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PIXEL CIRCUIT OF AN ORGANIC LIGHT
EMITTING DISPLAY DEVICE AND
ORGANIC LIGHT EMITTING DISPLAY
DEVICE INCLUDING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0004759 filed on
Jan. 16, 2013, the disclosure of which is hereby incorporated
by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments of the present invention
relate to pixel circuits of organic light emitting display
devices, and organic light emitting display devices including
the pixel circuits.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device includes a
scan driving unit that provides a scan signal, a data driving
unit that provides a datasignal, and a plurality of pixel circuits
that are driven based on the scan signal and the data signal.
[0006] The scan driving unit may sequentially provide the
scan signal by selecting the plurality of pixel circuits on a line
basis using a shift register. The data driving unit may provide
the data signal to the plurality of pixel circuits that are
selected on a line basis. Each pixel circuit may provide a
predetermined driving current corresponding to the data sig-
nal to an organic light emitting diode to display an image
corresponding to the data signal.

[0007] In general, the scan driving unit may perform a
unidirectional scan that sequentially applies the scan signal
from the topmost scan line to the bottommost scan line on a
line basis, however, a bidirectional scan technique that selec-
tively performs a first unidirectional scan from top to bottom
or a second unidirectional scan from bottom to top may also
be used.

[0008] To perform the bidirectional scan, the scan driving
unit may include a shift register for sequentially providing the
scan signal from the bottommost scan line to the topmost scan
line as well as a shift register for sequentially providing the
scan signal from the topmost scan line to the bottommost scan
line. Accordingly, because at least two shift registers are used
to perform the bidirectional scan, the size of the scan driving
unit may be increased, and a bezel of the organic light emit-
ting display device may be increased.

SUMMARY

[0009] Aspects of the present invention provide a pixel
circuit of an organic light emitting display device capable of
being driven by a first unidirectional scan from top to bottom,
a second unidirectional scan from bottom to top, and/or a
bidirectional scan.

[0010] Aspects of the present invention provide an organic
light emitting display device that drives pixel circuits by
performing a first unidirectional scan from top to bottom, a
second unidirectional scan from bottom to top, and/or a bidi-
rectional scan.

[0011] According to one aspect of the present invention,
there is provided a pixel circuit of an organic light emitting
device including: a storage capacitor; a first switching unit
configured to initialize the storage capacitor in response to a
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first scan signal received from a first scan line; a second
switching unit configured to receive a second scan signal
from a second scan line disposed in a first direction from the
first scan line, to receive a third scan signal from a third scan
line disposed in a second direction opposite to the first direc-
tion from the first scan line, and configured to be turned on in
response to one of the second scan signal and the third scan
signal that is activated after the first scan signal is activated to
store a data signal in the storage capacitor; a driving transistor
configured to provide a driving current according to the data
signal stored in the storage capacitor; and an organic light
emitting diode configured to emit light in response to the
driving current.

[0012] When the first scan signal, the second scan signal,
and the third scan signal are sequentially activated in order of
the second scan signal applied through the second scan line,
the first scan signal applied through the first scan line dis-
posed in the second direction from the second scan line, and
the third scan signal applied through the third scan line dis-
posed in the second direction from the first scan line, the
second switching unit may be configured to turn on in
response to the third scan signal to store the data signal in the
storage capacitor.

[0013] When the first scan signal, the second scan signal,
and the third scan signal are sequentially activated in order of
the third scan signal applied through the third scan line, the
first scan signal applied through the first scan line disposed in
the first direction from the third scan line, and the second scan
signal applied through the second scan line disposed in the
first direction from the first scan line, the second switching
unit may be configured to turn on in response to the second
scan signal to store the data signal in the storage capacitor.
[0014] The first switching unit may include: a first transis-
tor configured to apply an initialization voltage to the storage
capacitor in response to the first scan signal.

[0015] The first switching unit may include: a plurality of
first transistors connected in series, the plurality of first tran-
sistors configured to apply an initialization voltage to the
storage capacitor in response to the first scan signal.

[0016] The second switching unit may include: a second
transistor configured to couple a data line through which the
data signal is received to a first terminal of the driving tran-
sistor in response to the second scan signal; and a third tran-
sistor configured to couple the data line to the first terminal of
the driving transistor in response to the third scan signal.
[0017] The second switching unit may include: a plurality
of second transistors connected in series, the plurality of
second transistors configured to couple a data line through
which the data signal is received to a first terminal of the
driving transistor in response to the second scan signal; and a
plurality of third transistors connected in series, the plurality
of third transistors configured to couple the data line to the
first terminal of the driving transistor in response to the third
scan signal. Here, each of the plurality of second transistors
may be connected in parallel with a corresponding one of the
plurality of third transistors.

