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ORGANIC LIGHT-EMITTING DIODE
DISPLAY

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] This application claims priority from and the benefit
of Korean Patent Applications No. 10-2014-0073598, filed on
Jun. 17, 2014 in the Korean Intellectual Property Office
(KIPO), the disclosure of which is hereby incorporated by
reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to
organic light-emitting diode displays.

[0004] 2. Description of the Related Technology

[0005] Organic light-emitting diode (OLED) displays
include OLEDs formed of a variety of organic materials that
are laminated to emit light. Generally, an OLED display emits
a variety of colors of light by adjusting current applied to the
OLED:s.

[0006] A gateelectrode ofadrivetransistorin a pixel and an
anode electrode of the OLEDs are initialized (or, reset) in
each frame to improve low response speed of the pixel and
display colors of light more accurately. Generally, a scan
signal, a gate initialization signal and an OLED initialization
signal each having an active period corresponding to one
period are generated in a gate driver, and are applied to the
pixel. Initialization times to initialize the gate electrode of the
drive transistor and the anode electrode of the OLED corre-
spond to one horizontal period.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect is an OLED display including
an initialization driver configured to output an OLED initial-
ization signal having a longer active period than an active
period of a scan signal.

[0008] Another aspect is an OLED display including a plu-
rality of gate drivers and an initialization driver that is con-
figured to output an OLED initialization signal having a
longer active period than an active period of a scan signal.
[0009] Another aspect is a display device comprises a dis-
play panel including a plurality of scan lines, a plurality of
gate initialization lines, a plurality of OLED initialization
lines, a plurality of emission control lines, a plurality of data
lines, and a plurality of pixels respectively having a plurality
of OLEDs, a data driver configured to apply a plurality of data
signals to the data lines, an emission control driver configured
to sequentially apply an emission control signal to the emis-
sion control lines, the emission control signal determining a
light emission period and a non-light emission period, a gate
driver configured to receive a first start signal, to sequentially
apply a gate initialization signal to the gate initialization lines
based on the first start signal, and to sequentially apply a scan
signal to the scan lines, an initialization driver configured to
receive a second start signal, and to sequentially apply an
OLED initialization signal to the OLED initialization lines
based on the second start signal, a length of an active period
of the second start signal being longer than a length of an
active period of the first start signal, and a timing controller
configured to control the data driver, the emission control
driver, the gate driver and the initialization driver.
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[0010] A length of an active period of the OLED initializa-
tion signal can be substantially the same as the length of the
active period of the second start signal.

[0011] Thetiming controller can output the first start signal
having the active period corresponding to one horizontal
period to the gate driver, and outputs the second start signal to
the initialization driver.

[0012] The timing controller can output the second start
signal having an active level after two horizontal periods from
when the timing controller outputs the first start signal having
an active level.

[0013] When the gate initialization signal applied to one of
the gate initialization lines becomes an inactive level, the gate
driver can output the scan signal having an active level to one
of the scan lines corresponding to the one of the gate initial-
ization lines.

[0014] When the scan signal applied to the one of the scan
lines becomes an inactive level, the initialization driver can
output the OLED initialization signal having an active level to
one of the OLED initialization lines corresponding to the one
of the scan lines.

[0015] The length of the active period of the second start
signal can be longer than one horizontal period, and shorter
than a length of the non-light emission period.

[0016] A voltage level of the OLED initialization signal
applied to each OLED initialization line can periodically
transition between an active level and an inactive level during
a predetermined time having a length substantially the same
as a length of the active period of the second start signal.
[0017] The OLED initialization signal can transition from
the inactive level to the active level in each horizontal period.
[0018] Thetiming controller can output the first start signal
having an active period corresponding to one horizontal
period to the gate driver, and outputs the second start signal to
the initialization driver.

[0019] The timing controller can output the second start
signal having an active level after two horizontal periods from
when the timing controller outputs the first start signal having
an active level.

[0020] When the gate initialization signal applied to one of
the gate initialization lines becomes an inactive level, the gate
driver can output the scan signal having an active level to one
of the scan lines corresponding to the one of the gate initial-
ization lines.

[0021] When the scan signal applied to the one of the scan
lines becomes an inactive level, the initialization driver can
output the OLED initialization signal having an active level to
one of the OLED initialization lines corresponding to the one
of the scan lines.

[0022] The length of the active period of the second start
signal can be longer than one horizontal period, and shorter
than a length of the non-light emission period.

[0023] Another aspect is an OLED display which com-
prises a display panel including a plurality of left scan lines,
a plurality of right scan lines, a plurality of left gate initial-
ization lines, a plurality of right gate initialization lines, a
plurality of OLED initialization lines, a plurality of emission
control lines, a plurality of data lines, and a plurality of pixels
respectively having a plurality of OLEDs, a data driver con-
figured to apply a plurality of data signals to the data lines, an
emission control driver configured to sequentially apply an
emission control signal to the emission control lines, the
emission control signal determining a light emission period
and a non-light emission period, a first gate driver configured
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to receive a first start signal, to sequentially apply a left gate
initialization signal to the left gate initialization lines based
on the first start signal, and to sequentially apply a left scan
signal to the left scan lines, a second gate driver configured to
receive the first start signal, to sequentially apply a right gate
initialization signal to the right gate initialization lines based
on the first start signal, and to sequentially apply a right scan
signal to the right scan lines, an initialization driver config-
ured to receive a second start signal, and to sequentially apply
an OLED initialization signal to the OLED initialization lines
based on the second start signal, a length of an active period
of the second start signal being longer than a length of an
active period of the first start signal, and a timing controller
controlling the data driver, the emission control driver, the
first gate driver, the second gate driver and the initialization
driver.

[0024] A length of an active period of the OLED initializa-
tion signal can be substantially the same as the length of the
active period of the second start signal.

[0025] Thetiming controller simultaneously can output the
first start signal having an active level to the first gate driver
and the second gate driver. The timing controller can output
the second start signal having an active level after two hori-
zontal periods from when the timing controller outputs the
first start signal having the active level.

[0026] The first and second gate drivers simultaneously
output the left and right scan signals to one of the left scan
lines and one of the right scan lines, respectively. When the
left and right scan signals applied to the one of the left scan
lines and the one of the right scan lines become inactive
levels, the initialization driver can output the OLED initial-
ization signal having an active level to one of the OLED
initialization lines corresponding to one of the left scan lines
and the one of the right scan lines.

[0027] The length of the active period of the second start
signal can be longer than one horizontal period, and shorter
than a length of the non-light emission period.

[0028] A voltage level of the OLED initialization signal
applied to each OLED initialization line can periodically
transition between an active level and an inactive level during
a predetermined time having a length substantially the same
as a length of the active period of the second start signal. The
length of the active period of the second start signal can be
longer than one horizontal period, and shorter than a length of
the non-light emission period.

[0029] Another aspect is an organic light-emitting diode
(OLED) display comprising a display panel including a plu-
rality of scan lines, a plurality of gate initialization lines, a
plurality of OLED initialization lines, a plurality of emission
control lines, a plurality of data lines, and a plurality of pixels
respectively including a plurality of OLEDs. The OLED dis-
play also comprises a data driver configured to respectively
apply a plurality of data signals to the data lines, an emission
control driver configured to sequentially apply an emission
control signal to the emission control lines, wherein the emis-
sion control signal is configured to determine a light emission
period and a non-light emission period, and a timing control-
ler configured to output a first start signal having a first active
period and a second start signal having a second active period.
The OLED display further comprises a gate driver configured
to i) receive the first start signal from the timing controller, ii)
sequentially apply a gate initialization signal to the gate ini-
tialization lines based at least in part on the first start signal,
and ii1) sequentially apply a scan signal to the scan lines, and
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an initialization driver configured to receive the second start
signal and sequentially apply an OLED initialization signal to
the OLED initialization lines based at least in part on the
second start signal, wherein the second active period is longer
than the first active period. Furthermore, the OLED display
comprises a timing controller configured to control the data
driver, the emission control driver, the gate driver, and the
initialization driver.

[0030] Intheabove OLED display, the OLED initialization
signal has a third active period having substantially the same
duration as the second active period.

[0031] In the above OLED display, the first active period
corresponds to one horizontal period. In the above OLED
display, the timing controller is further configured to output
the second start signal two horizontal periods after the first
start signal is output.

