

[0232] On the other hand, the embodiment of the inven-
tion can prevent the emission Q' node EQ' from being
charged with the gate-off voltage during the first period t1
using the charge pump capacitor Ccp. Namely, even if the
first emission clock ECLK1 connected to one electrode of
the charge pump capacitor Cep is inverted to a high level, the
voltage of the emission Q' node EQ' may slightly change by
a coupling effect and can be prevented from sharply chang-
ing to the gate-off voltage. As a result, the nineteenth
transistor T19 can stably maintain a turn-on state during a
period of time from the first timing TM1 to the second
timing TM2.

[0233] FIG. 18 illustrates an emission unit according to a
fifth embodiment of the invention. The fifth embodiment
illustrated in FIG. 18 is configured such that a twenty-first
transistor T21 is added to the fourth embodiment illustrated
in FIG. 16. Structures and components identical or equiva-
lent to those illustrated in FIG. 16 are designated with the
same reference numerals in the fifth embodiment illustrated
in FIG. 18, and a further description may be briefly made or
may be entirely omitted. Further, an emission clock for
driving the emission unit shown in FIG. 18 uses the first and
second emission clocks ECLK1 and ECLK2 shown in FIG.
17.

[0234] Referring to FIGS. 17 and 18, an emission stage
ED of the emission unit according to the fifth embodiment
of the invention includes ninth to fifteenth transistors T9 to
T15, seventeenth to twenty-first transistors T17 to T21, a
second capacitor C2, and a charge pump capacitor Ccp.
[0235] A second QB node control transistor (hereinafter
referred to as “twenty-first transistor”) T21 of an nth emis-
sion stage ED(n) includes a gate connected to an input
terminal supplying a (n+1)th gate signal GS(n+1), a drain
connected to an input terminal supplying a first emission
clock ECLK1, and a source connected to an emission QB
node EQB. The twenty-first transistor T21 charges the
emission QB node EQB with a gate-on voltage of the first
emission clock ECLK1 in response to the (n+1)th gate signal
GS(n+1). As a result, the twenty-first transistor T21 can
allow a voltage of the emission QB node EQB to rapidly fall
to the gate-on voltage.

[0236] An operation of the twenty-first transistor T21 is
described in detail below.

[0237] As shown in FIG. 17, the fourteenth and fifteenth
transistors T14 and T15 of the emission unit have to be
turned on as the voltage of the emission QB node EQB is the
emission low potential voltage VEL at the first timing TM1.
[0238] However, until immediately before the first timing
TM1, the voltage of the emission Q node EQ is the emission
low potential voltage VEL so that the eighteenth transistor
T18 maintains the turn-on state. Therefore, at the first timing
TM1, the emission high potential voltage VEH is applied to
the emission QB node EQB through the eighteenth transistor
T18. As a result, even if the nineteenth transistor T19 is
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turned on at the first timing TM1, a time at which the voltage
of the emission QB node EQB falls to the emission low
potential voltage VEL may be delayed.

[0239] As the falling time of the emission QB node EQB
to the emission low potential voltage VEL is delayed, a
turn-on time of the fourteenth and fifteenth transistors T14
and T15 is delayed. Eventually, as shown in FI1G. 19, a time
at which the nth emission signal ES(n) rises to the emission
high potential voltage VEH (i.e., the gate-off voltage) is
delayed by a delay time At.

[0240] The first timing TM1 is a start time of the sampling
period Ts shown in FIG. 14. Therefore, a length of the
sampling period Ts decreases by the delay time At of the nth
emission signal ES(n). When the length of the sampling
period Ts decreases, the threshold voltage is compensated
insufficiently, and a length of an application period of the
data voltage decreases. Thus, it is difficult to display an
image of a desired luminance.

