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(57) A pixel includes an organic light emitting diode
and a pixel control circuit. The pixel control circuit in-
cludes a first transistor, a second transistor, and a third
transistor. The first transistor controls an amount of cur-
rent to the organic light emitting diode from a first power
source based on a voltage applied to a first node. The
second transistor is coupled between the first node and
a data line and turns on when a scan signal is supplied
to a scan line. The third transistor is coupled between
the first power source and a second node that is a com-
mon terminal of first and second capacitors, which are
coupledinseries between the firstnode and the fist power
source. In operation, the third transistor turns on when a
first control signal is supplied to a first control line.

Pixel and organic light emitting display using the same
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Description
BACKGROUND
1. Field

[0001] One or more embodiments described herein re-
late to a display device.

2. Description of the Related Art

[0002] Various types of flat panel displays have been
developed. Examples include liquid crystal displays, field
emission displays, plasma display panels, and organic
light emitting displays. These displays are preferred by
consumers because of their reduced weight and size
compared with displays that use cathode ray tubes.
[0003] An organic light emitting display generates im-
ages using pixels that include organic light emitting di-
odes. Each diode emits light based on a recombination
of electrons and holes in an active layer. Displays of this
type have a fast response speed and may be driven with
low power compared to other displays.

SUMMARY

[0004] In accordance with one embodiment, a pixel in-
cludes an organic light emitting diode; a first transistor
configured to control an amount of current supplied to
the organic light emitting diode from a first power source,
the first power source coupled to a first electrode of the
first transistor, the amount of current supplied to the or-
ganic light emitting diode being based on a voltage ap-
plied to afirst node; a second transistor coupled between
the first node and a data line, the second transistor being
turned on when a scan signal is supplied to a scan line;
first and second capacitors coupled in series between
the first node and the first power source; and a third tran-
sistor coupled between the first power source and a sec-
ond node that is a common terminal of the first and sec-
ond capacitors, the third transistor being turned on when
a first control signal is supplied to a first control line.
[0005] Also, the pixel may include a fourth transistor
that may be coupled between an anode electrode of the
organic light emitting diode and an initialization power
source, and the fourth transistor may turn on when the
scan signal is supplied to the scan line.

[0006] Also, the initialization power source may be set
to a voltage at which the organic light emitting diode is
turned off.

[0007] Also, the pixel may include a fourth transistor
coupled between the second node and the first electrode
of the first transistor, and the fourth transistor may turn
on when a second control signal is supplied to a second
control line.

[0008] Also, the third transistor and a fifth transistor
may be progressively turned on after a data signal is sup-
plied to the first node. The third and a fifth transistor may
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have turn-on periods that partially overlap a turn-on pe-
riod of the second transistor.

[0009] Also, a fourth transistor may be coupled be-
tween a second electrode of the first transistor and the
organic light emitting diode, and the fourth transistor may
be turned on when a second control signal is supplied to
a second control line.

[0010] Also, the third transistor and a fifth transistor
may be progressively turned on after a data signal is sup-
plied to the first node. The third transistor and a fifth tran-
sistor may have turn-on periods which partially overlap
a turn-on period of the second transistor.

[0011] Inaccordance with another embodiment, an or-
ganic light emitting display includes pixels positioned in
an area defined by scan lines and data lines; a scandriver
configured to simultaneously supply a scan signal to the
scan lines during first and second periods in one frame,
and progressively control the supply of the scan signal
to the scan lines during a third period in the one frame;
a data driver configured to supply a data signal to the
data lines synchronized with the scan signal during the
third period; and a control driver configured to supply a
first control signal to afirst control line commonly coupled
to the pixels, and to supply a second control signal to a
second control line commonly coupled to the pixels.
[0012] Each pixel positioned on an i-th (i is a natural
number) horizontal line may include an organic light emit-
ting diode; a first transistor configured to control an
amount of current supplied to the organic light emitting
diode from a first power source, the first power source
coupled to a first electrode of the first transistor, the
amount of current supplied to the organic light emitting
diode being based on a voltage applied to a first node; a
second transistor coupled between the first node and a
data line, the second transistor being turned on when a
scan signal is supplied to an i-th scan line; first and sec-
ond capacitors coupled in series between the first node
and the first power source; a third transistor coupled be-
tween an anode electrode of the organic light emitting
diode and an initialization power source, the third tran-
sistor being turned on when the scan signal is supplied
to the i-th scan line; and a fourth transistor coupled be-
tween the first power source and a second node that is
a common terminal of the first and second capacitors,
the fourth transistor being turned on when the first control
signal is supplied to the first control line.

[0013] Also, afifth transistor may be coupled between
the second node and the first electrode of the first tran-
sistor, and the fifth transistor may be turned on when the
second control signal is supplied to the second control
line.

