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(57) ABSTRACT

An organic light emitting display device may include a plu-
rality of pixels in pixel regions defined on a substrate, each of
the pixels being coupled to a current scan line, a data line, a
first power source, a second power source and a third power
source, wherein each of the pixels includes a pixel circuit
having a plurality of transistors and one or more capacitors,
and an organic light emitting diode (OLED) including a first
electrode and coupled to the pixel circuit, the OLED config-
ured to emit light with a luminance corresponding to a driving
current flowing from the first power source to the second
power source via the pixel circuit, wherein the third power
source is configured to supply a constant voltage to the pixel
circuit through a supply line, and wherein the supply line is in
a same layer and of a same material as the first electrode.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0069426, filed on
Jul. 29, 2009, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] An aspect of the present invention generally relates
to an organic light emitting display device.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device is a type of
flat panel display device that uses an organic compound as a
light emitting material. As such, the organic light emitting
display device has been expected to be used for various types
of display devices including a portable display device
because of high luminance and color purity, thin, lightweight
and low power consumption characteristics.

[0006] An organic light emitting display device typically
includes a plurality of pixels each having an organic light
emitting diode as a self-luminescent element. In the case ofan
active matrix organic light emitting display device, a pixel
circuit is further provided with each pixel. The pixel circuit
includes a plurality of transistors for driving the organic light
emitting diode and one or more capacitors.

[0007] Typically, an active matrix organic light emitting
display device is manufactured by forming pixel circuits on a
substrate and then forming an organic light emitting diode on
each of the pixel circuits so that the organic light emitting
diode is connected to the pixel circuit through a via hole.
[0008] As compensation elements are added to the pixel
circuits, for compensating for characteristic variations of the
transistors due to the process variations, the configuration of
the pixel circuits has become complicated.

[0009] As such, it can be difficult to secure sufficient space
for forming capacitors due to limitations of the design space
in a limited pixel region. As a result, image quality can be
unequal or non-uniform. Further, because it is difficult to
secure sufficient spacing between wires, yield is lowered.

SUMMARY

[0010] Accordingly, in several embodiments, there is pro-
vided an organic light emitting display device capable of
displaying uniform images and improving a yield by simpli-
fying the design of a pixel circuit through effective arrange-
ment of wires and other circuit components.

[0011] According to an aspect of the present invention,
there is provided an organic light emitting display device
including a plurality of pixels in pixel regions defined on a
substrate, each of the pixels being coupled to at least a current
scan line, a data line, a first power source, a second power
source and a third power source, wherein each of the pixels
includes a pixel circuit having a plurality of transistors and
one or more capacitors, and an organic light emitting diode
including a first electrode and coupled to the pixel circuit, the
organic light emitting diode configured to emit light with a
luminance corresponding to a driving current flowing from
the first power source to the second power source via the pixel
circuit, wherein the third power source is configured to supply
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a constant voltage to the pixel circuit through a supply line of
the third power source, and wherein the supply line is formed
in a same layer and of a same material as the first electrode.
[0012] Here, the third power source may be a power source
that does not form a current path to the organic light emitting
diode. The third power source may be configured to supply a
constant voltage to the pixel circuit during the period before a
current scan signal is supplied from the current scan line.
[0013] The supply line of the third power source may be
formed of the same material as that of an anode electrode of
the organic light emitting diode in the same layer.

[0014] A supply line of the first power source may be
formed in a different layer from that in which the supply line
of the third power source is formed. Here, the supply line of
the first power source may be formed of the same material and
in the same layer as that of one electrode of the transistor.
[0015] The first power source may be configured as a high-
potential pixel power source, and the second power source
may be configured as a low-potential pixel power source. The
third power source may be set to a different voltage than the
first power source and the second power source.

[0016] The pixel circuit may include a plurality of transis-
tors formed on the substrate, and one or more capacitors
formed using a same material as an electrode material of the
transistors during the same process of forming the transistors.
The organic light emitting diode may be formed on the pixel
circuit with an insulating layer interposed therebetween, and
the first electrode of the organic light emitting diode may be
coupled to a source or drain electrode of the transistors
through a via hole in the insulating layer.

[0017] Here, the organic light emitting diode may include
an anode electrode formed on the insulating layer, an organic
emission layer formed on the anode electrode and a cathode
electrode formed on the organic emission layer. The organic
light emitting diode may emit light in the direction of the
cathode electrode.

[0018] The anode electrode of the organic light emitting
diode and the supply line of the third power source may be
formed of a material selected from the group consisting of
ITO/AZITO, ITO/AVTTO, ITO/AINILA/ITO and ITO/
AlNiLa.

[0019] According to one embodiment of the present inven-
tion, a supply line for supplying a third power source is not
configured to form a current path to an organic light emitting
diode unlike the high-potential and low-potential pixel power
sources which may form such a current path. The supply line
may be formed of the same material as that of one electrode of
the organic light emitting diode, (i.e., an anode electrode of an
organic light emitting diode in the same layer). In such case,
wires of the pixels may be effectively arranged.

[0020] Accordingly, in several embodiments, the design of
a pixel circuit positioned below the organic light emitting
diode is simplified, so that an organic light emitting display
device may display uniform images and may improve yield
by sufficiently ensuring space for forming capacitors, spacing
between wires, and other appropriate spacing for circuit com-
ponents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve to
explain aspects of the present invention.
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[0022] FIG. 1 is a block diagram of an organic light emit-
ting display device including a number of pixels according to
one embodiment of the present invention.

[0023] FIG. 2 is a schematic circuit diagram illustrating an
embodiment of one of the pixels illustrated in FIG. 1.
[0024] FIG. 3 is a waveform diagram illustrating a method
for driving the pixel illustrated in FIG. 2 according to one
embodiment of the present invention.

[0025] FIG.41isa cross sectional view illustrating a portion
ofthe pixel illustrated in FIG. 2 according to one embodiment
of the present invention.

[0026] FIG. § is a schematic circuit diagram illustrating
another embodiment of the pixel illustrated in FIG. 1.
[0027] FIG. 6 is a waveform diagram illustrating a method
for driving the pixel illustrated in FIG. 5 according to one
embodiment of the present invention.