[0241] The twenty-first transistor T21 charges the emis-
sion QB node EQB with the voltage of the first emission
clock ECLK1 in response to a (n+1)th gate signal GS(n+1).
At the first timing TM1, the first emission clock ECLK1 has
the low level voltage that is the gate-on voltage. Namely,
because the twenty-first transistor T21 charges the emission
QB node EQB with the gate-on voltage at the first timing
TM1, a time required to charge the emission QB node EQB
with the gate-on voltage decreases. As a result, a time, for
which the ninth and tenth transistors T9 and T10 are turned
on in response to the voltage of the emission QB node EQB,
can decrease, and a delay time of the output of the gate-off
voltage of the nth emission signal ES(n) can decrease.

[0242] FIG. 20 illustrates a pixel of the OLED display
according to the third embodiment of the invention, and
FIG. 21 is a timing diagram of driving signals for driving a
pixel shown in FIG. 20.

[0243] Referring to FIG. 21, each pixel of the OLED
display according to the third embodiment of the invention
includes an organic light emitting diode DE, a driving
transistor DT, first to fifth transistors T1 to T5, and a
capacitor Cst. Structures and components identical or
equivalent to those illustrated in FIG. 13 are designated with
the same reference numerals in the third embodiment illus-
trated in FIG. 20, and a further description may be briefly
made or may be entirely omitted.

[0244] Referring to FIGS. 20 and 21, a gate of the first
transistor T1 is connected to an input terminal for supplying
a second gate signal GS2(r), and gates of the second
transistor T2 and the fifth transistor T5 are connected to an
input terminal for supplying a first gate signal GS1(»).

[0245] Namely, during an initial period T1, because the
second gate signal GS2(») is held at the gate-off voltage, the
first transistor T1 is turned off. As a result, during the initial
period T1, a voltage of a first node N1 is initialized to the
reference voltage Vref in which the data voltage Vdata is not
mixed.

[0246] The gate unit to which the embodiment illustrated
in FIGS. 20 and 21 is applied may use any known configu-
ration. The emission unit to which the embodiment illus-
trated in FIGS. 20 and 21 is applied may use the embodi-
ments illustrated in FIGS. 15 to 18. In this instance, a gate
of the twenty-first transistor T21 of the emission stage may
operate in response to a (n+1)th gatel signal GS1(n+1).
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[0247] As described above, a length of an emission period
of the light emitting diode can be controlled by continuously
applying the high potential voltage to the emission QB node
of the gate driver.

[0248] The embodiment of the invention can control a
length of the emission period of the light emitting diode by
continuously applying the high potential voltage to the
emission QB node of the gate driver using the charge pump
capacitor, and can also reduce power consumption and the
bezel area and can improve the display quality.

[0249] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
organic light emitting diode display of the present invention
without departing from the spirit or scope of the invention.
Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. An organic light emitting diode display, comprising:

a display panel including a plurality of pixels each includ-
ing a light emitting diode;

a data driver configured to supply a plurality of data
signals to the plurality of pixels;

a gate driver including a gate unit configured to supply a
plurality of gate signals to the plurality of pixels and an
emission unit configured to supply a plurality of emis-
sion signals to the plurality of pixels using a charge
pump element and control a length of an emission
period of the light emitting diode; and

a timing controller configured to supply image data and a
data control signal to the data driver and supply a gate
control signal to the gate driver.

2. The organic light emitting diode display of claim 1,
wherein the emission unit includes a plurality of stages that
is cascade-connected to one another, and

wherein each stage includes:

a Q node determining so that the plurality of emission
signals is output at a high level,

a QB node determining so that the plurality of emission
signals is output at a low level;

a Q' node determining so that the QB node has the high
level; and

the charge pump element connected to the Q' node.

3. The organic light emitting diode display of claim 2,
wherein an emission clock is supplied to the charge pump
element, and

wherein the Q' node is changed from a floating state to the
high level by the emission clock and the charge pump
element.

4. The organic light emitting diode display of claim 3,
wherein the charge pump element is a charge pump capaci-
tor or a charge pump thin film transistor.