[0014] Also, afifth transistor may be coupled between
a second electrode of the first transistor and the organic
light emitting diode, and the fifth transistor may be turned
on when the second control signal is supplied to the sec-
ond control line.

[0015] Also, the initialization power source may be set
to a voltage at which the organic light emitting diode is
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turned off.

[0016] Also, the control driver may supply the first con-
trol signal during a first period and supplies the second
control signal during a second period.

[0017] Also, the data driver may apply the voltage of a
reference power source to the data lines during the first
and second periods. The reference power source may
be set to a voltage at which the first transistoris turned on.
[0018] Also, the data driver may apply the voltage of
an off-power source to the data lines during a portion of
the first period, and may apply the voltage of the refer-
ence power source to the data lines during the other of
the first period and the second period.

[0019] Also, the off-power source may be set to a volt-
age to turn off the first transistor, and the reference power
source may be set to a voltage to turn on the first tran-
sistor.

[0020] Also, the off-power source may be set to a volt-
age substantially equal to a voltage of the first power
source, and the reference power source may be setto a
voltage in the voltage range of the data signal.

[0021] Also, the control driver may supply the first con-
trol signal and then may supply the second control signal
after a third period in the one frame. The scan driver may
progressively stop the supply of the scan signal to the
scan lines during the third period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Features will become apparent to those of skill
in the art by describing in detail exemplary embodiments
with reference to the attached drawings in which:

FIG. 1 illustrates an embodiment of an organic light
emitting display;

FIG. 2illustrates a first embodiment of a pixel in FIG.
1;

FIG. 3 illustrates a waveform corresponding to a first
embodiment of a method for driving the pixel in FIG.
2

FIGS. 4A-4C illustrate an embodiment of a process
for operating the pixel based on the driving waveform
of FIG. 3;

FIG. 5illustrates a waveform corresponding to a sec-
ond embodiment of a method for driving the pixel in
FIG. 2;

FIGS. 6A-6B illustrate an embodiment of a process
for operating the pixel based on the driving waveform
of FIG. 5;

FIG. 7 illustrates a second embodiment of the pixel
in FIG. 1;

FIGS. 8A-8D illustrate another embodiment of a
process for operating the pixel based on the driving
waveform of FIG. 5;

FIG. 9illustrates an example of a waveform of a scan
signal supplied during a third period of operation.
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DETAILED DESCRIPTION

[0023] Example embodiments are described more fully
hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms
and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey exemplary implementations
to those skilled in the art.

[0024] Inthe drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
In addition, it will also be understood that when a layer
is referred to as being "between" two layers, it may be
the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0025] FIG. 1 illustrates an embodiment of an organic
light emitting display which includes a pixel unit 140, a
scan driver 110, a control driver 120, a data driver 130,
and a timing controller 150. The pixel unit 140 includes
pixels 142 positioned atintersection portions of scanlines
S1 to Sn and data lines D1 to Dm. The scan driver 110
drives the scan lines S1 to Sn. The control driver 120
drives first and second control lines CL1 and CL2 which
are commonly coupled to the pixels 142. The data driver
130 drives the data lines D1 to Dm. The timing controller
150 controls the drivers 110, 120 and 130.

[0026] The scan driver 110 may supply a scan signal
to the scan lines S1 to Sn. For example, the scan driver
110 may progressively supply a scan signal to the scan
lines S1 to Sn during a third period in one frame. If the
scan signal is progressively supplied to the scan lines S1
to Sn, pixels 142 are selected for each horizontal line.
[0027] The data driver 130 may supply a data signal
to the data lines D1 to Dm so as to be synchronized with
the scan signal. Then, the data signal is supplied to the
pixels 142 selected by the scan signal. The data driver
130 applies a predetermined voltage, for example, the
volatge of reference power source Vref (to be explained
below) to the data lines D1 to Dm during the other periods
except the third period in the one frame.

[0028] The control driver 120 supplies a first control
signal to the first control line CL1 commonly coupled to
the pixels 142, and supplies a second control signal to
the second control line CL2 commonly coupled to the
pixels 142. In accordance with one embodiment, the first
and second control signals may be supplied during first
and second periods, except a third period (to be dis-
cussed in greater detail below) in one frame.

[0029] The pixels 142 may be positioned in an area
defined by the scan lines S1 to Sn and the data lines D1
to Dm. The pixels 142 may emitlightwith a predetermined
luminance, by controlling the amount of current flowing
from a first power source ELVDD to a second power
source ELVSS via an organic light emitting diode, corre-
sponding to the data signal.

[0030] Although the first and second control lines CL1
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and CL2 were described above as being driven by the
control driver 120, the first and second control lines CL1
and CL2 may be driven by the scan driver 110 in other
embodiments.