[0028] FIG.7isa cross sectional view illustrating a portion
of the pixel illustrated in FIG. 5§ according to one embodiment
of the present invention.

DETAILED DESCRIPTION

[0029] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, simply by way of illustration. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention. Accord-
ingly, the drawings and description are to be regarded as
illustrative in nature and not restrictive. In addition, when an
element is referred to as being “on” another element, it can be
directly on the another element or be indirectly on the another
element with one or more intervening elements interposed
therebetween. Also, when an element is referred to as being
“connected to” another element, it can be directly connected
to the another element or be indirectly connected to the
another element with one or more intervening elements intet-
posed therebetween. Hereinafter, like reference numerals
refer to like elements.

[0030] FIG. 1 is a block diagram of an organic light emit-
ting display device including a number of pixels according to
one embodiment of the present invention.

[0031] Referring to FIG. 1, the organic light emitting dis-
play device includes a display region 130 having a plurality of
pixels 140 coupled to scan lines S1 to Sn, emission control
lines F1 to En and data lines D1 to Dm; a scan driver 110 for
driving the scan lines S1 to Sn and the emission control lines
F1to En; adata driver 120 for driving the data lines D1 to Dm;
and a timing controller 150 for controlling the scan driver 110
and the data driver 120.

[0032] Thedisplay region 130 includes a plurality of pixels
140 formed in regions defined by the scan lines S1 to S, the
emission control lines E1 to En and the data lines D1 to Dm.
The display region 130 receives a first power source ELVDD,
a second power source ELVSS and a third power source
Vref/Vinit. Each of the three power sources may be sources
external to the display region 130.

[0033] More specifically, the plurality of pixels 140 are
formed in pixel regions defined on a substrate, respectively. A
pixel 140 positioned on an i-th row (the “i” is a natural
number) and a j-th column (the “j” is a natural number) is
coupled to at least a current scan line Si, a data line Dj, the first
power source ELVDD, the second power source ELVSS and
the third power source Vref/Vinit. When a current scan signal
is supplied from the current scan line Si, the pixel 140 stores
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a data signal supplied from the data line Dj and emits light
with luminance corresponding to the data signal.

[0034] To this end, each of the pixels 140 includes a pixel
circuit including a plurality of transistors and one or more
capacitors; and an organic light emitting diode coupled to the
pixel circuit to emit light with luminance corresponding to a
driving current flowing from the first power source ELVDD to
the second power source ELVSS via the pixel circuit and the
organic light emitting diode. Here, the first power source
ELVDD is set as a high-potential (i.e., high voltage) pixel
power source, and the second power source ELVSS is set as a
low-potential (i.e., low voltage) pixel power source.

[0035] However, in one embodiment of the present inven-
tion, the pixels 140 may further include compensation ele-
ments for compensating for threshold voltage variations of
the driving transistors and other variations. In this case, the
third power source Vref/Vinit is used. The third power source
Vref/Vinit is configured as a voltage source for supplying a
constant voltage to the pixels 140. The third power source
Vref/Vinit may be configured as a reference power source
Vref having a higher voltage than that of the data signal, an
initialization power source Vinit having a lower voltage than
that of the data signal, or as another suitable power source.
The third power source may be variously changed depending
on the configuration of pixels.

[0036] The third power source Vref/Vinit may be config-
ured to supply the respective pixels 140 before the current
scan signal is supplied from the current scan line Si. For
example, the pixels 140 are further coupled to the previous
scan line Si-1 so that an initializing process using the third
power source Vref/Vinit and/or a threshold-voltage compen-
sating process may be performed when the previous scan
signal is supplied from the previous scan line Si-1 and so that
avoltage corresponding to the data signal may be stored when
the current scan signal is supplied from the current scan line
Si. Although not illustrated in FIG. 1, a zeroth scan line SO
(not shown) may be additionally formed to be coupled to the
pixels 140 positioned on the first row.

[0037] The timing controller 150 generates a data driving
control signal DCS and a scan driving control signal SCS,
corresponding to synchronization signals supplied from
external control circuitry. The data driving control signal
DCS generated from the timing controller 150 is supplied to
the data driver 120, and the scan driving control signal SCS
generated from the timing controller 150 is supplied to the
scandriver 110. The timing controller 150 also supplies a data
signal Data supplied from the external control circuitry to the
data driver 120.

[0038] Thescandriver 110 receives the scan driving control
signal SCS supplied from the timing controller 150. The scan
driver 110 sequentially supplies scan signals to the scan lines
S1to Sn, and sequentially supplies emission control signals to
the emission control lines E1 to En. Here, the emission con-
trol signal may be supplied to overlap with at least two scan
signals, i.e., previous and current scan signals, during at least
some periods. To this end, the width of emission control
signals (i.e., a duration of the emission control signals) may
be set wider than that of scan signals.

[0039] The data driver 120 receives a data driving control
signal DCS supplied from the timing controller 150. The data
driver 120 then generates data signals and supplies the gen-
erated data signals to the data lines D1 to Dm.

[0040] FIG. 2 is a schematic circuit diagram illustrating an
embodiment of a pixel 140 illustrated in FIG. 1. For conve-
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nience of illustration, a pixel positioned on ani-th row (the
is a natural number) and a j-th column (the “j” is a natural
number) is illustrated in FIG. 2.

[0041] Referring to FIG. 2, the pixel 140 includes a pixel
circuit 142 having a plurality of transistors M1 to M5 and
capacitors C1 and C2; and an organic light emitting diode
OLED for receiving a driving current supplied from the pixel
circuit 142. In other embodiments, pixel circuit 142 may
include additional capacitors.

[0042] When a previous scan signal is provided from a
previous scan line Si-1, the pixel circuit 142 may compensate
for the voltage drop of the first power source ELVDD and the
threshold voltage of the first transistor M1 (driving transis-
tor). When a current scan signal is supplied from a current
scan line Si, the pixel circuit 142 stores a voltage correspond-
ing to a data signal and then supplies a driving current corre-
sponding to the data signal to the organic light emitting diode
OLED.