[0032] In the above OLED display, when the gate initial-
ization signal applied to a selected one of the gate initializa-
tion lines changes to an inactive level, the gate driver is further
configured to transmit the scan signal to a selected one of the
scan lines corresponding to the selected gate initialization
line.

[0033] In the above OLED display, when the scan signal
applied to the selected scan line changes to the inactive level,
the initialization driver is further configured to transmit the
OLED initialization signal to one of the OLED initialization
lines corresponding to the selected scan line. In the above
OLED display, the second active period is longer than one
horizontal period and shorter than the non-light emission
period.

[0034] In the above OLED display, the initialization driver
is further configured to change a voltage level of the OLED
initialization signal substantially periodically between the
active level and the inactive level during a predetermined time
substantially the same as the second active period. In the
above OLED display, the initialization driver is further con-
figured to sequentially change a plurality of the OLED ini-
tialization signals from the inactive level to the active level
every horizontal period.

[0035] In the above OLED display, the timing controller is
further configured to transmit the first start signal to the gate
driver and the second start signal to the initialization driver. In
the above OLED display, the timing controller is further
configured to transmit the second start signal two horizontal
periods after the first start signal is output. In the above OLED
display, when the gate initialization signal applied to a
selected one of the gate initialization lines changes to the
inactive level, the gate driver is further configured to transmit
the scan signal to a selected one of the scan lines correspond-
ing to the selected gate initialization line.

[0036] In the above OLED display, when the scan signal
applied to the selected scan line changes to the inactive level,
the initialization driver is further configured to transmit the
OLED initialization signal to one of the OLED initialization
lines corresponding to the selected scan line. In the above
OLED display, the second active period is longer than one
horizontal period and shorter than the non-light emission
period.

[0037] Another aspect is an organic light-emitting diode
(OLED) display comprising a display panel including a plu-
rality of first scan lines, a plurality of second scan lines, a
plurality of first gate initialization lines, a plurality of second
gate initialization lines, a plurality of OLED initialization
lines, a plurality of emission control lines, a plurality of data
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lines, and a plurality of pixels respectively including a plu-
rality of OLEDs. The OLED display also coniprises a data
driver configured to respectively apply a plurality of data
signals to the data lines, an emission control driver configured
to sequentially apply an emission control signal to the emis-
sion control lines, wherein the emission control signal is
configured to determine a light emission period and a non-
light emission period, and a timing controller configured to
output a first start signal having a first active period and a
second start signal having a second active period. The OLED
display further comprises a first gate driver configured to 1)
receive the first start signal from the timing controller. ii)
sequentially apply a first gate initialization signal to the first
gate initialization lines based at least in part on the first start
signal, andiii) sequentially apply a first scan signal to the first
scan lines. Furthermore, the OLED display comprises a sec-
ond gate driver configured to i) receive the first start signal, ii)
sequentially apply a second gate initialization signal to the
second gate initialization lines based at least in part on the first
start signal, and iii) sequentially apply a second scan signal to
the second scan lines. Also, the OLED display comprises an
initialization driver, configured to receive the second start
signal and sequentially apply an OLED initialization signal to
the OLED initialization lines based at least in part on the
second start signal, wherein the second active period is longer
than first active period, and a timing controller configured to
control the data driver, the emission control driver, the first
gate driver, the second gate driver, and the initialization
driver.

[0038] In the above OLED display, an active period of the
OLED initialization signal is substantially the same as the
second active period of the second start signal. In the above
OLED display, the timing controller is further configured to
substantially simultaneously transmit the first start signal to
the first and second gate drivers, wherein the timing controller
1s further configured to transmit the second start signal two
horizontal periods after the first start signal is output.

[0039] Intheabove OLED display, the first and second gate
drivers are further configured to substantially simultaneously
transmit the first and second scan signals to a selected one of
the first scan lines and one of the second scan lines, respec-
tively, wherein, when the first and second scan signals applied
to the selected first and second scan lines become inactive
levels, the initialization driver is configured to output the
OLED initialization signal having the active level to one of
the OLED initialization lines corresponding to the selected
first and second scan lines.

[0040] Intheabove OLED display, the second active period
is longer than one horizontal period, and shorter than the
non-light emission period.

[0041] In the above OLED display, the initialization driver
is further configured to change a voltage level of the OLED
initialization signal substantially periodically between an
active level and an inactive level during a predetermined time
substantially the same as the second active period, wherein
the second active period is longer than one horizontal period
and shorter than the non-light emission period.

[0042] Therefore, the OLED display caninclude the initial-
ization driver independently operated from the gate driver.
The initialization driver can output the OLED initialization
signal based on the second start signal. The active period of
the OLED initialization signal is longer than typical active
period, so that the OLED of the pixel can be initialized in a
sufficient time, and residual voltage that has been applied
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previous frame to the OLED can be fully discharged. Thus,
response speed of the pixel and an image blur problem can be
improved. Especially, the response speed of the pixel emitting
a green light that is most affected by the drive frequency can
be greatly improved.

[0043] In addition, the OLED display can include the first
and second gate drivers that simultaneously apply the left and
right gate initialization signals and simultaneously apply the
left and right scan signals to the display panel. Thus, RC time
delay caused by loads and/or parasitic capacitances of signal
lines in the display panel can decrease.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a block diagram of an OLED display
according to example embodiments.

[0045] FIG. 2isacircuit diagram illustrating an example of
a pixel included in a display panel of the OLED display of
FIG. 1.

[0046] FIG. 3 isablock diagram illustrating an example of
an initialization driver included in the OLED display of FIG.
1.

[0047] FIG. 4is a timing diagram illustrating an example of
signals applied to a display panel included in the OLED
display of FIG. 1.

[0048] FIG. 5isatiming diagram illustrating an example of
an operation of a timing controller included in the OLED
display of FIG. 1.

[0049] FIG. 6is a timing diagram illustrating an example of
an operation of a gate driver due to the signals of FIG. 5.
[0050] FIG. 7is a timing diagram illustrating an example of
an operation of an initialization driver due to the signals of
FIG. 5.

[0051] FIG. 8 is a timing diagram illustrating another
example of an operation of an initialization driver due to the
signals of FI1G. 5.

[0052] FIG. 9 is a block diagram of an OLED display
according to example embodiments.

[0053] FIG. 10 is a timing diagram illustrating an example
of signals applied to a display panel included in the OLED
display of FIG. 9.

[0054] FIG. 11 is a timing diagram illustrating another
example of signals applied to a display panel included in the
OLED display of FIG. 9.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0055] An initialization time of an anode of an organic
light-emitting diode (OLED) (i.e., one horizontal period) is
too short to fully initialize (or, fully discharge) a data voltage
that is charged in the OLED during a previous frame. Espe-
cially, an OLED emitting green light is not fully initialized
because of having lower response speed compared to OLEDs
emitting red light or blue light. As a result, the displayed
image can be blurry.

[0056] Exemplary embodiments will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which various embodiments are shown. In this dis-
closure, the term “substantially” includes the meanings of
completely, almost completely or to any significant degree
under some applications and in accordance with those skilled
in the art. Moreover, “formed on” can also mean “formed
over.” The term “connected” can include an electrical con-
nection.
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[0057] FIG. 1 is a block diagram of an OLED display
according to example embodiments.

[0058] Referring to FIG. 1, the OLED display 100 includes
a display panel 110, a data driver 120, an emission control
driver 130, a gate driver 140, an initialization driver 150 and
a timing controller 160.

[0059] The display panel 110 includes a plurality of scan
lines GW, a plurality of gate initialization lines GI, a plurality
of OLED initialization lines GB, a plurality of emission con-
trol lines EM, a plurality of data lines DL, and a plurality of
pixels 115 respectively having a plurality of OLEDs. The
pixels 115 can be formed in a matrix form. In an example
embodiment, the number of the scan lines GW, gate initial-
ization lines GI, OLED initialization lines GB, and emission
control lines EM is n (n is an integer greater than 0.). The
number ofthe data lines DL is m (m is an integer greater than
0.). In an example embodiment, the number of the pixels 115
is nxm.

[0060] In an example embodiment, a pixel 115 receives a
first power supply ELVDD and a second power supply
ELVSS from an external power supply unit (not shown), and
generate light corresponding to a data signal DATA2. The
pixel 115 can include a pixel circuit that is electrically con-
nected to the OLED, the scan line GW, the gate initialization
line GI, the OLED initialization line GB, and the emission
control lines EM.