[0031] Inaddition, although the firstand second control
lines CL1 and CL2 were described above as being com-
monly coupled to all the pixels 142, the pixel unit 140
may be divided into predetermined blocks in other em-
bodiments. In these other embodiments, pixels 142 for
each block may be coupled to different first and second
control lines CL1 and CL2. In this case, the pixels 142
are driven for each block.

[0032] FIG. 2 illustrates a first embodiment of a pixel
142 in FIG. 1. For convenience of illustration, the pixel is
shown to be coupled to an n-th scan line Sn and an m-
th data line Dm. Referring to FIG. 2, in the first embodi-
ment the pixel 142includes an organiclightemitting diode
OLED and a pixel circuit 144 configured to control the
amount of current supplied to the organic light emitting
diode OLED.

[0033] An anode electrode of the organic light emitting
diode OLED may be coupled to the pixel circuit 144, and
a cathode electrode of the organic light emitting diode
OLED is coupled to the second power source ELVSS.
The organic light emitting diode OLED may generate light
with a predetermined luminance corresponding to the
amount of current supplied from the pixel circuit 144. The
second power source ELVSS may be set to a voltage
lower than that of the first power source ELVDD, so that
current may flow through the organic light emitting diode
OLED.

[0034] The pixel circuit 144 may control the amount of
current supplied to the organic light emitting diode OLED,
corresponding to a data signal. In accordance with the
firstembodiment, the pixel circuit 144 includes first to fifth
transistors M1 to M5, a first capacitor C1, and a second
capacitor C2. While these transistors are shown as
PMOS transistors, one or more of the transistors may be
NMOS transistors in other embodiments.

[0035] A first electrode of the first transistor (driving
transistor) M1 is coupled to a second electrode of the
fifth transistor M5, and a second electrode of the first
transistor M1 is coupled to a third node N3. A gate elec-
trode of the first transistor M1 may be coupled to a first
node N1. The first transistor M1 may control the amount
of current flowing from the first power source ELVDD to
the second power source ELVSS via the organic light
emitting diode OLED, corresponding to a voltage applied
to the first node N1.

[0036] A first electrode of the second transistor M2 is
coupled to the data line Dm, and a second electrode of
the second transistor M2 is coupled to the first node N1.
A gate electrode of the second transistor M2 is coupled
to the scan line Sn. The second transistor M2 is turned
on when a scan signal is supplied to the scan line Sn, so
as to allow the data line Dm and the first node N1 to be
electrically coupled to each other.

[0037] A first electrode of the third transistor M3 may
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be coupled to the third node N3, and a second electrode
of the third transistor M3 may be coupled to an initializa-
tion power source Vint. A gate electrode of the third tran-
sistor M3 is coupled to the scan line Sn. The third tran-
sistor M3 is turned on when the scan signal is supplied
to the scan line Sn, so as to apply the voltage of the
initialization power source Vint to the third node N3. The
initialization power source Vint may be set to a low volt-
age, so that the organic light emitting diode OLED may
be turned off.

[0038] A first electrode of the fourth transistor M4 may
be coupled to the first power source ELVDD, and a sec-
ond electrode of the fourth transistor M4 is coupled to a
second node N2. A gate electrode of the fourth transistor
M4 may be coupled to thefirst controlline CL1. The fourth
transistor M4 is turned on when a first control signal is
supplied to the first control line CL1, so as to supply the
voltage of the first power source ELVDD to the second
node N2.

[0039] A first electrode of the fifth transistor M5 may
be coupled to the second node N2, and the second elec-
trode of the fifth transistor M5 may be coupled to the first
electrode of the first transistor M1. A gate electrode of
the fifth transistor M5 is coupled to the second control
line CL2. The fifth transistor M5 is turned on when a sec-
ond control signal is supplied to the second control line
CL2, so as to allow the second node N2 and the first
transistor M1 to be electrically coupled to each other.
[0040] The first capacitor C1 may be coupled between
the firstand second nodes N1 and N2. The first capacitor
C1 may store the threshold voltage of the first transistor
M1 and a voltage corresponding to the data signal.
[0041] The second capacitor C2 may be coupled be-
tween the second node N2 and the first power source
ELVDD. The second capacitor C2 may have a predeter-
mined capacitance, so as to allow for storage of the
threshold voltage of the first transistor M1 and the voltage
corresponding to the data signal.

[0042] FIG. 3 illustrates a waveform corresponding to
a first embodiment of a method for driving the pixel in
FIG. 2. Referring to FIG. 3, during a first period T1, a first
control signal is supplied to the first control line CL1, a
scan signal is supplied to the scan lines S1 to Sn, and
the voltage of a reference power source Vref is applied
to the data line Dm. The reference power source Vref is
set to a specific voltage in the voltage range of the data
signal. Thus, the reference power source Vref may be
set to a voltage at which current may flow through the
first transistor M1.

[0043] When the first control signal is supplied to the
first control line CL1, the fourth transistor M4 is turned
on as shown in FIG. 4A. When the fourth transistor M4
is turned on, the voltage of the first power source ELVDD
is applied to the second node N2.