[0043] To this end, the pixel circuit 142 is connected to the
current scan line Si, the previous scan line Si-1, an emission
control line Fi, a data line Dj, the first power source ELVDD,
athird power source Vref and the organic light emitting diode
OLED. The pixel circuit 142 includes first to fifth transistors
M1 to M5, and first and second capacitors C1 and C2.
[0044] The first transistor M1 is coupled between the first
power source ELVDD and the organic light emitting diode
OLED to control a driving current corresponding to a voltage
applied to a gate electrode of the first transistor M1.

[0045] More specifically, a first electrode (i.e., a source
electrode) of the first transistor M1 is coupled to the first
power source ELVDD, and a second electrode (i.e., a drain
electrode) of the first transistor M1 is coupled to the organic
light emitting diode OLED via the fifth transistor M5. The
gate electrode of the first transistor M1 is coupled to a second
node N2. The first transistor M1 controls the driving current
supplied to the organic light emitting diode OLED. The driv-
ing current may correspond to the voltage at the second node
N2, which corresponds to the voltage stored in the first and
second capacitors C1 and C2.

[0046] The second transistor M2 is coupled between the
data line Dj and a first node N1. When the current scan signal
is supplied from the current scan line Si, the second transistor
M2 allows a data signal to be supplied to the pixel 140.
[0047] More specifically, a first electrode of the second
transistor M2 is coupled to the data line Dj, and a second
electrode of the second transistor M2 is coupled to the first
node N1. Here, the first node N1 is a connection node of the
second and fourth transistors M2 and M4 and the first and
second capacitors C1 and C2. A gate electrode of the second
transistor M2 is coupled to the current scan line Si. When the
current scan signal is supplied from the current scan line Si,
the second transistor M2 is turned on to allow a data signal
from the data line Dj to be supplied to the first node N1.
[0048] The third transistor M3 is coupled between the gate
electrode and second electrode (drain electrode) of the first
transistor M1. The third transistor M3 allows the first transis-
tor M1 to be diode-coupled when a voltage is applied to a gate
electrode of the third transistor M3.

[0049] More specifically, a first electrode of the third tran-
sistor M3 is coupled to the second electrode of the first tran-
sistor M1, and a second electrode of the third transistor M3 is
coupled to the second node N2. The gate electrode of the third
transistor M3 is coupled to the previous scan line Si-1. When
the previous scan signal is supplied from the previous scan
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line Si-1, the third transistor M3 is turned on to allow the first
transistor M1 to be diode-coupled.

[0050] The fourth transistor M4 is coupled between the first
node N1 and the third power source Vref. The fourth transis-
tor M4 is turned on by the previous scan signal to allow the
voltage of the third power source Vref to be supplied to the
firstnode N1. Here, the third power source Vref does not form
a current path to the organic light emitting diode unlike the
first power source ELVDD and the second power source
ELVSS. The third power source Vref instead supplies a con-
stant voltage to the pixel circuit 142 during the period before
the current scan signal is supplied from the current scan line
Si (i.e., the period in which the previous scan signal is pro-
vided from the previous scan line Si-1). The third power
source Vref is configured as a reference power source having
avoltage higherthan that of the data signal and lower than that
of the first power source ELVDD.

[0051] More specifically, a first electrode ofthe fourth tran-
sistor M4 is coupled to the third power source Vref, and a
second electrode of the fourth transistor M4 is coupled to the
first node N1. A gate electrode of the fourth transistor M4 is
coupled to the previous scan line Si-1. When the previous
scan signal is supplied from the previous scan line Si-1, the
fourth transistor M4 is turned on to allow the third power
source Vref to be coupled to the first node N1. Then, the
voltage of the third power source Vref is supplied, via the first
node N1, to the first and second capacitors C1 and C2.
[0052] The fifth transistor M5 is coupled between the first
transistor M1 and the organic light emitting diode OLED. The
switching (i.e., turning on/off) of the fifth transistor M5 is
controlled by an emission control signal supplied from the
emission control line Fi.

[0053] More specifically, a first electrode of the fifth tran-
sistor M5 is coupled to the second electrode of the first tran-
sistor M1, and a second electrode of the fifth transistor M5 is
coupled to an anode electrode of the organic light emitting
diode OLED. A gate electrode of the fifth transistor M5 is
coupled to the emission control line Ei. When the voltage
level of the emission control signal supplied from the emis-
sion control line Fi is at a high level, the fifth transistor M5 is
turned off to allow the pixel circuit 142 to be isolated from the
organic light emitting diode OLED. When the voltage of the
emission control signal is changed from the high level to alow
level, the fifth transistor M5 is turned on to allow the driving
current supplied from the first transistor M1 to be supplied to
the organic light emitting diode OLED.

[0054] The first capacitor C1 is coupled between the first
node N1 and the first power source ELVDD. Here, a second
electrode of the first capacitor C1 is coupled to the gate
electrode of the first transistor M1 via the second capacitor
C2. The first capacitor C1 allows a voltage corresponding to
the data signal to be stored therein and maintains the stored
voltage during the period in which the pixel 140 emits light.
[0055] Thesecond capacitor C2is coupled between the first
and second nodes N1 and N2. The second capacitor C2 allows
acompensation voltage to be stored therein and maintains the
stored voltage during the period in which the pixel 140 emits
light. Here, the compensation voltage includes compensation
for both the threshold voltage of the first transistor M1 and the
voltage drop of the first power source ELVDD.

[0056] InFIG. 2, the first power source ELVDD is coupled
to each of the pixels 140 to supply a current (i.e., predeter-
mined current) to the pixel 140. That is, the first power source
ELVDD is a power source for forming a current path to the
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organic light emitting diode. In accordance with the positions
of the pixels 140, a voltage drop/loss may occur in the voltage
of the first power source ELVDD supplied to each of the
pixels 140. However, in the embodiment illustrated in FIG. 2,
the third power source Vref is a power source that does not
supply driving current to the respective pixels 140, i.e., a
power source that does not form a current path to the organic
light emitting diode. As such, the third power source Vref may
maintain the same voltage regardless of the positions of the
pixels 140. Here, the voltage of the third power source Vref
may be set to a voltage level higher than that of the data signal.
The voltage of the third power source Vref may also be set to
avoltage level lower than or identical to that of the first power
source ELVDD.