[0018] Thepixel circuit may further include: a third switch-
ing unit configured to couple a second terminal of the driving
transistor to the storage capacitor. Here, when the second
switching unit is turned on, the second switching unit may be
configured to transfer the data signal to a first terminal of the
driving transistor, the driving transistor may be configured to
transfer the data signal from the first terminal thereof to the
second terminal thereof, and the third switching unit may be
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configured to transfer the data signal from the second termi-
nal of the driving transistor to the storage capacitor.

[0019] The third switching unit may include: a fourth tran-
sistor configured to couple the second terminal of the driving
transistor to the storage capacitor in response to the second
scan signal; and a fifth transistor configured to couple the
second terminal of the driving transistor to the storage capaci-
tor in response to the third scan signal.

[0020] The third switching unit may include: a plurality of
fourth transistors connected in series, the plurality of fourth
transistors configured to couple the second terminal of the
driving transistor to the storage capacitor in response to the
second scan signal; and a plurality of fifth transistors con-
nected in series, the plurality of fifth transistors configured to
couple the second terminal of the driving transistor to the
storage capacitor in response to the third scan signal. Here,
each of the plurality of fourth transistors may be connected in
parallel with a corresponding one of the plurality of fifth
transistors.

[0021] The third switching unit may include: a diode-con-
nected transistor coupled between the second terminal of the
driving transistor and the storage capacitor.

[0022] The pixel circuit may further include: a first emis-
sion control transistor configured to couple a power supply to
the driving transistor in response to an emission control sig-
nal; and a second emission control transistor configured to
couple the driving transistor to the organic light emitting
diode in response to the emission control signal.

[0023] At least one ofthe driving transistor, the first switch-
ing unit, and the second switching unit may include a PMOS
transistor.

[0024] At least one of the driving transistor, the first switch-
ing unit, and the second switching unit may include an NMOS
transistor.

[0025] According to another aspect of the present inven-
tion, there is provided a pixel circuit of an organic light
emitting device including: a storage capacitorincluding a first
electrode coupled to a first node and a second electrode
coupled to a power supply; a first transistor having a first
terminal coupled to the first node, a second terminal coupled
to an initialization voltage power supply, and a gate terminal
coupled to a first scan line; a second transistor having a first
terminal coupled to a data line, a second terminal coupled to
a second node, and a gate terminal coupled to a second scan
line; a third transistor having a first terminal coupled to the
data line, a second terminal coupled to the second node, and
a gate terminal coupledto a third scan line; a driving transistor
having a first terminal coupled to the second node, a second
terminal coupled to a third node, and a gate terminal coupled
to the first node; a fourth transistor having a first terminal
coupled to the third node, a second terminal coupled to the
first node, and a gate terminal coupled to the second scan line;
a fifth transistor having a first terminal coupled to the third
node, a second terminal coupled to the first node, and a gate
terminal coupled to the third scan line; and an organic light
emitting diode configured to emit light in response to a driv-
ing current received from the driving transistor.

[0026] The second scan line may be disposed in a first
direction from the first scan line, and the third scan line may
be disposed in a second direction opposite to the first direction
from the first scan line, a first scan signal, a second scan
signal, and a third scan signal may be received from the first
scan line, the third scan line, and the third scan line, respec-
tively, and when the first scan signal, the second scan signal,
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and the third scan signal are sequentially activated in order of
the second scan signal applied through the second scan line,
the first scan signal applied through the first scan line dis-
posed in the second direction from the second scan line, and
the third scan signal applied through the third scan line dis-
posed in the second direction from the first scan line, the data
line may be configured to be coupled to the storage capacitor
through the third transistor, the driving transistor, and the fifth
transistor.

[0027] The second scan line may be disposed in a first
direction from the first scan line, and the third scan line may
be disposed in a second direction opposite to the first direction
from the first scan line, a first scan signal, a second scan
signal, and a third scan signal may be applied through the first
scan line, the second scan line, and the third scan line, respec-
tively, and when the first scan signal, the second scan signal,
and the third scan signal are sequentially activated in order of
the third scan signal applied through the third scan line, the
first scan signal applied through the first scan line disposed in
the first direction from the third scan line, and the second scan
signal applied through the second scan line disposed in the
first direction from the first scan line, the data line may be
configured to be coupled to the storage capacitor through the
second transistor, the driving transistor, and the fourth tran-
sistor.