[0044] When the scan signal is supplied to the scan
line Sn, the second and third transistors M2 and M3 are
turned on. When the second transistor M2 is turned on,
the voltage of the reference power source Vref from the
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data line Dm is applied to the first node N1.

[0045] When the third transistor M3 is turned on, the
voltage of the initialization power source Vint is applied
to the third node N3. When the voltage of the initialization
power source Vint is applied to the third node N3, the
organic light emitting diode OLED is initialized. For ex-
ample, if the voltage of the initialization power source
Vref is applied to the third node N3, an organic capacitor
parasitically formed in the organic light emitting diode
OLED may be discharged to be initialized.

[0046] During a second period T2, a second control
signal may be supplied to the second control line CL2,
the scan signal may be supplied to the scan lines S1 to
Sn, and the voltage of the reference power source Vref
may be applied to the data line Dm. When the second
control signal is supplied to the second control line CL2,
the fifth transistor M5 is turned on. When the fifth tran-
sistor M5 is turned on, the second node and the first elec-
trode of the first transistor M1 are electrically coupled to
each other.

[0047] Also, during the second period T2, the voltage
of the reference power source Vref may be supplied to
the first node N1 and the third transistor M3 may maintain
aturn-on state. As aresult, a predetermined current flows
from the second node N2 to the initialization power
source Vint via the fifth, first, and third transistors M5, M1
and M3.

[0048] When this occurs, the voltage at the second
node N2 may be dropped from the voltage of the first
power source ELVDD to a voltage obtained by adding
the threshold voltage of the first transistor M1 to the volt-
age ofthe reference power source Vref. When the voltage
at the second node N2 is set as the voltage obtained by
adding the threshold voltage of the first transistor M1 to
the voltage of the reference power source Vref, the first
transistor M1 is turned off. Then, a voltage corresponding
to the threshold voltage of the first transistor M1 may be
charged in the first capacitor C1.

[0049] During a third period T3, a scan signal may be
progressively supplied to the scan lines S1 to Sn, and a
data signal may be supplied to the data lines D1 to Dm
synchronized with the scan signal. When the scan signal
is supplied to the n-th scan line Sn, the second and third
transistors M2 and M3 are turned on as shown in FIG.
4C. When the second transistor M2 is turned on, the data
signal from the data line Dm is supplied to the first node
N1.

[0050] Whenthedata signalissuppliedtothefirstnode
N1, the voltage at the first node N1 is changed from the
voltage of the reference power source Vref to the voltage
of the data signal. Then, the voltage at the second node
N2 may also be changed corresponding to the change
in the voltage at the first node N1. Practically, the voltage
at the second node N2 may be changed into a predeter-
mined voltage, corresponding to a ratio of the capaci-
tances of the first and second capacitors C1 and C2.
Then, the threshold voltage of the first transistor M1 and
a voltage corresponding to the data signal are charged
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in the first capacitor C1.

[0051] After the threshold voltage of the first transistor
M1 and the voltage corresponding to the data signal are
charged in the first capacitor C1, the first control signal
is supplied to the first control line CL1 during a fourth
period T4, so that the fourth transistor M4 is turned on.
When the fourth transistor M4 is turned on, the voltage
of the first power source ELVDD is applied to the second
node N2. In this case, the first node N1 is set in a floating
state, and hence the first capacitor C1 stably maintains
the voltage charged in the previous period.

[0052] Subsequently, the second control signal may
be supplied to the second control line CL2 during a fifth
period T5 so that the fifth transistor M5 is turned on. If
the fifth transistor M is turned on, the first electrode of
the first transistor M1 is electrically coupled to the first
power source ELVDD via the first node N1. Then, the
first transistor M1 may control the amount of current sup-
plied to the organic light emitting diode OLED, corre-
sponding to the voltage stored in the first capacitor C1.

[0053] An organic light emitting display may display an
image with a predetermined luminance by repeating the
aforementioned procedure for the pixels in the pixel unit.
In the first embodiment, the threshold voltages of the pix-
els may be simultaneously compensated during the sec-
ond period T2. In this case, the second period T2 may
be sufficiently assigned and, accordingly, the threshold
voltage of the first transistor M1 may be stably compen-
sated even when the organic light emitting display is driv-
en at a high speed of 120Hz or more.

[0054] FIG. 5 illustrates another waveform corre-
sponding to a second embodiment of a method for driving
the pixel in FIG. 2. Referring to FIG. 5, during a first period
T1’, afirst control signal is supplied to the first control line
CL1, a second control signal is supplied to the second
controlline CL2, and a scan signal is supplied to the scan
lines S1 to Sn. The voltage of an off-power source Voff
is applied to the data line Dm during a first portion T1a’
ofthefirstperiod T1’, and the voltage of a reference power
source Vrefis applied to the data line Dm during a second
portion T1b’ of the first period T1'.