[0057] The organic light emitting diode OLED is coupled
between the pixel circuit 142 and the second power source
ELVSS to emit light with a luminance corresponding to the
driving current flowing from the first power source ELVDD to
the second power source ELVSS via the pixel circuit 142 and
the organic light emitting diode OLED. The organic light
emitting diode OLED includes an organic emission layer for
emitting light of red, green or blue so as to generate light of
the color corresponding to the driving current.

[0058] FIG. 3 is a waveform diagram illustrating a method
for driving the pixel illustrated in FIG. 2 according to one
embodiment of the present invention.

[0059] Referring to FIG. 3, the pixel 140 receives low-level
previous and current scan signals, sequentially supplied from
the previous and current scan lines (Si-1 and Si). The pixel
140 also receives a high-level emission control signal, sup-
plied from the emission control line Ei. Here, the high-level
emission control signal overlaps with low level portions of the
previous scan signal and the current scan signal.

[0060] After the supply of the previous scan signal is started
(i.e., driven to a low-level), the emission control signal is
changed to a high-level voltage at which the fifth transistor
M5 is turned off. After the supply of the current scan signal is
finished (i.e., driven to a high level), the emission control
signal is changed to a low-level voltage at which the fifth
transistor M5 is turned on.

[0061] Meanwhile, the pixel 140 receives the first power
source ELVDD, the second power source ELVSS and the
third power source Vref, supplied from sources external to the
pixel. The pixel 140 receives a data signal supplied from the
data line Dj.

[0062] The pixel 140 compensates for the variation
between the voltage drop of the first power source ELVDD
and the threshold voltage of the first transistor M1, using the
difference between the first power source ELVDD and the
third power source Vref.

[0063] More specifically, the emission control signal main-
tains a low level during a first period t1 that is a portion of the
period in which the previous scan signal is supplied from the
previous scan line Si-1. Accordingly, the fifth transistor M5
maintains a turned-on state during t1. The third and fourth
transistors M3 and M4 are turned on by a low-level previous
scan signal during the first period t1.

[0064] Ifthe third transistor M3 is turned on during the first
period t1, the gate electrode of the first transistor M1 is
electrically coupled to the organic light emitting diode OLED
via the third transistor M3. Therefore, the voltage at the gate
electrode of the first transistor M1, i.e., the voltage at the
second node N2, is initialized to about the voltage of the
second power source ELVSS. That is, during the first period
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t1, that is a portion of the period in which the previous scan
signalis supplied from the previous scan line Si-1, the voltage
at the second node N2 is initialized.

[0065] Thereafter, if the voltage level of the emission con-
trol signal supplied from the emission control line FEi is
changed to a high level, during a second period 12, the fifth
transistor M5 is turned off except during the first period t1.
Then, a voltage obtained by subtracting the threshold voltage
of the first transistor M1 from the first power source ELVDD
is applied to the gate electrode of the first transistor M1
diode-coupled by the third transistor M3.

[0066] The first node N1 is charged with the voltage of the
third power source Vref by the fourth transistor M4 maintain-
ing a turned-on state during the second period t2. Here, the
voltage of the third power source Vref may be set higher than
that of the data signal and/or set identical to or lower than that
of the first power source ELVDD. For convenience of illus-
tration, it is assumed that the voltage of the third power source
Vref is identical to that of the first power source ELVDD.
Then, a voltage corresponding to the threshold voltage of the
first transistor M1 is stored in the second capacitor C2. If a
voltage drop is generated from the first power source ELVDD,
the threshold voltage of the first transistor M1 and the voltage
drop of the first power source ELVDD are stored in the second
capacitor C2. Accordingly, it is possible to concurrently com-
pensate for the voltage drop of the first power source ELVDD
and the threshold voltage of the first transistor M1.

[0067] Thereafter, if the current scan signal is supplied
from the current scan line Si, the second transistor M2 is
turned on during a third period 3. If the second transistor M2
is turned on, the data signal supplied from the data line Dj is
supplied to the first node N1. Therefore, the voltage at the first
node N1 is dropped from the third power source Vref to the
voltage of the data signal. Then, the voltage at the second
node N2, whichis set as a floating state during the third period
t3, 1s also dropped corresponding to the voltage drop at the
first node N1. That is, the voltage stored in the second capaci-
tor C2 is stably maintained during the third period t3. Mean-
while, the first capacitor C1 is charged with a voltage corre-
sponding to the data signal supplied to the first node N1
during the third period t3.

[0068] Thereafter, if the voltage level of the emission con-
trol signal is changedto alow level at which the fifth transistor
MS5 is turned on after the supply of the current scan signal is
stopped, the fifth transistor M5 is turned on during a fourth
period t4. If the fifth transistor M5 is turned on, the first
transistor M1 supplies a driving current corresponding to the
voltage stored in the first and second capacitors C1 and C2 to
the organic light emitting diode OLED. Therefore, the
organic light emitting diode OLED emits light with lumi-
nance corresponding to the driving current.

[0069] Accordingly, the pixel 140 emits light with a desired
luminance corresponding to the data signal, regardless of the
threshold voltage of the driving transistor (first transistor M1)
and the voltage drop of the first power source ELVDD.
[0070] FIG. 4is a cross sectional view illustrating a portion
of the pixel illustrated in FIG. 2 according to one embodiment
of the present invention. For convenience of illustration, only
one transistor (i.e., the fifth transistor) and one capacitor (i.e.,
the first capacitor) are illustrated in F1G. 4. The transistor and
the capacitor are referred to using general terms, i.e., a thin
film transistor and a capacitor, respectively.

[0071] That is, although not illustrated in F1G. 4, a pixel
circuit formed in each of the pixel regions may include a
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plurality of transistors formed on a substrate, and one or more
capacitors formed in the same process of forming the plural-
ity of transistors.