[0061] Thetiming controller 120 can control the data driver
130, the emission control driver 140, the gate driver 150, and
the initialization driver 160. The timing controller 120
receives an input control signal CONT and an input image
signal DATA from an image source such as an external
graphic apparatus. The input control signal CONT can
include a main clock signal, a vertical synchronizing signal, a
horizontal synchronizing signal, and a data enable signal. The
timing controller 120 can generate a data signal DATA2
which has a digital type and corresponds to operating condi-
tions of the display panel 110 based at least in part on the input
image signal DATA. The timing controller 120 can generate a
first control signal CONT1 to control a driving timing of the
data driver 130 based atleast in part on the input control signal
CONT. The timing controller 120 can generate second to
fourth control signals CONT2, CONT3, and CONT4 to
respectively control a driving timing of the emission control
driver 140, the gate driver 150, and a driving timing of the
initialization driver 160 based at least in part on the input
control signal CONT. The timing controller 120 can respec-
tively apply the second to fourth control signals CONT?2,
CONTS3, and CONT4 to the emission control driver 140, the
gate driver 150, and the initialization driver 160.

[0062] The third control signal CONT3 can include a first
start signal, a first clock signal, and a second clock signal. The
fourth control signal CONT4 can include a second start sig-
nal, the first clock signal, and the second clock signal. In an
example embodiment, the timing controller 120 outputs the
first start signal having an active period corresponding to one
horizontal period to the gate driver 150, and outputs the
second start signal to the initialization driver 160. The one
horizontal period can be defined as a shift period between the
firstand second clock signals. In an example embodiment, the
first and second clock signals have substantially the same
period, and the second clock signal is obtained by shifting the
first clock signal corresponding to a half of a period of the first
clock signal. A length of one horizontal period can be
adjusted by a drive frequency of the OLED display 100.
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[0063] In an example embodiment, a length of the active
period of the second start signal is longer than one horizontal
period, and shorter than a length of the non-light emission
period. For example, the length of the active period of the
second start signalis above 2 horizontal periods and below the
length of the non-light emission period minus 2 horizontal
periods. For example, if the length of the non-light emission
period is 50 horizontal petiods, the active period of the second
start signal corresponds a period between 2 horizontal periods
and 48 horizontal periods.

[0064] The data driver 130 can convert the data signal
DATA2 received from the timing controller 120 into a data
voltage based at least in part on the first control signal
CONT1. The data driver 130 can provide the data voltage to
the data lines DL.

[0065] The emission control driver 140 can sequentially
apply an emission control signal to the emission control lines
EM based at least in part on the second control signal
CONT?2. An active period of the emission control signal can
correspond to a light emission period of the pixel 115, and an
inactive period of the emission control signal can correspond
to a non-light emission period.

[0066] The gate driver 150 can receive the first start signal,
sequentially apply a gate initialization signal to the gate ini-
tialization lines GI based at least in part on the first start
signal, and sequentially apply a scan signal to the scan lines
GW based at least in part on the first start signal. The gate
initialization signal can control applying an initialization
voltage VINIT that is applied to a gate electrode of a drive
transistor of the pixel 115 to initialize the gate electrode. In an
example embodiment, when the gate initialization signal
applied to one of the gate initialization lines GI reaches an
inactive level, the gate driver 150 outputs the scan signal
having an active level to one of the scan lines GW correspond-
ing to the one of the gate initialization lines GI. For example,
an (n)th scan signal is obtained by shifting an (n)th gate
initialization signal corresponding to one horizontal period.
[0067] The fourth control signal CONT4 can include the
second start signal, the first clock signal, and the second clock
signal. The initialization driver 160 can receive the fourth
control signal CONT4 including the second start signal, and
sequentially apply the OLED initialization signals to the
OLED initialization lines GB based at least in part on the
fourth control signal CONT4. The OLED initialization signal
can control applying the initialization voltage VINIT that is
applied to an anode electrode of the OLED of the pixel 115 to
initialize the anode electrode of the OLED.

[0068] In an example embodiment, a length of an active
period of the OLED initialization signal is substantially the
same as the length of the active period of the second start
signal. Thus, the OLED can be initialized, and residual volt-
age that has been applied to the OLED during the previous
frame can be fully discharged.

[0069] In another example embodiment, a voltage level of
the OLED initialization signal applied to each OLED initial-
ization line GB substantially periodically transitions between
the active level and the inactive level during a predetermined
time having a length substantially the same as a length of the
active period of the second start signal. The OLED initializa-
tion signal can transition from the inactive level to the active
level in each horizontal period. Thus, the OLED can be ini-
tialized in a sufficient time, and residual voltage that has been
applied to the OLED during the previous frame can be fully
discharged. However, these are examples, and the length of
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the active period of the OLED initialization signal and the
length of the inactive period of the OLED initialization signal
are not limited thereto.

[0070] In an example embodiment, when the gate initial-
ization signal applied to one of the gate initialization lines GI
becomes the inactive level, the gate driver 160 outputs the
scan signal having the active level to one of the scan lines GW
corresponding to the one of the gate initialization lines GI.
The pixel 115 can receive the gate initialization signal, the
scan signal, and the OLED initialization signal, sequentially.

[0071] As described above, the OLED display 100 of FIG.
1 includes the initialization driver 160 independently oper-
ated from the gate driver 150. The initialization driver 160 can
output the OLED initialization signal based at least in part on
the second start signal, and the length of the active period of
the OLED initialization signal can be longer than the length of
the active period of the gate initialization signal and the scan
signal. Therefore, response speed of the pixel 115 and an
image blur problem can be improved. The response speed of
the pixel emitting a green light that is most affected by the
drive frequency can be greatly improved.

[0072] FIG.2isacircuit diagramillustrating an example of
a pixel included in a display panel of the OLED display 100
of FIG. 1.

[0073] Referring to FIG. 2, the pixel 115 includes an OLED
EL and apixel circuit 118 coupled to the data line DL, the gate
initialization line GI, the scan line GW, and the emission
control line EM to control the amount of current supplied to
the OLED.

[0074] The anode electrode of the OLED EL is coupled to
the pixel circuit 118 and a cathode electrode of the OLED EL
is coupled to the second power supply ELVSS. The OLED EL
can generate light with predetermined brightness to corre-
spond to the amount of current supplied from the first power
supply ELVDD via the pixel circuit 118.

[0075] The pixel circuit 118 can control the amount of
current supplied to the OLED EL to correspond to a data
signal. More specifically, the pixel circuit 118 includes first
through seventh transistors T1 to T7 and a storage capacitor
Cst.

[0076] The first transistor T1 can be a drive transistor. A
first electrode of the first transistor T1 is coupled to a second
node N2, a second electrode of the first transistor T1 is
coupled to a first electrode of a sixth transistor T6, and a gate
electrode of the first transistor T1 is coupled to a first node N1.
The first transistor T1 can control the amount of current
supplied to the OLED EL based at least in part on a voltage
applied to the first node N1, that is, the voltage charged in the
storage capacitor Cst.

[0077] The second transistor T2 includes a first electrode
coupled to the data line DL, a second electrode coupled to the
second node N2, and a gate electrode coupled to the scan line
GW. When the scan signal having the active level is applied to
the scan line GW, the second transistor T2 can be turned on to
electrically couple the data line DL and the second node N2 to
each other.

[0078] The third transistor T3 includes a first electrode
coupled to the second electrode of the first transistor T1, a
second electrode coupled to the first node N1, and a gate
electrode coupled to the scan line GW. When the scan signal
having the active level is applied to the scan line GW, the third
transistor T3 can be turned on to electrically couple the gate

Dec. 17,2015

electrode and the second electrode of the first transistor T1. In
this case, the first transistor T1 is coupled in the form of a
diode.

[0079] The fourth transistor T4 is coupled between the first
node N1 and an initialization power supply applying an ini-
tialization voltage VINIT. The gate electrode of the fourth
transistor T4 is coupled to the gate initialization line GI. The
fourthtransistor T4 canbe turned on to apply the initialization
voltage VINIT to the first node N1 when the gate initialization
signal having the active level is applied to the gate initializa-
tion line GI. Thus, the gate electrode of the first transistor T1
canbe initialized. Here, the initialization voltage VINIT is set
to have a lower voltage than the data signal.