5. The organic light emitting diode display of claim 2,
wherein the emission unit generates the plurality of emission
signals using an emission start voltage, an emission reset
voltage, a plurality of emission clocks, and the plurality of
gate signals,

wherein the plurality of emission clocks includes first to
fifth emission clocks,

wherein the plurality of gate signals includes nth and
(n-1)th gate signals,

wherein the plurality of emission signals includes nth and
(n-1)th emission signals,
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wherein the plurality of stages includes an nth stage, and

wherein the nth stage includes ninth to twentieth transis-

tors, a second capacitor, and the charge pump element.

6. The organic light emitting diode display of claim 5,
wherein a gate, a drain, and a source of the ninth transistor
are connected to the first emission clock, an emission high
potential voltage, and a drain of the tenth transistor, respec-
tively,

wherein a gate, the drain, and a source of the tenth

transistor are connected to the (n—1)th emission signal
or the emission start voltage, the source of the ninth
transistor, and the Q node, respectively,
wherein a gate, a drain, and a source of the eleventh
transistor are connected to the QB node, the Q node,
and an emission low potential voltage, respectively,

wherein a gate, a drain, and a source of the twelfth
transistor are connected to the (n—1)th gate signal, the
emission high potential voltage, and the QB node,
respectively,

wherein a gate, a drain, and a source of the thirteenth

transistor are connected to the Q node, the emission
high potential voltage, and a drain of the fourteenth
transistor, respectively,

wherein a gate, the drain, and a source of the fourteenth

transistor are connected to the QB node, the source of
the thirteenth transistor, and a drain of the fifteenth
transistor, respectively,

wherein a gate, the drain, and a source of the fifteenth

transistor are connected to the QB node, the source of
the fourteenth transistor, and the emission low potential
voltage, respectively,
wherein a gate, a drain, and a source of the sixteenth
transistor are connected to the nth gate signal, the
emission reset voltage, and the QB node, respectively,

wherein a gate, a drain, and a source of the seventeenth
transistor are connected to a node between the thir-
teenth and fourteenth transistors, the emission high
potential voltage, and a node between the fourteenth
and fifteenth transistors, respectively,

wherein a gate, a drain, and a source of the eighteenth

transistor are connected to the second emission clock,
the QB node, and the emission low potential voltage,
respectively,
wherein a gate, a drain, and a source of the nineteenth
transistor are connected to the Q' node, the emission
high potential voltage, and the QB node, respectively,

wherein a gate, a drain, and a source of the twentieth
transistor are connected to the (n-1)th emission signal
or the emission start voltage, the Q' node, and the
emission low potential voltage, respectively,

wherein the second capacitor is connected between the

node between the thirteenth and fourteenth transistors
and the Q node,

wherein the charge pump element is connected between

the first emission clock and the Q' node, and

wherein the nth emission signal is output from the node

between the thirteenth and fourteenth transistors.

7. The organic light emitting diode display of claim 2,
wherein the emission unit generates the plurality of emission
signals using an emission start voltage and a plurality of
emission clocks,

wherein the plurality of emission clocks includes first and

second emission clocks,

May 17, 2018

wherein the plurality of emission signals includes nth and
(n-1)th emission signals,

wherein the plurality of stages includes an nth stage, and

wherein the nth stage includes ninth to eleventh transis-
tors, thirteenth to fifteenth transistors, seventeenth to
twentieth transistors, a second capacitor, and the charge
pump element.

8. The organic light emitting diode display of claim 7,
wherein a gate, a drain, and a source of the ninth transistor
are connected to the first emission clock, an emission high
potential voltage, and a drain of the tenth transistor, respec-
tively,

wherein a gate, the drain, and a source of the tenth
transistor are connected to the (n—-1)th emission signal
or the emission start voltage, the source of the ninth
transistor, and the Q node, respectively,

wherein a gate, a drain, and a source of the eleventh
transistor are connected to the QB node, the Q node,
and an emission low potential voltage, respectively,

wherein a gate, a drain, and a source of the thirteenth
transistor are connected to the Q node, the emission
high potential voltage, and a drain of the fourteenth
transistor, respectively,