[0072] Referring to FIG. 4, a pixel circuit 242, including a
thin film transistor 220 and a capacitor 230, is formed on a
substrate 200. In several embodiments, pixel circuit 242 is
representative of one or more components of pixel circuit 142
of FIG. 2. An organic light emitting diode 270 connected to
the thin film transistor 220 is formed on the pixel circuit 242.
[0073] More specifically, the thin film transistor 220
includes a semiconductor layer 221 formed at an upper por-
tion of abufferlayer 210 on the substrate 200; a gate electrode
223 formed on the semiconductor layer 221 with a gate insu-
lating layer 240 interposed therebetween; and source and
drain electrodes 225 formed at upper portions of an interlayer
insulating layer 250 on the gate electrode 223. The source and
drain electrodes 225 are connected to source and drain
regions of the semiconductor layer 221 through contact holes,
respectively.

[0074] The capacitor 230 includes a first electrode 231
formed on the gate insulating layer 240, and a second elec-
trode 233 formed opposite to the first electrode 231 on the
interlayer insulating layer 250 interposed therebetween.
[0075] Here, the first electrode 231 of the capacitor 230
may be formed of the same material as that of the gate elec-
trode 223 in the same layer during the process of forming the
gate electrode 223 of the thin film transistor 220. The second
electrode 233 of the capacitor 230 may be formed of the same
material as that of the source and drain electrodes 225 in the
same layer during the process of forming the source and drain
electrodes 225 of the thin film transistor 220.

[0076] Although one embodiment of the capacitor 230 is
illustrated in FIG. 4, the configuration of the capacitor 230 is
not limited thereto. For example, the capacitor 230 may fur-
ther include another semiconductor layer formed of the same
material as that of the semiconductor layer 221 in the same
layer during the process of forming the semiconductor layer
221 of the thin film transistor 220.

[0077] A planarization film 260 having an insulating prop-
erty is formed on the thin film transistor 220 and the capacitor
230, and an organic light emitting diode 270 is formed on the
planarization film 260.

[0078] The organic light emitting diode 270 includes an
anode electrode 271 formed on the planarization layer 260
and connected to the source or drain electrode 225 of the thin
film transistor 220 through a via hole passing through the
planarization layer 260. The organic light emitting diode 270
further includes an organic emission layer 273 formed on the
anode electrode 271, and a cathode electrode 275 formed on
the organic emission layer 273. Reference numeral 280 des-
ignates a pixel defining layer.

[0079] Inone embodiment of the present invention, a first
power source supply line ELVDDL for supplying the first
power source ELVDD may be formed using an electrode
material of the thin film transistor 220 during the process of
forming the pixel circuit 242. That is, the first power source
supply line ELVDDL may be formed of the same material as
that of one electrode of the thin film transistor 220 on the same
layer.

[0080] Particularly, when the first power source supply line
ELVDDL is coupled to the source electrode of the first tran-
sistor M1 and one electrode of the first capacitor C1 as illus-
trated in F1G. 2, the first power source supply line ELVDDL
may be patterned to be coupled to the source electrode of the
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first transistor M1 and the one electrode of the first capacitor
C1 during the process of forming the source and drain elec-
trodes 225 of the thin film transistor 220. That is, the first
power source supply line ELVDDL may be connected to the
source electrode of the first transistor M1 and the one elec-
trode of the first capacitor C1 in a region (not shown).
[0081] Meanwhile, the first to fifth transistors M1 to M5 in
FIG. 2 may be simultaneously formed. In the embodiment
illustrated in F1G. 4, sections of the first to fifth transistors M1
to M5 are exemplified by a section of the thin film transistor
220 for convenience of illustration.

[0082] A third power source supply line Vrefl. for supply-
ing a third power source Vref may be formed using an elec-
trode material of the organic light emitting diode 270 during
the process of forming the organic light emitting diode 270.
That is, the third power source supply line Vrefl. may be
formed of the same material and in the same layer as that of
one electrode of the organic light emitting diode 270. Particu-
larly, the third power source supply line Vrefl may be formed
of the same material and in the same layer as that of the anode
electrode 271.

[0083] In one embodiment, the third power source supply
line VrefL. is connected to the fourth transistor M4 illustrated
in FIG. 2 through another via hole (not shown) passing
through the planarization layer 260.

[0084] During the process of forming a via hole for con-
necting the third power source supply line VrefL to the fourth
transistor M4, even if the pixels become non-uniform due to
the high contact resistance through the via hole, current does
not flow into the third power source supply line VrefL. Con-
sequently, the luminance of the pixels is not affected.

[0085] That is, in one embodiment of the present invention,
the third power source supply line Vrefl having no current
path formed to the organic light emitting diode is disposed in
on upper layer of the pixel, i.e., the layer having the anode
electrode 271 of the organic light emitting diode 270 formed
therein, so as to be connected to the pixel circuit 242 through
a via hole or the like.

[0086] As described above, the formation position of the
third power source supply line Vrefl. may be changed from
the layer in which the pixel circuit 242 is formed to the upper
layer in which the organic light emitting diode 270 is formed,
thereby simplifying the design of the pixel circuit 142.
Accordingly, the organic light emitting display device may
display uniform images and improve yield by ensuring a
space for forming the capacitor 230 and/or spacing between
wires.

[0087] Further, the first power source supply line ELVDDL
and the like are disposed in the pixel circuit 242, so that vias
are not needed and contact resistance distribution may be
minimized. For example, the second power source ELVSS
(not shown) may be connected to the cathode electrode 275
by a second power source supply line (not shown) connected
to the cathode electrode 275 formed at a region outside of the
display region in the display region structure in which the
cathode electrode 275 is entirely formed in a plate shaped
region of the display region.

[0088] Meanwhile, when the organic light emitting diode
270 is a front-emission-type organic light emitting diode for
emitting light in a direction of the cathode electrode 275, the
anode electrode 271 may be formed of any material selected
from the group consisting of ITO/Ag/TTO, ITO/AVITO, ITO/
AINiLa/ITO and ITO/AINiLa. Therefore, the third power
source supply line Vrefl, may also be formed of any material
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selected from the group consisting of ITO/Ag/ITO, ITO/AY
ITO, ITO/AINILa/ITO and ITO/AINiLa. That is, the material
for forming the anode electrode 271 may also be used for an
internal wire of the third power source supply line Vref.