[0055] When the first control signal is supplied to the
first control line CL1, the fourth transistor M4 is turned
on so that the first power source ELVDD and the second
node N2 are electrically coupled to each other, as shown
in FIG. 6A. When the second control signal is supplied
to the second control line CL2, the fifth transistor M5 is
turned on so that the first electrode of the first transistor
M1 and the second node N2 is electrically coupled to
each other.

[0056] When the scan signal is supplied to the scan
line Sn, the second and third transistors M2 and M3 are
turned on. When the second transistor M2 is turned on,
the voltage of the off-power source Voff from the data
line Dm is applied to the first node N1. When the voltage
of the off-power source Voff is applied to the first node
N1 duringthe T1a’ portion of period T1’, the first transistor
M1 is turned off. The off-power source Voff may be set
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to a voltage at which the first transistor M1 may be turned
off, which, for example, may be a voltage identical to that
of the first power source ELVDD or another voltage.
[0057] When the first transistor M1 is turned off, un-
necessary current may be prevented from being supplied
to the initialization power source Vint, even through the
fourth and fifth transistors M4 and M5 are turned on. Ac-
cordingly, it may be possible to reduce power consump-
tion and help secure operational reliability.

[0058] When the third transistor M3 is turned on, the
voltage of the initialization power source Vint is applied
to the third node N3. When the voltage of the initialization
power source Vint is applied to the third node N3, the
organic light emitting diode OLED is initialized.

[0059] Subsequently, the voltage of the reference pow-
er source Vref may be applied to the data line Dm during
the second period T1b’ of the first period T1’. When the
voltage of the reference power source Vref is applied to
the data line Dm, the first transistor M1 is set in a turn-
on state as shown in FIG. 6B. In this case, an on-bias
voltage is applied to the first transistor M1 during the sec-
ond portion T1b’ of the first period T1'. Accordingly, it
may be possible to display an image with uniform lumi-
nance.

[0060] Specifically, the voltage characteristic of the
first transistor M1 included in each pixel 142 may be set
unequally, for example, based on a gray scale value of
the previous period. Therefore, an image with a desired
luminance may not be displayed.

[0061] In accordance with one embodiment, the volt-
age characteristic of the first transistor M1 is initialized
by applying the on-bias voltage to the first transistor M1
during the second period T1b’ of period T1’. Accordingly,
it may be possible for a uniform image to be generated.
Also, the current flowing through the first transistor M1
may be supplied to the initialization power source Vint
during the second portion T1b’ of the first period T1'. Ac-
cordingly, the organic light emitting diode OLED may be
maintained in a non-emission state. In this embodiment,
operations of the pixel during the second to fifth periods
T2 to T5 may be similar to those in FIG. 3.

[0062] FIG. 7 illustrates a second embodiment of a pix-
elin FIG. 1. Referring to FIG. 7, the pixel 142 according
to this embodiment includes a pixel circuit 144’ and an
organic light emitting diode OLED.

[0063] The pixel circuit 144’ may include a fifth transis-
tor M5’ coupled between the second electrode and the
third node N3. The fifth transistor M5’ may be turned on
when a second control signal is supplied to the second
control line CL2 so as to allow the first transistor M1 and
the third node N3 to be electrically coupled to each other.
The pixel 142 may therefore have a structure similar to
that of the pixel 142 of FIG. 2, except that the position of
the fifth transistor M5’ is changed. In operation, during a
first period T1’, afirst control signal is supplied to the first
control line CL1, a second control signal is supplied to
the second control line CL2, and a scan signal is supplied
to the scan lines S1 to Sn. The voltage of the off-power
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source Voff may be applied to the data line Dm during a
first portion T1a’ of the first period T1’, and the voltage
of the reference power source Vref may be applied to the
data line Dm during the second portion T1b’ of the first
period T1.

[0064] When the first control signal is supplied to the
first control line CL1, the fourth transistor M4 is turned
on so that the first power source ELVDD is electrically
coupled to the first electrode of the first transistor M1 via
the second node N2 as shown in FIG. 8A. When the
second control signal is supplied to the second control
line CL2, the fifth transistor M5’ is turned on so that the
second node of the first transistor M1 is electrically cou-
pled to the third node N3.

[0065] When the scan signal is supplied to the scan
line Sn, the second and third transistors M2 and M3 are
turned on. When the second transistor M2 is turned on,
the voltage of the off-power source Voff from the data
line Dm is applied to the first node N1. When the voltage
of the off-power source Voff is applied to the first node
N1, the first transistor M1 is turned off. When the third
transistor M3 is turned on, the voltage of the initialization
power source Vintis applied to the third node N3. When
the voltage of the initialization power source Vint is ap-
plied to the third node N3, the organic light emitting diode
OLED is initialized.