[0080] The fifth transistor T5 includes a first electrode
coupled to the first power supply ELVDD, a second electrode
coupled to the second node N2, and a gate electrode coupled
to the emission control line EM. The sixth transistor T6
includes a first electrode coupled to the second electrode of
the first transistor T1, a second electrode coupled to the anode
electrode of the OLED EL, and a gate electrode coupled to the
emission control line EM. The fifth and sixth transistors T5
and T6 can be turned on when the emission control signal
having the active level is applied to the emission control line
EM and be turned off when the emission control signal having
the inactive level is not applied.

[0081] The seventh transistor T7 includes a first electrode
coupled to the initialization power supply, a second electrode
coupled to the anode electrode of the OLED FL, and a gate
electrode coupled to the OLED initialization line GB. The
seventh transistor T7 can be turned on to apply the initializa-
tion voltage VINIT to the anode electrode of the OLED EL
when the OLED initialization signal having the active level is
applied to the OLED initialization line GB. Thus, the anode
electrode of the OLED EL can be initialized. In an example
embodiment, each OLED is formed of different organic
materials emitting different colors of light such as a red light,
a green light, or a blue light. Characteristics of the organic
materials emitting different colors of light are different such
that initialization speeds can be different with the drive fre-
quency. Thus, the initialization voltage VINIT must be
applied to the anode electrode of the OLED EL in a sufficient
time to fully discharge residual voltage that has been applied
to the OLED EL during the previous frame.

[0082] The storage capacitor Cst is coupled between the
first node N1 and the first power supply ELVDD. The storage
capacitor Cst can charge a voltage determined by the data
signal and the threshold voltage of the first transistor T1.
[0083] FIG. 3isa block diagram illustrating an example of
an initialization driver included in the OLED display 100 of
FIG. 1.

[0084] Referring to FIG. 3, the initialization driver 150
includes a plurality of stages STAGE1, STAGE2, STAGE3,
STAGE4, ... STAGEn electrically connected to one another.
The stages STAGE1 to STAGEn are respectively coupled to a
plurality of OLED initialization lines. The stages STAGE1 to
STAGEn sequentially apply OLED initialization signals
GB1, GB2, GB3, GB4, . . . GBn to the OLED initialization
lines, respectively

[0085] Each stage STAGE1 to STAGEn receives a first DC
voltage VGL and a second DC voltage VGH higher than the
first DC voltage VGL. Each stage STAGE1 to STAGEn
receives a first clock signal CLK1 and a second clock signal
CLK2. The first and second clock signals CLK1 and CLK2
can have substantially the same period. The second clock
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signal CLK2 can be obtained by shifting the first clock signal
CLK1 by half of the period of the first clock signal CLK1. In
adjacent stages, the first and second clock signals CLK1 and
CLK2 are inverted. The OLED initialization signals GBI to
GB-N each having the active level can be sequentially out-
putted at a time interval corresponding to the half of the
period of the first clock signal CLK1 (i.e., a time interval of
one horizontal petiod).

[0086] A first stage STAGE1 can be operated by receiving
a start signal FLM having the active level. The first stage
STAGE1 can receive the first and second DC voltages VGL
and VGH, and can generate a first OLED initialization signal
GBI based at least in part on the start signal FLM, the first
clock signal CILK1, and the second clock signal CLK2. The
first OLED initialization signal GB1 can be applied to pixels
arranged in a corresponding row through the first OLED
initialization line.

[0087] The stages STAGE2 to STAGEn are connected to
each other one after another and are sequentially driven. For
example, a second stage STAGE2 receives the first OLED
initialization signal GB1 from a previous stage (i.e., the first
stage STAGE1). The second stage STAGE2 receives the first
and second DC voltages VGL and VGH, and generates a
second OLED initialization signal GB2 based at least in part
on the first OLED initialization signal GB1, the first clock
signal CLK1, and the second clock signal CLK2. The other
stages STAGE3 to STAGEn can be driven in substantially the
same way as the second stage STAGE2, and thus details
thereof will not be repeated.

[0088] FIG.4isatiming diagram illustrating an example of
signals applied to the display panel 110 included in the OLED
display 100 of FIG. 1.

[0089] Referring to FIG. 4, an (n)th (n is a integer greater
than 0) gate initialization signal GIn, an (n)th scan signal
GWn, and an (n)th OLED initialization signal GBn are
sequentially applied to pixels arranged in a corresponding
row during a non-light emission period P1 of one frame. The
(n)th gate initialization signal GIn and the (n)th scan signal
GWn are generated in an (n)th stage of the gate driver 150.
The (n)th OLED initialization signal GBn can be generated in
an (n)th stage of the initialization driver 160.

[0090] Hereinafter, the operation of the OLED display 100
will be explained with the OLED display 100 including
PMOS (P-channel metal oxide semiconductor) transistors. A
high level of each signal is referred to as the inactive level, and
alow level, lower than the high level, of each signal is referred
to as the active level. However, these are examples, and the
operation of the OLED display 100 is not limited thereto. For
example, NMOS (N-channel metal oxide semiconductor)
transistors can be applied to the OLED display 100.

[0091] The non-light emission period P1 corresponds to an
inactive period of an (n)th emission control signal EMn. In
some embodiments, during the non-light emission period P1,
the OLED does not emit light. The (n)th gate initialization
signal Gln, the (n)th scan signal GWn, and the (n)th OLED
initialization signal GBn can sequentially have the active
level during the non-light emission period P1. In an example
embodiment, the length of the non-light emission period P1 is
about 10% of the number of scan lines. For example, if the
display panel 110 includes 1920 scan lines, the length of the
non-light emission period P1 corresponds to about 192 hori-
zontal periods. However, this is an example, and the length of
the non-light emission period P1 is not limited thereto.
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[0092] At a first time point t1, the (n)th emission control
signal EMn changes from the active level to the inactive level.
In an example embodiment, the (n)th gate initialization signal
Gln, the (n)th scan signal GWn, and the (n)th OLED initial-
ization signal GBn have the inactive level.

[0093] Atasecondtimepointt2, the (n)th gateinitialization
signal GIn changes from the inactive level to the active level.
The (n)th scan signal GWn, and the (n)th OLED initialization
signal GBn have the inactive level. An active period of the
(n)th gate initialization signal GIn corresponds to one hori-
zontal period 1H. The one horizontal period 1H corresponds
to about half of a period of the first clock signal (or the second
clock signal). The (n)th gate initialization signal GIn can
change from the active level to the inactive level after one
horizontal period 1H from the second time point t2. In an
example embodiment, the second time point t2 is substan-
tially the same as the first time point t1. In this case, when the
(n)th emission control signal EMn changes from the active
level to the inactive level, the (n)th gate initialization signal
Gln changes from the inactive level to the active level.

[0094] At a third time point t3, the (n)th gate initialization
signal GIn changes from the active level to the inactive level,
and the (n)th scan signal GWn changes from the inactive level
to the active level. The (n)th OLED initialization signal GBn
can still have the inactive level. An active period of the (n)th
scan signal GWn can correspond to one horizontal period 1H.
The gate driver 150 can output the (n)th gate initialization
signal GIn and the (n)th scan signal GWn such that the length
of the active period of the (n)th gate initialization signal Gln
and the length of the active period of the (n)th scan signal
GWn is substantially the same. The (n)th scan signal GWn
changes from the active level to the inactive level after one
horizontal period 1H from the second time point 3.

[0095] At a fourth time point t4, the (n)th scan signal GWn
changes from the active level to the inactive level, and the
(n)th OLED initialization signal GBn changes from the inac-
tive level to the active level. The (n)th gate initialization signal
GIn has the inactive level.

[0096] At afifthtime point t5, the (n)th OLED initialization
signal GBn changes from the active level to the inactive level.
An active period of the (n)th OLED initialization signal GBn
corresponds to a time period from the fourth time point t4 to
the fifth time point t5. A length of the active period of the (n)th
OLED initialization signal GBn (as represented T) can be
longer than one horizontal period 1H, and shorter than the
length of the non-light emission period P1. In an example
embodiment, the length of the active period of the (n)th
OLED initialization signal GBn (as represented T) is above 2
horizontal periods and below the length of the non-light emis-
sion period P1 minus 2 horizontal periods. The relationship
can be represented by the following equation.

2H<T<P1-2H Equation 1

[0097] The active period T of the (n)th OLED initialization
signal GBn is longer than a typical active period, so that the
OLED of the pixel is initialized in a sufficient amount of time.
The residual voltage that has been applied to the OLED
during the previous frame can be fully discharged.