[0089] Insome embodiments, it has been described that the
third power source supply line Vrefl is formed of the same
material and in the same layer as that of the anode electrode
271. However, the present invention is not limited thereto. For
example, the third power source supply line Vrefl. may be
connected to the pixel circuit 242 through a via hole or the like
by positioning another wire having a current path formed
thereon, i.e., a scan, data or emission control line, in an upper
layer of the pixel circuit 242, i.e., the layer in which the anode
electrode 271 of the organic light emitting diode 270 and the
like are formed.

[0090] For convenience of illustration, it has been shown in
FIG. 4 that the organic light emitting diode 270 is disposed to
overlap with the capacitor 230 formed below the organic light
emitting diode 270. However, in the case of a back emission
type, the organic light emitting diode 270 may be disposed not
to overlap with the pixel circuit 242. In the case of a front
emission type, the organic light emitting diode 270 may also
be disposed not to overlap with the pixel circuit 242, depend-
ing on their design.

[0091] FIG. 5 is a circuit diagram illustrating another
embodiment of the pixel illustrated in FIG. 1. For conve-
nience of illustration, a pixel positioned on ani-th row (the “1”
is a natural number) and a j-th column (the “j” is a natural
number) is illustrated in FIG. 5.

[0092] Referring to FIG. 5, the pixel 140" of this embodi-
ment includes a pixel circuit 142" having a plurality of tran-
sistors T1 to T6 and a storage capacitor Cst, and an organic
light emitting diode OLED for receiving driving current sup-
plied from the pixel circuit 142"

[0093] When a previous scan signal is supplied from a
previous scan line Si-1, the pixel circuit 142' initializes a
voltage stored in the storage capacitor Cst. When a current
scan signal is supplied from a current scan line Si, the pixel
circuit 142' stores a data signal voltage and a voltage corre-
sponding to the threshold voltage of the first transistor T1 in
the storage capacitor Cst. Then, the pixel circuit 142' supplies
a driving current, corresponding to the data signal, to the
organic light emitting diode OLED. In such case, the driving
current is unaffected by the threshold voltage of the first
transistor T1.

[0094] In FIG. 5, the pixel circuit 142' is connected to the
current scan line Si, the previous scan line Si-1, an emission
control line Fi, a data line D)j, a first power source ELVDD, a
third power source Vinit and the organic light emitting diode
OLED. The pixel circuit 142" further includes first to sixth
transistors T1 to T6 and a storage capacitor Cst.

[0095] The first transistor T1 is coupled between the first
power source ELVDD and the organic light emitting diode
OLED to control a driving current corresponding to a voltage
applied to a gate electrode of the first transistor T1.

[0096] More specifically, a first electrode (i.e., a source
electrode) of the first transistor T1 is coupled to the first power
source ELVDD via the sixth transistor T6, and a second
electrode (i.e., a drain electrode) of the first transistor T1 is
coupled to the organic light emitting diode OLED via the fifth
transistor T5. A gate electrode of the first transistor T1 is
coupled to a first node N1. The first transistor T1 controls the
driving current supplied to the organic light emitting diode
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OLED. The driving current may correspond to a voltage at the
first node N1, i.e., the voltage stored in the storage capacitor
Cst.

[0097] The second transistor T2 is coupled between the
data line Dj and the storage capacitor Cst. When the current
scan signal is supplied from the current scan line Si, the
second transistor is turned on to allow a data signal to be
supplied to the pixel circuit 142"

[0098] More specifically, a first electrode of the second
transistor T2 is coupled to the data line Dj, and a second
electrode of the second transistor T2 is coupled to the storage
capacitor Cst via the first and third transistors T1 and T3. A
gate electrode of the second transistor T2 is coupled to the
current scan line Si. When the current scan signal is supplied
from the current scan line Si, the second transistor T2 is
turned on to allow the data signal supplied from the data line
Dj to be supplied to the storage capacitor Cst via the first and
third transistors T1 and T3.

[0099] The third transistor T3 is coupled between the gate
electrode and second electrode (drain electrode) of the first
transistor T1. The third transistor T3 allows the first transistor
T1 to be diode-coupled corresponding to a voltage applied to
a gate electrode of the third transistor T3.

[0100] More specifically, a first electrode of the third tran-
sistor T3 is coupled to the second electrode of the first tran-
sistor T1, and a second electrode of the third transistor T3 is
coupled to the gate electrode of the first transistor T1. The
gate electrode of the third transistor T3 is coupled to the
current scan line Si. When the current scan signal is supplied
from the current scan line Si, the third transistor T3 is turned
on to allow the first transistor T1 to be diode-connected.

[0101] The fourth transistor T4 is coupled between the
storage capacitor Cst and the third power source Vinit. The
fourth transistor T4 is turned on by the previous scan signal to
allow the voltage of the third power source Vinit to be sup-
plied to the storage capacitor Cst.

[0102] Here, the third power source Vinit does not form a
current path to the organic light emitting diode as do the first
power source ELVDD and the second power source ELVSS.
The third power source Vinit is a power source for supplying
a constant voltage to the pixel circuit 142" during the period
before the current scan signal is supplied from the current
scan line Si (i.e., the period in which the previous scan signal
is provided from the previous scan line Si-1). The third power
source Vinit is set as an initialization power source having a
lower voltage of that of the data signal, i.e., a lower voltage
than the minimum voltage of the data signal.

[0103] That is, when the fourth transistor T4 is turned on,
the voltage at the first node N1 is initialized as a lower voltage
than the voltage of the data signal, so that the data signal is
actively supplied to the first node while the first transistor T1
is diode-coupled in the forward direction during a subsequent
period in which the data signal is written.

[0104] More specifically, a first electrode ofthe fourth tran-
sistor T4 is coupled to the first node N1, which is coupled to
the storage capacitor Cst and the gate electrode of the first
transistor T1, and a second electrode of the fourth transistor
T4 is coupled to the third power source Vinit. A gate electrode
of the fourth transistor T4 is coupled to the previous scan line
Si-1. When the previous scan signal is supplied from the
previous scan line Si-1, the fourth transistor T4 is turned on to
connect the third power source Vinit to the first node N1.