[0066] Subsequently,the voltage of the reference pow-
er source Vref is applied to the data line Dm during the
second portion T1b’ of the first period T1’, except the
portion of the first period T1". When the voltage of the
reference power source Vref is applied to the data line
Dm during the second portion T1b’ of period T1’, the first
transistor M1 is set in a turn-on state as shown in FIG.
8B. Then, an on-bias voltage is applied to the first tran-
sistor M1 during the second portion T1b’ of the first period
T1’. Accordingly, it may be possible to display an image
with uniform luminance.

[0067] Duringthe second period T2, the second control
signal may be supplied to the second control line CL2,
the scan signal may be supplied to the scan lines S1 to
Sn, and the voltage of the reference power source Vref
may be applied to the data line Dm. When the second
control signal is supplied to the second control line CL2,
the fifth transistor M5’ is turned on so that the first tran-
sistor M1 and the third node N3 are electrically coupled
to each other as shown in FIG. 8C. In this case, the volt-
age of the reference power source Vref is applied to the
first node N1, and the third transistor M3 maintains a turn-
on state. Hence, a predetermined current flows from the
second node N2 to the initialization power source Vref
via the first, fifth and third transistors M1, M5’ and M3.
Then, the voltage at the second node N2 is dropped from
the voltage of the first power source ELVDD to the voltage
obtained by adding the threshold voltage of the first tran-
sistor M1 to the voltage of the reference power source
Vref. Thus, a voltage corresponding to the threshold volt-
age of the first transistor M1 may be charged in the first
capacitor C1 during the second period T2.



11 EP 2 806 421 A1 12

[0068] During the third period T3, a scan signal may
be progressively supplied to the scan lines S1 to Sn, and
a data signal may be supplied to the data lines D1 to Dm
synchronized with the scan signal. When the scan signal
is supplied to the n-th scan line Sn, the second and third
transistors M2 and M3 are turned on as shown in FIG.
8D. When the second transistor M2 is turned on, the data
signal from the data line Dm is supplied to the first node
N1.

[0069] Whenthedata signalissuppliedtothefirstnode
N1, the voltage at the first node N1 is changed from the
voltage of the reference power source Vref to the voltage
of the data signal. Then, the voltage at the second node
N2 is also changed corresponding to a change in the
voltage at the first node N1. Practically, the voltage at
the second node N2 is changed into a predetermined
voltage, forexample, based on aratio of the capacitances
of the first and second capacitors C1 and C2. Then, the
threshold voltage of the first transistor M1 and a voltage
corresponding to the data signal may be charged in the
first capacitor C 1.

[0070] After the threshold voltage of the first transistor
M1 and the voltage corresponding to the data signal are
charged in the first capacitor C1, the first control signal
may be supplied to the first control line CL1 so that the
fourth transistor M4 is turned on during the fourth period
T4. If the fourth transistor M4 is turned on, the voltage of
the first power source ELVDD is applied to the second
node N2. In this case, the first node N1 may be setin a
floating state and, hence, the first capacitor C1 may stably
maintain the voltage charged in the previous period.
[0071] Subsequently, the second control signal is sup-
plied to the second control line CL2 so that the fifth tran-
sistor M5’ is turned on during the fifth period T5. When
the fifth transistor M5’ is turned on, the first electrode of
the first transistor M1 is electrically coupled to the first
power source ELVDD via the first node N1. Then, the
first transistor M1 controls the amount of current supplied
to the organic light emitting diode OLED, corresponding
to the voltage stored in the first capacitor C1.

[0072] Although it has been illustrated in FIGS. 3 and
5 that a scan signal is progressively supplied to the scan
lines S1 to Sn during the third period T3, the scan signal
may be supplied in a different manner in the third period
T3 in other embodiments. For example, in one embodi-
ment, a scan signal may be simultaneously supplied to
the scan lines S1 to Sn during the third period T3 as
shownin FIG. 9. In this case, the supply of the scan signal
supplied to the scan lines S1 to Sn is progressively
stopped. In a case where the scan signal is simultane-
ously supplied to the scan lines S1 to Sn and the supply
of the scan signal is progressively stopped, the scan driv-
er 110 may be briefly configured with a shift register.
[0073] Meanwhile, a specific pixel 142 positioned on
ani-th (i is a natural number) horizontal line finally charg-
es the voltage of a data signal corresponding to the i-th
horizontal line, regardless of a data signal of the previous
horizontal line. After the specific pixel 142 charges the
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voltage of the data signal corresponding to the i-th hori-
zontal line, the supply of the scan signal to an i-th scan
line Si may be stopped. Accordingly, the specific pixel
142 may stably maintain the voltage of a desired data
signal.

[0074] Additionally, in the aforementioned embodi-
ments, the transistors are shown as PMOS transistors.
In other embodiments, the transistors in the pixel circuit
may be NMOS transistors ora combination of PMOS and
NMOS transistors.