[0098] At a sixth time point t6, the (n)th emission control
signal EMn changes from the inactive level to the active level.
In an example embodiment, the sixth time point t6 is substan-
tially the same as the fifth time point t5. In this case, when the
(n)th emission control signal EMn changes from the inactive
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level to the active level, the (n)th OLED initialization signal
GBn changes from the active level to the inactive level.

[0099] FIG.5is atiming diagram illustrating an example of
an operation of the timing controller 120 included in the
OLED display 100 of FIG. 1.

[0100] Referring to FIGS. 1to 3, and 5, the timing control-
ler 120 outputs the first clock signal CLK1, the second clock
signal CLK2, and the first start signal FLM1 to the gate driver
150. The timing controller 120 outputs the first clock signal
CLK1, the second clock signal CLK2, and the second start
signal FLM2 to the initialization driver 160.

[0101] In an example embodiment, the first and second
clock signal CLK1 and CLK2 have substantially the same
period, and the second clock signal CLK2 can be obtained by
shifting the first clock signal CLK1 by half ofthe period of the
first clock signal CLK1. The half of the period of the first
clock signal CLK1 corresponds to one horizontal period 1H.
A length of an active period T1 of the first start signal FLM1
and a length of an active period T2 of the second start signal
FLM2 can be determined by a length of an active period of the
first clock signal CLK1 and/or the second clock signal CLK2.
In an example embodiment, at a first time point t1, the first
clock signal CLK1 changes from the inactive level to the
active level, and the second clock signal CLK2 change from
the active level to the inactive level. At a second time point t2,
the first clock signal CLK1 changes from the active level to
the inactive level, and the second clock signal CLK?2 changes
from the inactive level to the active level. A time period
between the first and second time points t1 and t2 corresponds
to one horizontal period 1H. The length of one horizontal
period 1H can be controlled by a drive frequency for driving
the OLED display 100.

[0102] In an example embodiment, the timing controller
120 outputs the first start signal FLM1 having the active
period corresponding to the one horizontal period 1H to the
gate driver 150. For example, at the first time point t1, the first
start signal FLM1 changes from the inactive level to the active
level. At the second time point t2, the first start signal FLM1
changes from the active level to the inactive level. The first
start signal FLM1 has the active level from the first time point
tl to the second time point t2. The second start signal FLM2
can have the inactive level from the first time point t1 to the
second time point t2.

[0103] The timing controller 120 can output the second
start signal FLM2 to the initialization driver 160. The timing
controller 120 can set the length of the active period T2 of the
second start signal FLM2 longer than the length of the active
period T1 of the first start signal FLMI1. In an example
embodiment, the length of the active period T2 of the second
start signal FLM2 is longer than the one horizontal period 1H,
and shorter than a length of the non-light emission period. For
example, if the length of the non-light emission period is 50
horizontal periods, the active period of the second start signal
corresponds to a period between 2 horizontal periods and 48
horizontal periods.

[0104] In an example embodiment, a length of an active
period of an OLED initialization signal generated by the
second start signal FLM2 is substantially the same as the
length of the active period of the second start signal FLM2. In
another example embodiment, a voltage level of the OLED
initialization signal applied to each OLED initialization line
substantially periodically transitions between the active level
and the inactive level during a predetermined time having a
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length substantially the same as the length of the active period
of the second start signal FLM2.

[0105] In an example embodiment, the timing controller
120 outputs the second start signal FL.M2 having the active
level after a predetermined time from when the timing con-
troller 120 outputs the first start signal FLM1 having the
active level. For example, the timing controller 120 outputs
the second start signal FLM2 having the active level after two
horizontal periods 2H from when the timing controller 120
outputs the first start signal FLM1 having the active level. At
a third time point t3, the second start signal FLM2 changes
from the inactive level to the active level. At a fourth time
point t4, the second start signal FLM2 changes from the active
level to the inactive level. A time period between the third and
fourth time points t3 and t4 corresponds to the active period of
the second start signal FLM2. The first start signal FLM1 can
have the inactive level from the first time point t3 to the
second time point t4.

[0106] The gate driver 150 and the initialization driver 160
can be respectively driven by the first start signal FLM1 and
the second start signal FLM2.

[0107] FIG. 6isatiming diagram illustrating an example of
an operation of the gate driver 150 due to the signals of FIG.
5.

[0108] Referring to FIGS. 5 and 6, the gate driver 150
includes a plurality of stages. The gate driver 150 can sequen-
tially output a plurality of gate initialization signals GI1, GI2,
... GlIn, and a plurality of scan signals GW1, GW2, ... GWn
based at least in part on the first start signal FLM1, the first
clock signal CLK1, and the second clock signal CLK2.
[0109] The gate driver 150 can output a first gate initializa-
tion signal GI1, and a first scan signal GW1 based at least in
part on the first start signal FLM1 and the first and second
clock signals CLK1 and CLK2. The first gate initialization
signal GI1 can be obtained by shifting the first start signal
FLM1 corresponding to one horizontal period 1H. At a first
time point t1, the first clock signal CLK1 and the first start
signal. FLM1 changes from the inactive level to the active
level, and the second clock signal CLK2 changes from the
active level to the inactive level. At a second time point t2, the
first clock signal CLK1 changes from the active level to the
inactive level, and the second clock signal CLK2 changes
from the inactive level to the active level. At the second time
point t2, the first start signal FLM1 changes from the active
level to the inactive level, and the first gate initialization
signal GI1 changes from the inactive level to the active level.
[0110] The gate driver 150 can output the second gate ini-
tialization signal GI2 and the first scan signal GW1 that are
obtained by shifting the first gate initialization signal GT1
corresponding to one horizontal period 1H. Similarly, the
gate driver 150 can output the third gate initialization signal
GI3 and the second scan signal GW2 that are obtained by
shifting the second gate initialization signal GI2 correspond-
ing to one horizontal period 1H. An (n)th gate initialization
signal can have substantially the same form as an (n—1)th scan
signal.

[0111] As illustrated in FIG. 6, at a third time point t3, the
first gate initialization signal GI1 changes from the active
level to the inactive level, and the second gate initialization
signal GI2 and the first scan signal GW1 changes from the
inactive level to the active level. At a fourth time point t4, the
second gate initialization signal GI2 and the first scan signal
GW1 changes from the active level to the inactive level, and
the third gate initialization signal GI3 and the second scan
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signal GW2 changes from the inactive level to the active level.
At a fifth time point t5, the third gate initialization signal GI3
and the second scan signal GW2 changes from the active level
to the inactive level, and a fourth gate initialization signal and
athird scan signal changes from the inactive level to the active
level.

[0112] FIG.7is atiming diagram illustrating an example of
an operation of initialization driver 160 due to the signals of
FIG. 5.

[0113] Referring to FIG. 7, the initialization driver 160
includes a plurality of stages. The initialization driver 160 can
sequentially output a plurality of OLED initialization signals
GB1, GB2, . . . GBn based at least in part on a second start
signal FLM2, a first clock signal CLK1, and a second clock
signal CLK2. In adjacent stages, the first and second clock
signals CLK?2 are applied in opposite sequences.

[0114] The initialization driver 160 can receive the second
start signal FLM2 from the timing controller 120. In an
example embodiment, a length of an active period T of the
second start signal FLM2 is longer than one horizontal period
1H, and shorter than a length of the non-light emission period
such that the length of the active period T of the second start
signal FLM2 is longer than a length of an active period of the
first start signal FLM1. The length of the active period T of the
second start signal FLM2 can be adjusted by controlling the
timing controller 120. A length of the active period T of the
light emitting diode initialization signals GB1 to GBn can be
substantially the same as the length of the active period T of
the second start signal FLM2.

[0115] When the first clock signal CLK1 changes from the
inactive level to the active level, the second start signal FLM?2
changes from the inactive level to the active level. In an
example embodiment, at a first time point t1, the first clock
signal CLK1 and the second start signal FLM2 changes from
the inactive level to the active level, and the second clock
signal CLK2 changes from the active level to the inactive
level. The length of the active period T of the second start
signal FLM2 is longer than the length of the active period of
the first start signal FLM1. Since these are described above
referred to FIG. 4, duplicated descriptions will not be
repeated.