US 2011/0025659 A1l

Then, the voltage of the third power source Vinit is applied to
the first node N1, and the voltage at the first node N1 is
initialized.

[0105] The fifth transistor T5 is coupled between the first
transistor T1 and the organic light emitting diode OLED. The
switching of the fifth transistor T5 is controlled by an emis-
sion control signal supplied from the emission control line Ei.
[0106] More specifically, a first electrode of the fifth tran-
sistor T5 is coupled to the second electrode of the first tran-
sistor T1, and a second electrode of the fifth transistor T5 is
coupled to an anode electrode of the organic light emitting
diode OLED. A gate electrode of the fifth transistor T5 is
coupled to the emission control line Ei. When the voltage
level of the emission control signal supplied from the emis-
sion control line Ei is a high level, the fifth transistor T35 is
turned off to allow the pixel circuit 142' to be isolated from the
organic light emitting diode OLED. When the voltage level of
the emission control signal is changed from the high level to
a low level, the fifth transistor T5 is turned on to allow the
driving current supplied from the first transistor T1 to be
supplied to the organic light emitting diode OLED.

[0107] The sixth transistor T6 is coupled between the first
power source ELVDD and the first transistor T1. The switch-
ing of the sixth transistor T6 is also controlled by the emission
control signal supplied from the emission control line Fi.
[0108] More specifically, a first electrode of the sixth tran-
sistor T6 is coupled to the first power source ELVDD, and a
second electrode of the sixth transistor T6 is coupled to the
source electrode of the first transistor T1. A gate electrode of
the sixth transistor T6 is coupled to the emission control line
Ei. When the voltage level of the emission control signal
supplied from the emission control line Fi is a high level, the
sixth transistor T6 is turned off to allow the first transistor T1
to be isolated from the first power source ELVDD. When the
voltage level of the emission control signal is changed from
the highleveltoa low level, the sixth transistor T6 is turned on
to connect the first transistor T1 to the first power source
ELVDD.

[0109] The storage capacitor Cst is coupled between the
gate electrode of the first transistor T1 and the first power
source ELVDD. The storage capacitor Cst is initialized by the
third power source Vinit during the period in which the pre-
vious scan signal is supplied. The storage capacitor Cst is
charged with a data signal and a voltage corresponding to the
threshold voltage of the first transistor T1 during the period in
which the current scan signal is supplied, and then maintains
the stored voltage during the period in which the pixel 140
emits light.

[0110] The organic light emitting diode OLED is coupled
between the pixel circuit 142" and the second power source
ELVSS to emit light with luminance corresponding to the
driving current flowing from the first power source ELVDD to
the second power source ELVSS via the pixel circuit 142" and
the organic light emitting diode OLED. The organic light
emitting diode OLED includes an organic emission layer for
emitting light of red, green or blue so as to generate light of
the color corresponding to the driving current.

[0111] FIG. 6 is a waveform diagram illustrating a method
for driving the pixel illustrated in FIG. 5 according to one
embodiment of the present invention.

[0112] Referring to FIG. 6, the pixel 140" receives low-level
previous and current scan signals, sequentially supplied from
the previous and current scan lines (Si-1 and Si), and receives
a high-level emission control signal, supplied from the emis-
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sion control line Ei. Here, the high-level emission control
signal overlaps with the previous scan signal and the current
scan signal.

[0113] In this case, the emission control signal maintains a
high-level voltage at which the fifth and sixth transistors T5
and T6 are turned off during the periods when the previous
and current scan signals are supplied. After the supply of the
current scan signal is finished, the emission control signal is
changed to a low-level voltage at which the fifth and sixth
transistors T3 and T6 are turned on.

[0114] Meanwhile, the pixel 140' receives the first power
source ELVDD, the second power source ELVSS and the
third power source Vinit. The pixel 140" also receives a data
signal from the data line Dj.

[0115] The operation of the pixel 140" will be described in
detail. First, the fourth transistor T4 is turned on during a first
period t1' where a low-level previous scan signal is supplied
from the previous scan line Si-1. Then, the voltage of the third
power source Vinit is supplied to the first node N1, and the
voltage at the first node N1 is initialized. Accordingly, the
voltage stored in the storage capacitor Cst is also initialized.
That is, the first period t1' is set as a period in which the
voltage at the first node N1 is initialized.

[0116] Thereafter, the second and third transistors T2 and
T3 are turned on during a second period t2' when a low-level
current scan signal is supplied from the current scan line Si. If
the second and third transistors T2 and T3 are turned on, the
data signal supplied from the data line Dj is supplied to the
first node N1 via the second transistor T2, the first transistor
T1 and the third transistor T3. Since the first transistor T1 is
diode-coupled by the third transistor T3, a voltage corre-
sponding to the data signal and the threshold voltage of the
first transistor T1 is supplied to the first node N1. At this time,
the voltage corresponding to the data signal and the threshold
voltage of the first transistor T1 is stored in the storage capaci-
tor Cst.

[0117] Thereafter, the fifth and sixth transistors T5 and T6
are turned on during a third period t3' where the voltage level
of the emission control signal supplied from the emission
control line Fi is changed to a low level.

[0118] Then, a driving current corresponding to the voltage
stored in the storage capacitor Cst is supplied to the organic
light emitting diode OLED by the first transistor T1.

[0119] As the threshold voltage of the first transistor T1 is
offset, driving current corresponding to the data signal is
supplied to the organic light emitting diode OLED, and is
unaffected by the threshold voltage of the first transistor T1.
Accordingly, the organic light emitting diode OLED emits
light with uniform luminance corresponding to the data sig-
nal, regardless of the threshold voltage of the first transistor
T1.

[0120] FIG. 7isa cross sectional view illustrating a portion
ofthe pixel illustrated in FIG. 5 according to one embodiment
of the present invention.

[0121] Referring to FIG. 7, a third power source supply line
VinitL is formed in a different layer from that of a first power
source supply line ELVDDL. Particularly, the third power
source supply line VinitL is formed of the same material and
in the same layer as that of the anode electrode 271 of the
organic light emitting diode OLED.