[0075] Also, in accordance with one or more embodi-
ments, an organic light emitting diode OLED may gen-
erate red, green and blue light corresponding to the
amount of current supplied from the driving transistor. A
combination of these OLEDs may correspond to sub-
pixels emitting different color light in a pixel. In other em-
bodiments, the organic light emitting diode OLED may
generate white light corresponding to the amount of the
current supplied from the driving transistor. In this case,
a colorimage is implemented using a separate color filter
or the like.

[0076] By way of summation and review, an organic
light emitting display may include a plurality of pixels ar-
ranged in a matrix form at intersection portions of a plu-
rality of data lines, a plurality of scan lines, and a plurality
of power lines. Furthermore, each pixel may include an
organic light emitting diode, two or more transistors in-
cluding a driving transistor, and one or more capacitors.
Ingeneral, an organic light emitting display has low power
consumption. However, in some cases, the amount of
current flowing through the organic light emitting diode
may depend on a variation in threshold voltage of the
driving transistor in each pixel. This may cause display
inequality. Thus, the characteristic of the driving transis-
tor may change depending on manufacturing process
variables of the driving transistor included in each pixel.
The manufacturing of the organic light emitting display
so that all the transistors have the same characteristic
may not be practical in the current process conditions.
Accordingly, there may occur a variation in threshold volt-
age of the driving transistor.

[0077] In view of this, there has been considered a
method of adding, to each pixel, a compensation circuit,
including a plurality of transistors and a capacitor, that
charges a voltage corresponding to the threshold voltage
of a driving transistor during one horizontal period. Ac-
cordingly, a variation in the threshold voltage of the driv-
ing transistor may be compensated.

[0078] Also, a method has been considered in which
the compensation circuit is driven at a driving frequency
of 120Hz or more in order to prevent a motion blur phe-
nomenon and/or to implement 3D images. However, in
a case where the compensation circuit is driven at a high
frequency of 120Hz or more, the period required to
charge the threshold voltage of the driving transistor is
shortened, which may complicate compensating for the
threshold voltage of the driving transistor. In accordance
with one or more embodiments of the pixel and organic
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light emitting display described herein, the threshold volt-
ages of the driving transistors in the pixels may be simul-
taneously compensated during a specific period in one
frame. Accordingly, the period required to compensate
for the threshold voltage of the driving transistor may be
sufficiently secured, thereby improving display quality.
[0079] Also, in accordance with one or more embodi-
ments, an on-bias voltage may be applied to the driving
transistor. Accordingly, it may be possible to display an
image with uniform luminance, regardless of a gray scale
of the previous period.

[0080] Itis clear for a person skilled in the art that the
disclosed embodiments can also be combined where
possible.

Claims
1. A pixel (142), comprising:

an organic light emitting diode (OLED);

a first transistor (M1) configured to control an
amount of current supplied to the organic light
emitting diode (OLED) from a first power source
(EL VDD), the first power source (EL VDD) cou-
pledto afirstelectrode of the first transistor (M1),
the amount of current supplied to the organic
light emitting diode (OLED) being based on a
voltage applied to a first node (N1);

a second transistor (M2) coupled between the
first node (N1) and a data line (D1 to Dm), the
second transistor (M2) being turned on when a
scan signal is supplied to a scan line (S1 to Sn);
first and second capacitors (C1,C2) coupled in
series between the first node and (N1) the first
power source (EL VDD); and

afourth transistor (M4) coupled between the first
power source and a second node (N2) that is a
common terminal of the first and second capac-
itors (C1, C2), the fourth transistor (M4) being
turned on when a first control signal is supplied
to a first control line (CL1).

2. The pixel (142) as claimed in claim 1, further com-
prising:

a third transistor (M3) coupled between an an-
ode electrode of the organic light emitting diode
(OELD), and an initialization power source
(Vint), the third transistor (M3) being turned on
when the scan signal is supplied to the scan line
(S1to Sn).

3. The pixel as claimed in claim 2, wherein the initiali-
zation power source (Vint) is set to a voltage at which

the organic light emitting diode (OLED) is turned off.

4. The pixel as claimed in one of claims 1 to 3, further
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comprising:

a fifth transistor (M5) coupled between the sec-
ond node (N2) and the first electrode of the first
transistor (M1), the fifth transistor (M5) being
turned on when a second control signal is sup-
plied to a second control line (CL2).

5. The pixel as claimed in claim 4, wherein the fourth
transistor (M4) and the fifth transistor (M5) are pro-
gressively turned on after a data signal is supplied
to the first node (N1), and/or.the fourth transistor
(M4) and the fifth transistor(M5) have turn-on periods
that partially overlap a turn-on period of the second
transistor (M2).