[0028] The pixel circuit may further include: a first emis-
sion control transistor having a first terminal coupled to the
power supply, a second terminal coupled to the second node,
and a gate terminal coupled to an emission control line; and a
second emission control transistor having a first terminal
coupled to the third node, a second terminal coupled to an
anode electrode of the organic light emitting diode, and a gate
terminal coupled to the emission control line.

[0029] At least one of the first transistor, the second tran-
sistor, the third transistor, the fourth transistor, the fifth tran-
sistor, and the driving transistor may include a PMOS tran-
sistor.

[0030] At least one of the first transistor, the second tran-
sistor, the third transistor, the fourth transistor, the fifth tran-
sistor, and the driving transistor may include an NMOS tran-
sistor.

[0031] According to another aspect of the present inven-
tion, an organic light emitting device includes a plurality of
pixel circuits, each of the plurality of pixel circuits including:
a storage capacitor; a first switching unit configured to ini-
tialize the storage capacitor in response to a first scan signal
received from a first scan line; a second switching unit con-
figured to receive a second scan signal from a second scan line
disposed in a first direction from the first scan line, to receive
athird scan signal from a third scan line disposed in a second
direction opposite to the first direction from the first scan line,
and to be turned on in response to one of the second scan
signal and the third scan signal that is activated after the first
scan signal is activated to store a data signal in the storage
capacitor; a driving transistor configured to provide a driving
current according to the data signal stored in the storage
capacitor; and an organic light emitting diode configured to
emit light according to the driving current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other aspects and features of the
present invention may be understood in detail from the fol-
lowing description taken in conjunction with the accompany-
ing drawings, in which:
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[0033] FIG. 1 is a block diagram illustrating an organic
light emitting display device in accordance with example
embodiments;

[0034] FIG. 2 is a block diagram illustrating a scan driving
unit and a pixel array unit included in an organic light emitting
display device in accordance with example embodiments;
[0035] FIG. 3is acircuit diagram illustrating a pixel circuit
of an organic light emitting display device in accordance with
example embodiments;

[0036] FIG.4is acircuit diagram illustrating a pixel circuit
of an organic light emitting display device in accordance with
example embodiments;

[0037] FIG.51is a block diagram illustrating a scan driving
unit and a pixel array unit included in an organic light emitting
display device in accordance with example embodiments;
[0038] FIG. 6is a timing diagram for describing an opera-
tion of a pixel circuit illustrated in FIG. 5;

[0039] FIG. 7 is a block diagram illustrating a scan driving
unit and a pixel array unit included in an organic light emitting
display device in accordance with example embodiments;
[0040] FIG. 8is a timing diagram for describing an opera-
tion of a pixel circuit illustrated in FIG. 7,

[0041] FIG.9is acircuit diagram illustrating a pixel circuit
of an organic light emitting display device in accordance with
example embodiments;

[0042] FIG. 10 is a timing diagram for describing an
example of an operation of a pixel circuit illustrated in FIG. 9;
[0043] FIG. 11 is a timing diagram for describing another
example of an operation of a pixel circuit illustrated in FIG. 9;
[0044] FIG. 12 is a circuit diagram illustrating an example
of a first switching unit included in a pixel circuit of an
organic light emitting display device in accordance with
example embodiments;

[0045] FIG. 13 is a circuit diagram illustrating another
example of a first switching unit included in a pixel circuit of
an organic light emitting display device in accordance with
example embodiments;

[0046] FIG. 14 is a circuit diagram illustrating an example
of a second switching unit included in a pixel circuit of an
organic light emitting display device in accordance with
example embodiments;

[0047] FIG. 15 is a circuit diagram illustrating another
example of a second switching unit included in a pixel circuit
of an organic light emitting display device in accordance with
example embodiments;

[0048] FIG. 16 is a circuit diagram illustrating an example
of a third switching unit included in a pixel circuit of an
organic light emitting display device in accordance with
example embodiments;

[0049] FIG. 17 is a circuit diagram illustrating another
example of a third switching unit included in a pixel circuit of
an organic light emitting display device in accordance with
example embodiments;

[0050] FIG. 18 s a circuit diagram illustrating still another
example of a third switching unit included in a pixel circuit of
an organic light emitting display device in accordance with
example embodiments; and

[0051] FIG. 19 is a block diagram illustrating an electronic
system including an organic light emitting display device in
accordance with example embodiments.