[0116] The initialization driver 160 can output the first
OLED initialization signal GB1 based at least in part on the
second start signal FLM2, the first clock signal CLK1, and the
second clock signal CLK2. The first OLED initialization
signal GBI can be obtained by shifting the second start signal
FLM2 corresponding to one horizontal period 1H. At a first
time point t1, the first clock signal CLK1 and the second start
signal FLM2 changes from the inactive level to the active
level, and the second clock signal CLK2 changes from the
active level to the inactive level. At a second time point t2, the
first clock signal CLK1 changes from the active level to the
inactive level, and the second clock signal CLK2 changes
from the inactive level to the active level. At the second time
point 2, the first OLED initialization signal GB1 changes
from the inactive level to the active level.

[0117] Similarly, the initialization driver 160 can output the
second OLED initialization signal GB2 based at least in part
on the first OLED initialization signal GB1, the first clock
signal CLK1, and the second clock signal CLK2. At a third
time point t3, the first clock signal CLK1 changes from the
inactive level to the active level, and the second clock signal
CLK2 changes from the active level to the inactive level. At
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the third time point t3, the second OLED initialization signal
GB2 changes from the inactive level to the active level.
[0118] At a fourth time point t4, the second start signal
FLM2 changes from the active level to the inactive level.
Thus, the active period of the second start signal FLM2 can
correspond to a time period between the first time point t1 and
the fourth time point t4. In an example embodiment, when the
first clock signal CLK1 changes from the inactive level to the
active level, the second start signal FLM2 changes from the
active level to the inactive level.

[0119] The first and second OLED initialization signals
GB1 and GB2 can have substantially the same active periods
as the length of the active period of the second start signal
FLM2. Thus, at a fifth time point t5, the first OLED initial-
ization signal GB1 changes from the active level to the inac-
tive level. At a sixth time point t6, the second OLED initial-
ization signal GB2 changes from the active level to the
inactive level. The initialization driver 160 can sequentially
output the OLED initialization signals that have the active
period above 2 horizontal periods. Thus, the OLED in a pixel
can be initialized in a sufficient amount of time, and the
response speed of the pixel can be improved.

[0120] Inanexample embodiment, the initialization driver
160 includes substantially the same stage circuit as the stage
circuit of the emission control driver 140. Thus, the initial-
ization driver 160 can output the OLED initialization signal
that has a longer active period than the active period of the
gate initialization signal and the scan signal.

[0121] FIG. 8 is a timing diagram illustrating another
example of an operation of initialization driver 160 due to the
signals of F1IG. 5.

[0122] Referring to FIG. 8, the initialization driver 160
includes a plurality of stages. The initialization driver 160 can
sequentially output the plurality of OLED initialization sig-
nals GB1 to GBn based at least in part on a second start signal
FLM2, a first clock signal CLK1, and a second clock signal
CLK2.

[0123] The initialization driver 160 can receive the second
start signal FLM2 from the timing controller 120. In an
example embodiment, the length of the active period T of the
second start signal FLM2 is above 2 horizontal periods. The
length of the active period T of the second start signal FLM2
can be adjusted by controlling the timing controller 120.
Since these are described above referred to FIG. 7, duplicated
descriptions will not be repeated.

[0124] In an example embodiment, a voltage level of the
OLED initialization signal applied to each OLED initializa-
tion line substantially periodically transitions between the
active level and the inactive level during a predetermined time
T' having a length substantially the same as the length of the
active period T of the second start signal FLM2. In an
example embodiment, the OLED initialization signal
changes from the inactive level to the active level in each
horizontal period.

[0125] A first stage of the initialization driver 160 can out-
put the first OLED initialization signal GB1 based at least in
part on the second start signal FLM2, the first clock signal
CLK1, and the second clock signal CLK2. The first clock
signal CLK1 changes from the active level to the inactive
level and the second clock signal CLK2 changes from the
inactive level to the active level after one horizontal period 1H
from when the second start signal FLM2 changes from the
inactive level to the active level. The first OLED initialization
signal GB1 changes from the inactive level to the active level
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after one horizontal period 1H from when the second start
signal FLM2 changes from the inactive level to the active
level. The first OLED initialization signal GB1 can substan-
tially periodically change between the active level and the
inactive level corresponding to the transitions of the first
clock signal CLK1 and/or the second clock signal CLK2
during the predetermined time T'. A length of the active
period AT of the first OLED initialization signal GB1 can be
substantially the same as a length of an active period of the
second clock signal CLK2 (or, length of an inactive period of
the first clock signal CLK1). A length of the inactive period
DT of the first OLED initialization signal GB1 can be sub-
stantially the same as a length of an active period of the first
clock signal CLK1 (or, length of an inactive period of the
second clock signal CLK2). In an example embodiment, the
length of the active period AT and the length of the inactive
period DT of the OLED initialization signal correspond to
one horizontal period, during the predetermined time T".

[0126] The length of the predetermined time T' can be
substantially the same as the length of the active period T of
the second start signal FLM2. In other words, for example, the
sum of the active periods AT of the first OLED initialization
signal GBI in one frame can correspond to a half of the length
of the active period T of the second start signal FLM?2.

[0127] Inan example embodiment, a second OLED initial-
ization signal GB2 can be obtained by shifting the first OLED
initialization signal GB1 corresponding to one horizontal
period 1H. Thus, sum of the active periods AT of the second
OLED initialization signal GB2 in one frame can correspond
to the half of the length of the active period T of the second
start signal FLM2. The initialization driver 160 can sequen-
tially output the OLED initialization signals that have the
active period above 2 horizontal periods. Thus, the OLED in
apixel can be initialized in a sufficient amount of time, and the
response speed of the pixel can be improved.

[0128] In an example embodiment, the initialization driver
160 includes substantially the same stage circuit as the stage
circuit of the gate driver 150. Thus, the initialization driver
160 can output the OLED initialization signal that substan-
tially periodically changes between the active level and the
inactive level.

[0129] FIG. 9 is a block diagram of an OLED display 500
according to example embodiments.

[0130] Referring to FIGS. 1 and 9, the OLED display 500
includes a display panel 510, a timing controller 520, a data
driver 130, an emission control driver 140, a first gate driver
540, a second gate driver 550, and an initialization driver 160.
Detailed descriptions on elements and/or constructions sub-
stantially the same as or similar to those illustrated with
reference to FIG. 1 are omitted. Like reference numerals are
used to represent like elements.

[0131] The display panel 510 includes a plurality of left
scan lines LGW, a plurality of right scan lines RGW, a plu-
rality of left gate initialization lines LGI, a plurality of right
gate initialization lines RGI, a plurality of OLED initializa-
tion lines GB, a plurality of emission control lines EM, a
plurality of data lines DL, and a plurality of pixels 515 respec-
tively having a plurality of OLEDs. The pixels 515 can be
formed in a matrix form. In an example embodiment, the
number of the left scan lines LGW, right scan lines RGW, left
gate initialization lines LGI, right gate initialization lines
RGI, OLED initialization lines GB, and emission control
lines EM is n (n is an integer greater than zero.). The number
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of the data lines DL is m (m is an integer greater than zero.).
In an example embodiment, the number of the pixels 115 is
nxm.

[0132] Thetiming controller 520 can control the data driver
130, the emission control driver 140, the first gate driver 540,
the second gate driver 550 and the initialization driver 160.
The timing controller 520 can generate a data signal DATA2
which has a digital type and corresponds to operating condi-
tions of the display panel 110 based at least in part on the input
image signal DATA. The timing controller 120 can generate a
first control signal CONT1 to control a driving timing of the
data driver 130 based atleast in part on the input control signal
CONT. The timing controller 520 can generate a second
control signal CONT2 to control a driving timing of the
emission control driver 140. The timing controller 120 can
apply the second control signals CONT2 to the emission
control driver 140.

[0133] The timing controller 520 can substantially simul-
taneously output a third control signal CONT3 to the first gate
driver 540 and the second gate driver 550. The third control
signal can include a first start signal, a first clock signal, and
a second clock signal.

[0134] The timing controller 520 can output a fourth signal
CONT4 to the initialization driver 160. The fourth control
signal CONT4 caninclude a second start signal, the first clock
signal, and the second clock signal.

[0135] In an example embodiment, the timing controller
520 substantially simultaneously outputs the first start signal
having an active period corresponding to one horizontal
period to the first and second gate drivers 150, and outputs the
second start signal having the active period to the initializa-
tion driver 160 after a certain time from when the timing
controller 520 outputs the first start signal having the active
level. The one horizontal period can be defined as a shift
period between the first clock signal and the second clock
signal. In an example embodiment, the first and second clock
signals have substantially the same period, and the second
clock signal are obtained by shifting the first clock signal by
half of a period of the first clock signal. A length of one
horizontal period can be adjusted by a drive frequency of the
OLED display 500.