wherein a gate, the drain, and a source of the fourteenth
transistor are connected to the QB node, the source of
the thirteenth transistor, and a drain of the fifteenth
transistor, respectively,

wherein a gate, the drain, and a source of the fifteenth
transistor are connected to the QB node, the source of
the fourteenth transistor, and the emission low potential
voltage, respectively,

wherein a gate, a drain, and a source of the seventeenth
transistor are connected to a node between the thir-
teenth and fourteenth transistors, the emission high
potential voltage, and a node between the fourteenth
and fifteenth transistors, respectively,

wherein a gate, a drain, and a source of the eighteenth
transistor are connected to the second emission clock,
the QB node, and the emission low potential voltage,
respectively,

wherein a gate, a drain, and a source of the nineteenth
transistor are connected to the Q' node, the emission
high potential voltage, and the QB node, respectively,

wherein a gate, a drain, and a source of the twentieth
transistor are connected to the (n—1)th emission signal
or the emission start voltage, the Q' node, and the
emission low potential voltage, respectively,

wherein the second capacitor is connected between the
node between the thirteenth and fourteenth transistors
and the Q node,

wherein the charge pump element is connected between
the first emission clock and the Q' node, and

wherein the nth emission signal is output from the node
between the thirteenth and fourteenth transistors.

9. The organic light emitting diode display of claim 1,
wherein the emission unit includes a plurality of emission
stages that is cascade-connected to one another,

wherein each emission stage includes:

a start controller configured to set an emission Q node to
a gate-on voltage in a period in which an emission start
voltage and a first emission clock are synchronized;

a pull-up transistor configured to output a voltage of an
output terminal as the gate-on voltage in response to a
voltage of the emission Q node;
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a pull-down transistor configured to output the voltage of
the output terminal as a gate-off voltage in response to
a voltage of an emission QB node;

a first QB node control transistor configured to set the
emission QB node to the gate-on voltage in response to
a voltage of an emission Q' node; and

the charge pump element configured to set the emission Q'
node to the gate-on voltage in response to a second
emission clock having a phase opposite to the first
emission clock.

10. The organic light emitting diode display of claim 9,
wherein the start controller includes a ninth transistor and a
tenth transistor,

wherein the ninth transistor includes a gate receiving the

first emission clock, a first electrode connected to an
input terminal of the gate-on voltage, and a second
electrode connected to a first electrode of the tenth
transistor, and

wherein the tenth transistor includes a gate receiving the

emission start voltage or an emission signal of a
previous stage, the first electrode connected to the
second electrode of the ninth transistor, and a second
electrode connected to the emission Q node.

11. The organic light emitting diode display of claim 10,
wherein each emission stage further includes a twentieth
transistor including a gate receiving the emission start
voltage or the emission signal of the previous stage, a first
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electrode connected to the emission Q' node, and a second
electrode connected to an input terminal of the gate-off
voltage.

12. The organic light emitting diode display of claim 11,
wherein an nth emission stage generating an nth emission
signal further includes a second QB node control transistor
configured to set the emission QB node to the gate-on
voltage in response to a (n+1)th gate signal, where n is a
natural number.

13. The organic light emitting diode display of claim 12,
wherein the second QB node control transistor includes a
gate receiving the (n+1)th gate signal, a first electrode
connected to an input terminal of the second emission clock,
and a second electrode connected to the emission QB node.

14. The organic light emitting diode display of claim 13,
wherein a driving period of an nth pixel on an nth pixel line
in one frame includes an initial period, a sampling period,
and an emission period that are controlled by an nth gate
signal and an nth emission signal,

wherein during the initial period, the nth gate signal and

the nth emission signal applied to the nth pixel are held
at the gate-on voltage,

wherein during the sampling period, the nth gate signal

applied to the nth pixel is held at the gate-on voltage,
wherein the second emission clock is inverted to the
gate-on voltage at a start time of the sampling period.

* ok %k
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