[0122] Here, the third power source supply line VinitL is a
wire on which a current path to the organic light emitting
diode is not formed. The third power source supply line
VinitL is a wire for supplying the voltage of the initialization
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power source Vinit to the pixel circuit 242" during the period
in which the previous scan signal is supplied. In several
embodiments, pixel circuit 242" is representative of one or
more components of the pixel circuit 142' of FIG. 5.

[0123] In FIG. 7, a thin film transistor 220 is illustrated
representing the fifth transistor T5 of FIG. 5, and a capacitor
230 is illustrated representing the storage capacitor Cst of
FIG. 5. Since F1G. 7 is substantially identical to F1G. 4, except
that the third power source supply line VinitL, supplies an
initialization power source Vinit instead of a reference power
source Vref, its detailed description is omitted.

[0124] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. An organic light emitting display device comprising:

aplurality of pixels in pixel regions defined on a substrate,

each of the pixels being coupled to a current scan line, a

data line, a first power source, a second power source and

a third power source,

wherein each of the pixels comprises:

apixel circuit having a plurality of transistors and one or
more capacitors; and

an organic light emitting diode comprising a first elec-
trode and coupled to the pixel circuit, the organic light
emitting diode configured to emit light with a lumi-
nance corresponding to a driving current flowing from
the first power source to the second power source via
the pixel circuit,

wherein the third power source is configured to supply a
constant voltage to the pixel circuit through a supply
line, and

wherein the supply line is in a same layer and of a same
material as the first electrode.

2. The organic light emitting display device according to
claim 1:

wherein the third power source and the pixel circuit are

configured not to provide a current path to the organic
light emitting diode, and

wherein the constant voltage is supplied to the pixel circuit

before a current scan signal is supplied from the current
scan line.

3. The organic light emitting display device according to
claim 1, wherein the first electrode of the organic light emit-
ting diode is an anode electrode.

4. The organic light emitting display device according to
claim 1, wherein a supply line of the first power source is in a
different layer from the layer in which the supply line of the
third power source is located.

5. The organic light emitting display device according to
claim 1, wherein a supply line of the first power source is of a
same material and in a same layer as an electrode of one
transistor of the plurality of transistors.

6. The organic light emitting display device according to
claim 5, wherein the supply line of the first power source is of
the same material and in a same layer as a source electrode
and a drain electrode of the one transistor of the plurality of
transistors.
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7. The organic light emitting display device according to
claim 1, wherein the first power source is configured to pro-
vide a voltage that is higher than a voltage provided by the
second power source.

8. The organic light emitting display device according to
claim 7, wherein the third power source is configured to
provide a different voltage than the first power source and the
second power source.

9. The organic light emitting display device according to
claim 1, wherein:

the pixel circuit comprises a plurality of transistors on the
substrate, and one or more capacitors formed using a
same material as an electrode of one of the transistors
during a same process of forming the transistors; and

the organic light emitting diode is on the pixel circuit with
an insulating layer interposed therebetween, and the first
electrode of the organic light emitting diode is coupled
to a source electrode or a drain electrode of one of the
transistors through a via hole in the insulating layer.

10. The organic light emitting display device according to
claim 9, wherein the organic light emitting diode comprises:

an anode electrode on the insulating layer,

an organic emission layer on the anode electrode, and

a cathode electrode on the organic emission layer, wherein
the organic light emitting diode is configured to emit
light in a direction of the cathode electrode.

11. The organic light emitting display device according to
claim 10, wherein the anode electrode of the organic light
emitting diode and the supply line of the third power source
are formed of a material selected from the group consisting of
ITO/AZITO, ITO/AVITO, ITO/AINIL&/ITO and ITO/
AlNiLa.

12. The organic light emitting display device according to
claim 1, wherein the pixel circuit comprises:

a first transistor coupled between the first power source and
the organic light emitting diode, the first transistor con-
figured to control the driving current corresponding to a
voltage applied to a gate electrode of the first transistor;

a first capacitor coupled between the gate electrode of the
first transistor and the first power source;

a second transistor coupled between the data line and the
first capacitor, wherein the second transistor is config-
ured to turn on to provide a data signal from the data line
to the pixel circuit when a current scan signal is supplied
from the current scan line;

a third transistor coupled between the gate electrode and a
drain electrode of the first transistor, the third transistor
configured to turn on so that the first transistor is diode-
coupled when a voltage is applied to a gate electrode of
the third transistor;

a fourth transistor coupled between the first capacitor and
the third power source, the fourth transistor configured
to turn on so that the voltage of the third power source is
supplied to the first capacitor when a previous scan
signal is supplied from a previous scan line before the
current scan signal is supplied; and

a fifth transistor coupled between the first transistor and the
organic light emitting diode, the fifth transistor config-
ured to turn on when an emission control signal is sup-
plied from an emission control line.

13. The organic light emitting display device according to

claim 12, wherein the voltage of the third power source is set
to a higher voltage than that of the data signal.
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14. The organic light emitting display device according to
claim 13, wherein the pixel circuit further comprises a second
capacitor coupled between the gate electrode of the first tran-
sistor and an electrode of the first capacitor.

15. The organic light emitting display device according to
claim 14, wherein the emission control signal is changed to a
voltage level at which the fifth transistor is turned off after the
previous scan signal is started, and is changed to a voltage
level at which the fifth transistor is turned on after the current
scan signal is finished.

16. The organic light emitting display device according to
claim 12, wherein the voltage of the third power source is
lower than that of the data signal.
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17. The organic light emitting display device according to
claim 16, wherein the pixel circuit further comprises a sixth
transistor coupled between the first power source and the first
transistor, wherein the sixth transistor is controlled by the
emission control signal.

18. The organic light emitting display device according to
claim 17, wherein the emission control signal is changed to a
first voltage at which the fifth and sixth transistors are turned
off during a period in which the previous and current scan
signals are supplied, and is changed to a second voltage at
which the fifth and sixth transistors are turned on after the
current scan signal is supplied.
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