6. The pixel as claimed in one of claims 1 to 3, further
comprising:

afifth transistor (M5’) coupled between a second
electrode of the first transistor (M1) and the or-
ganic light emitting diode (OLED), the fifth tran-
sistor (M5’) being turned on when a second con-
trol signal is supplied to a second control line
(CL2).

7. The pixel as claimed in claim 6, wherein the fourth
transistor (M4) and the fifth transistor (M5’) are pro-
gressively turned on after a data signal is supplied
to the first node (M1), and/or. the fourth transistor
(M4) and the fifth transistor (M5’) have turn-on peri-
ods which partially overlap a turn-on period of the
second transistor (M2).

8. An organic light emitting display, comprising:

pixels (142) positioned in an area defined by
scan lines (S1 to Sn) and data lines (D1 to Dm);
a scandriver (110) configured to simultaneously
supply a scan signal to the scan lines (S1 to Sn)
during first and second periods(T1, T2) in one
frame, and progressively control the supply of
the scansignaltothe scanlines (S1to Sn) during
a third period (T3) in the one frame;

a data driver (130) configured to supply a data
signal to the data lines (D1 to Dm) synchronized
with the scan signal during the third period; and
a control driver (120) configured to supply a first
control signal to a first control line (CL1) com-
monly coupled to the pixels (142), and to supply
a second control signal to a second control line
(CL2) commonly coupled to the pixels (142),
wherein each pixel (142) positioned on ani-th (i
is a natural number) horizontal line includes:

an organic light emitting diode (OLED);
a first transistor (M1) configured to control
an amount of current supplied to the organic
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light emitting diode (OLED) from a first pow-
er source (EL VDD), the first power source
(EL VDD) coupled to a first electrode of the
first transistor (M1), the amount of current
supplied to the organic light emitting diode
(OLED) being based on a voltage applied
to a first node (N1);

a second transistor (M2) coupled between
the first node (N1) and a data line (D1 to
Dm), the second transistor (M2) being
turned on when a scan signal is supplied to
an i-th scan line (Si);

first and second capacitors (C1 and C2)
coupled in series between the first node
(N1) and the first power source (EL VDD);
a third transistor (M3) coupled between an
anode electrode of the organic light emitting
diode (OLED) and an initialization power
source (Vint), the third transistor (M3) being
turned on when the scan signal is supplied
to the i-th scan line (Si); and

a fourth transistor (M4) coupled between
the first power source (EL VDD) and a sec-
ond node (N2) that is a common terminal of
the firstand second capacitors (C1 and C2),
the fourth transistor (M4) being turned on
when the first control signal is supplied to
the first control line (CL1).

The organic light emitting display as claimed in claim
8, further comprising a fifth transistor (M5) coupled
betweenthe second node (N2) and the first electrode
of the first transistor (M1), the fifth transistor (M5)
being turned on when the second control signal is
supplied to the second control line (CL2), or

wherein the control driver (120) supplies the first con-
trol signal and then supplies the second control sig-
nal after a third period (T3) in the one frame.

The organic light emitting display as claimed in claim
8, further comprising a fifth transistor (M5’) coupled
between a second electrode of the first transistor
(M1) and the organic light emitting diode (OLED),
the fifth transistor (M5’) being turned on when the
second control signal is supplied to the second con-
trol line (CL2).

The organic light emitting display as claimed in one
of claims 8 to 10 wherein the initialization power
source (Vint) is set to a voltage at which the organic
light emitting diode (OLED) is turned off, and/or.
the control driver (120) supplies the first control sig-
nal during a first period (T1) and supplies the second
control signal during a second period (T2).

The organic light emitting display as claimed in one
of claims 8 to 11, wherein the data driver (130) ap-
plies the voltage of a reference power source (Vref)
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13.

14.

15.

to the data lines (D1 to Dm) during the first and sec-
ond periods (T1, T2), and/or.

the reference power source (Vref) is set to a voltage
at which the first transistor (M1) is turned on.

The organic light emitting display as claimed in claim
8 or 10, wherein the control driver (120) supplies the
first control signal during the first period (T1’), and
supplies the second control signal during the first
period (T1’) and second period (T2), and/or.

the data driver (130) applies the voltage of an off-
power source (Voff’) to the data lines (D1 to Dm)
during a portion (T1a’) of the first period (T1’), and
applies the voltage of the reference power source
(Vref) to the data lines (D1 to Dm) during the other
(T1b’) of the first period (T1’) and the second period
(T2).

The organic light emitting display as claimed in claim
13, wherein the off-power source (Voff) is set to a
voltage substantially equal to a voltage of the first
power source (EL VDD), and wherein the reference
power source (Vref) is set to a voltage in the voltage
range of the data signal.

The organic light emitting display as claimed in claim
8, wherein the scan driver (130) progressively stops
the supply of the scan signal to the scan lines (S1 to
Sn) during the third period (T3).
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