[0136] A length of an active period of the second start
signal can be longer than a length of an active period of the
first start signal. In an example embodiment, the length of the
active period of the second start signal is longer than one
horizontal period, and shorter than a length of a non-light
emission period. For example, if the length of the non-light
emission period is about 50 horizontal periods, the active
period of the second start signal corresponds to a period
between 2 horizontal periods and 48 horizontal periods.

[0137] The first gate driver 540 can receive the first start
signal, sequentially apply a left gate initialization signal to the
left gate initialization lines LGI based at least in part on the
first start signal, and sequentially apply a left scan signal to
the left scan lines LGW based at least in part on the first start
signal.

[0138] The second gate driver 550 can receive the first start
signal, sequentially apply a right gate initialization signal to
the right gate initialization lines RGI based at least in part on
the first start signal, and sequentially apply a right scan signal
to the right scan lines RGW based at least in part on the first
start signal.
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[0139] 1In an example embodiment, the left gate initializa-
tion signal is substantially the same as the right gate initial-
ization signal and the left scan signal is substantially the same
as the right scan signal.

[0140] In anexample embodiment, the first gate driver 540
is located on the left side of the display panel 510, and the
second gate driver 550 is located on the right side of the
display panel 510. In an example embodiment, the first gate
driver 540 has substantially the same stage circuits as the
second gate driver 550. The first and second gate drivers 540
and 550 substantially simultaneously receive the third control
signal CONT3 such that the first and second gate drivers 540
and 550 output substantially the same signals at substantially
the same time. The display panel 510 can receive the gate
initialization signals and the scan signals from both sides. In
an example embodiment, an (n)th left scan signal and an (n)th
right scan signal substantially simultaneously have the active
level when an (n)th left gate initialization signal and an (n)th
right gate initialization signal change from the active level to
the inactive level. Thus, the pixels in the display panel 510
corresponding to an (n)th left scan line, an (n)th right scan
line, an (n)th left gate initialization line, and an right gate
initialization line substantially simultaneously receive the
gate initialization signals from both sides and substantially
simultaneously receive the scan signals from both sides.
Therefore, RC time delay caused by loads and/or parasitic
capacitances of signal lines in the display panel 510 can
decrease.

[0141] The initialization driver 160 can receive the fourth
control signal CONT4 including the second start signal, the
first clock signal, and the second clock signal and sequentially
apply an OLED initialization signals to the OLED initializa-
tion lines GB based at least in part on the fourth control signal
CONT4.

[0142] In an example embodiment, a length of an active
period of the OLED initialization signals is substantially the
same as the length of the active period of the second start
signal. Thus, the OLED can be initialized in a sufficient
amount oftime, and the residual voltage that has been applied
to the OLED during the previous frame can be fully dis-
charged. In another example embodiment, a voltage level of
the OLED initialization signal applied to each OLED initial-
ization line substantially periodically transitions between the
active level and the inactive level during a predetermined time
having a length substantially the same as the length of the
active period of the second start signal. Each active period and
inactive period of the OLED initialization signal can corre-
spond to one horizontal period. Thus, the OLED can be ini-
tialized in a sufficient amount of time, and residual voltage
that has been applied to the OLED during the previous frame
can be fully discharged. However, these are examples, and the
length of the active period of the OLED initialization signal
and the length of the inactive period of the OLED initializa-
tion signal are not limited thereto.

[0143] In an example embodiment, when the left and right
scan signals applied to the one of the left scan lines LGW and
the one of the right scan lines RGW reach inactive levels, the
initialization driver 160 outputs the OLED initialization sig-
nal having the active level to one of the OLED initialization
lines GB corresponding to one of the left scan lines LGW and
one of the right scan lines RGW. The pixel 515 can sequen-
tially receive the gate initialization signal, the scan signal, and
the OLED initialization signal.
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[0144] As described above, the OLED display 500 of FIG.
9 includes the initialization driver 160 independently opet-
ated from the first and second gate drivers 540 and 550. The
initialization driver 160 can output the OLED initialization
signal based at least in part on the second start signal, and the
length of the active period of the OLED initialization signal
can be longer than the length of the active period of the gate
initialization signal and the scan signal. Therefore, the
response speed of the pixel 515 and an image blur problem
can be improved. The response speed of the pixel emitting a
green light that is most affected by the drive frequency can be
greatly improved.

[0145] Inaddition, the first and second drivers 540 and 550
can substantially simultaneously apply the left and right gate
initialization signals and substantially simultaneously apply
the left and right scan signals to the display panel 510. Thus,
RC time delay caused by loads and/or parasitic capacitances
of signal lines in the display panel 510 can decrease.

[0146] FIG. 10 is a timing diagram illustrating an example
of signals applied to the display panel 510 included in the
OLED display 500 of FIG. 9. FIG. 11 is a timing diagram
illustrating another example of signals applied to the display
panel 510 included in the OLED display 500 of FIG. 9.

[0147] Referringto FIGS. 10 and 11, an (n)th (nis a integer
greater than 0) left gate initialization signal LGIn, an (n)th
right gate initialization signal RGIn, an (n)th left scan signal
LGWn, an (n)th right scan signal RGWn, and an (n)th OLED
initialization signal GBn are sequentially applied to pixels
arranged in a corresponding row during a non-light emission
period P1 of one frame. The (n)th left gate initialization signal
LGIn and the (n)th left scan signal LGWn can be generated in
an (n)th stage of the first gate driver 540. The (n)th right gate
initialization signal RGIn and the (n)th right scan signal
RGWn can be generated in an (n)th stage of the second gate
driver 550. The (n)th OLED initialization signal GBn can be
generated in an (n)th stage of the initialization driver 160. In
an example embodiment, the (n)th left gate initialization sig-
nal LGIn substantially the same as the (n)th right gate initial-
ization signal RGIn. The first and second gate drivers 540 and
550 can substantially simultaneously output the (n)th left gate
initialization signal LGIn and the (n)th right gate initializa-
tion signal RGIn, respectively. Similarly, the (n)th left scan
signal LGWn can be substantially the same as the (n)th right
scan signal RGWn. The first and second gate drivers 540 and
550 can substantially simultaneously output the (n)th left
scan signal LGWn and the (n)th right scan signal RGWn,
respectively.

[0148] Inanexampleembodiment, the (n)th left scan signal
LGWn and the (n)th right scan signal RGWn substantially
simultaneously have the active level when the (n)th left gate
initialization signal LGIn and the right gate initialization
signal RGIn change from the active level to the inactive level.
Thus, pixels in the display panel 510 corresponding to the
(mth left scan signal LGWn, the (n)th right scan signal
RGWn, the (n)th left gate initialization signal LGlIn, and the
right gate initialization signal RGIn can substantially simul-
taneously receive the gate initialization signals from both
sides and substantially simultaneously receive the scan sig-
nals from both sides.

[0149] Asillustrate in FIGS. 10 and 11, at a first time point
tl, the (n)th emission control signal EMn changes from the
active level to the inactive level. Thus, the non-light emission
period starts from the first time point t1.
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[0150] At a second time point t2, the (n)th left gate initial-
ization signal LGIn and the right gate initialization signal
RGIn change from the active level to the inactive level. An
active period of the (n)th left gate initialization signal LGIn
and the right gate initialization signal RGIn correspond to one
horizontal period 1H. The one horizontal period 1H corre-
sponds to a half of a period of the first clock signal (or the
second clock signal). The (n)th left gate initialization signal
LGIn and the right gate initialization signal RGIn change
from the active level to the inactive level after one horizontal
period 1H from the second time point t2. In an example
embodiment, the second time point t2 is the same as the first
time point t1.

[0151] At athird time point t3, the (n)th left gate initializa-
tion signal LGIn and the right gate initialization signal RGIn
change from the active level to the inactive level, and the (n)th
left scan signal. LGWn and the (n)th right scan signal RGWn
change from the inactive level to the active level. The (n)th
OLED initialization signal GBn can still have the inactive
level. An active period of (n)th left scan signal LGWn and the
(n)th right scan signal RGWn can correspond to one horizon-
tal period 1H.

[0152] As illustrated in FIG. 10, at a fourth time point 4,
the (n)th left scan signal LGWn and the (n)th right scan signal
RGWn change from the active level to the inactive level, and
the (n)th OLED initialization signal GBn change from the
inactive level to the active level. The (n)th left gate initializa-
tion signal [.GIn and the right gate initialization signal RGIn
can have the inactive level.

[0153] Atafifthtime pointt5, the (n)th OLED initialization
signal GBn changes from the active level to the inactive level.
An active period of the (n)th OLED initialization signal GBn
corresponds to a time period from the fourth time point t4 to
the fifth time point t5. In an example embodiment, the length
of the active period of the (n)th OLED initialization signal
GBn (as represented T) is above 2 horizontal periods and
below the length of the non-light emission period P1 minus 2
horizontal periods.

[0154] As illustrated in FIG. 11, during a time period
between the fourth time point t4 and the fifth time point t5, the
initialization driver 160 outputs the (n)th OLED initialization
signal GBn that substantially periodically transitions
between the active level and the inactive level. In an example
embodiment, the length of the active period AT and the length
of the inactive period DT of the OLED initialization signal
respectively correspond to one horizontal period.

[0155] The active period of the (n)th OLED initialization
signal GBn is longer than the typical active period, so that the
OLED of the pixel can be initialized in a sufficient amount of
time, and the residual voltage that has been applied to the
OLED during the previous frame can be fully discharged.
[0156] As illustrated in FIGS. 10 and 11, at a sixth time
point t6, the (n)th emission control signal EMn changes from
the inactive level to the active level.

[0157] The active period of the OLED initialization signal
GBnis longer than the scan signals LGWnand RGWn and the
gate initialization signals I.GIn and RGIn such that the OLED
of the pixel can be initialized in a sufficient amount of time,
and the residual voltage that has been applied to the OLED
during the previous frame can be fully discharged.

[0158] The present embodiments can be applied to any
display device and any system including the display device.
For example, the present embodiments are applied to televi-
sions, computer monitors, laptop computers, digital cameras,
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cell phones, smartphones, tablet computers, personal digital
assistants (PDAs), portable multimedia players (PMPs), MP3
players, navigation systems, game consoles, video phones,
etc.

[0159] The foregoing is illustrative of example embodi-
ments, and s not to be construed as limiting thereof. Although
the inventive technology has been described, those skilled in
the art will readily appreciate that many modifications are
possible in the example embodiments without materially
departing from the novel teachings and advantages of
example embodiments. Accordingly, all such modifications
are intended to be included within the scope of example
embodiments as defined in the claims. Therefore, it is to be
understood that the foregoing is illustrative of example
embodiments and is not to be construed as limited to the
specific embodiments disclosed, and that modifications to the
disclosed example embodiments, as well as other example
embodiments, are intended to be included within the scope of
the appended claims. The inventive concept is defined by the
following claims, with equivalents of the claims to be
included therein.

What is claimed is:

1. An organic light-emitting diode (OLED) display com-
prising:

a display panel including a plurality of scan lines, a plural-
ity of gate initialization lines, a plurality of OLED ini-
tialization lines, a plurality of emission control lines, a
plurality of data lines, and a plurality of pixels respec-
tively including a plurality of OLEDs;

a data driver configured to respectively apply a plurality of
data signals to the data lines;

an emission control driver configured to sequentially apply
an emission control signal to the emission control lines,
wherein the emission control signal is configured to
determine a light emission period and a non-light emis-
sion period;

a timing controller configured to output a first start signal
having a first active period and a second start signal
having a second active period,

a gate driver configured to 1) receive the first start signal
from the timing controller, ii) sequentially apply a gate
initialization signal to the gate initialization lines based
at least in part on the first start signal, and iii) sequen-
tially apply a scan signal to the scan lines; and

an initialization driver configured to receive the second
start signal and sequentially apply an OLED initializa-
tion signal to the OLED initialization lines based at least
in part on the second start signal, wherein the second
active period is longer than the first active period.

2. The device of claim 1, wherein the OLED initialization
signal has a third active period having substantially the same
duration as the second active period.

3. The device of claim 2, wherein the first active period
corresponds to one horizontal period.

4. The device of claim 3, wherein the timing controller is
further configured to output the second start signal two hori-
zontal periods after the first start signal is output.

5. The device of claim 3, wherein, when the gate initializa-
tion signal applied to a selected one of the gate initialization
lines changes to an inactive level, the gate driver is further
configured to transmit the scan signal to a selected one of the
scan lines corresponding to the selected gate initialization
line.
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6. The device of claim 5, wherein, when the scan signal
applied to the selected scan line changes to the inactive level,
the initialization driver is further configured to transmit the
OLED initialization signal to one of the OLED initialization
lines corresponding to the selected scan line.

7. The device of claim 2, wherein the second active period
is longer than one horizontal period and shorter than the
non-light emission period.

8. The device of claim 1, wherein the initialization driver is
further configured to change a voltage level of the OLED
initialization signal substantially periodically between the
active level and the inactive level during a predetermined time
substantially the same as the second active period.

9. The device of claim 8, wherein the initialization driver is
further configured to sequentially change a plurality of the
OLED initialization signals from the inactive level to the
active level every horizontal period.

10. The device of claim 9, wherein the timing controller is
further configured to transmit the first start signal to the gate
driver and the second start signal to the initialization driver.

11. The device of claim 10, wherein the timing controller is
further configured to transmit the second start signal two
horizontal periods after the first start signal is output.

12. The device of claim 10, wherein, when the gate initial-
ization signal applied to a selected one of the gate initializa-
tion lines changes to the inactive level, the gate driver is
further configured to transmit the scan signal to a selected one
of the scan lines corresponding to the selected gate initializa-
tion line.

13. The device of claim 12, wherein, when the scan signal
applied to the selected scan line changes to the inactive level,
the initialization driver is further configured to transmit the
OLED initialization signal to one of the OLED initialization
lines corresponding to the selected scan line.

14. The device of claim 9, wherein the second active period
is longer than one horizontal period and shorter than the
non-light emission period.

15. An organic light-emitting diode (OLED) display com-
prising:

a display panel including a plurality of first scan lines, a
plurality of second scan lines, a plurality of first gate
initialization lines, a plurality of second gate initializa-
tion lines, a plurality of OLED initialization lines, a
plurality of emission control lines, a plurality of data
lines, and a plurality of pixels respectively including a
plurality of OLEDs;

a data driver configured to respectively apply a plurality of
data signals to the data lines;

an emission control driver configured to sequentially apply
an emission control signal to the emission control lines,
wherein the emission control signal is configured to
determine a light emission period and a non-light emis-
sion period;
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a timing controller configured to output a first start signal
having a first active period and a second start signal
having a second active period,

a first gate driver configured to i) receive the first start
signal from the timing controller, ii) sequentially apply a
first gate initialization signal to the first gate initializa-
tion lines based at least in part on the first start signal, and
1) sequentially apply a first scan signal to the first scan
lines;

a second gate driver configured to i) receive the first start
signal, ii) sequentially apply a second gate initialization
signal to the second gate initialization lines based at least
in part on the first start signal, and 1ii) sequentially apply
a second scan signal to the second scan lines;

an initialization driver configured to receive the second
start signal and sequentially apply an OLED initializa-
tion signal to the OLED initialization lines based at least
in part on the second start signal, wherein the second
active period is longer than first active period.

16. The device of claim 15, wherein an active period of the
OLED initialization signal is substantially the same as the
second active period of the second start signal.

17. The device of claim 16, wherein the timing controller is
further configured to substantially simultaneously transmit
the first start signal to the first and second gate drivers, and

wherein the timing controller is further configured to trans-
mit the second start signal two horizontal periods after
the first start signal is output.

18. The device of claim 17, wherein the first and second
gate drivers are further configured to substantially simulta-
neously transmit the first and second scan signals to a selected
one of the first scan lines and one of the second scan lines,
respectively, and

wherein, when the first and second scan signals applied to
the selected first and second scan lines become inactive
levels, the initialization driver is configured to output the
OLED initialization signal having the active level to one
of the OLED initialization lines corresponding to the
selected first and second scan lines.

19. The device of claim 16, wherein the second active
period is longer than one horizontal'period, and shorter than
the non-light emission period.

20. The device of claim 15, wherein the initialization driver
is further configured to change a voltage level of the OLED
initialization signal substantially periodically between an
active level and an inactive level during a predetermined time
substantially the same as the second active period, and

wherein the second active period is longer than one hori-
zontal period and shorter than the non-light emission
period.
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