DETAILED DESCRIPTION

[0052] Example embodiments of the present invention are
described more fully hereinafter with reference to the accom-
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panying drawings. The present invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the example embodiments set forth
herein. In the drawings, the sizes and relative sizes of layers
and regions may be exaggerated for clarity.

[0053] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it may be directly on, connected or
coupled to the other element or layer or one or more inter-
vening elements or layers may be present. In contrast, when
an element is referred to as being “directly on,” “directly
connected to” or “directly coupled to” another element or
layer, there are no intervening elements or layers present.
Like or similar reference numerals refer to like or similar
elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0054] TItwill be understood that, although the terms “first,”
“second,” “third,” etc. may be used herein to describe various
elements, components, regions, layers, patterns and/or sec-
tions, these elements, components, regions, layers, patterns
and/or sections should not be limited by these terms. These
terms are only used to distinguish one element, component,
region, layer pattern or section from another region, layer,
pattern or section. Thus, a first element, component, region,
layer or section discussed below could be termed a second
element, component, region, layer or section without depart-
ing from the scope of the present invention.

[0055] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to enconipass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0056] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a,” “an,” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0057] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
which this present invention belongs. [t will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

29 <.
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[0058] FIG. 1 is a block diagram illustrating an organic
light emitting display device in accordance with example
embodiments.

[0059] Referring to FIG. 1, an organic light emitting dis-
play device 100 includes an emission driving unit 110, a scan
driving unit 120, a data driving unit 130 and a pixel array unit
140. In some example embodiments, the organic light emit-
ting display device 100 may further include a power supply
unit 150.

[0060] Theemission driving unit 110 may be coupled to the
pixel array unit 140 through a plurality of emission control
lines EL1, EL2, EL3, EL(n-1) and ELn, and may control
pixel circuits 160 included in the pixel array unit 140 to emit
light by applying a plurality of emission control signals E1,
E2, E3, E(n-1) and En to the pixel circuits 160 through the
plurality of emission control lines EL1, EL2, EL3, EL(n-1)
and ELn.

[0061] The scan driving unit 120 may be coupled to the
pixel array unit 140 through a plurality of scan lines SLO,
SL1, SL.2, SL3, SL4, SI(n-1), SLn and SL(n+1), and may
control the pixel circuits 160 to store data signals D1, D2, D3
and Dm by applying a plurality of scan signals S0, S1, S2, S3,
S4, S(n-1), Sn and S(n+1) to the pixel circuits 160 through
the plurality of scan lines SL.O, SL1,SL.2, SL.3, SL4, SL(n-1),
SLn and SL(n+1).

[0062] The data driving unit 130 may be coupled to the
pixel array unit 140 through a plurality of data lines DL1,
DL2, DL3 and DL.m, and may apply the data signals D1, D2,
D3 and Dm corresponding to desired gray levels to the pixel
circuits 160 through the plurality of data lines DL1, DL2,
DL3 and DLm.

[0063] The pixel array unit 140 may include n*m pixel
circuits 160 coupled to the n+2 scan lines SLO, SL1, SL2,
SL3, SL4, SL(n-1), SLn and SL(n+1) extending in parallel
with each other in a row direction, coupled to the n emission
control lines EL1, EL2, EL3, EL(n-1) and ELn extending in
parallel with each other in the row direction, and coupled to
the m data lines DL1, DL2, DL3 and DLm extending in
parallel with each other in a column direction, where each of
nand m is an integer greater than 1. The pixel circuits 160 may
receive the scan signals SO, S1, 82, S3, S4, S(n-1), Sn and
S(n+1) through the scan lines SLO, SL1, SL2, SL3, SL4,
SL(n-1), SLn and SL{1n+1), may receive the emission control
signals E1, E2, E3, E(n-1) and En through the emission
control lines EL1, EL2, EL3, EL(n-1) and ELxn, and may
receive the data signals D1, D2, D3 and Dm through the data
lines DL1, DL2, DL3 and DLm. The pixel circuits 160 may
store the data signals D1, D2, D3 and Dm in response to the
scan signals SO, S1, S2, S3, 84, S(n-1), Sn and S(n+1), and
may emit light with luminance corresponding to the data
signals D1, D2, D3 and Dm in response to the emission
control lines EL1, EL2, EL3, EL(n-1) and ELn.

[0064] The power supply unit 150 may apply a power sup-
ply voltage and an initialization voltage to the pixel circuits
160.

[0065] FIG. 2 is a block diagram illustrating a scan driving
unit and a pixel array unit included in an organic light emitting
display device in accordance with example embodiments.
[0066] Referring to FIG. 2, a scan driving unit 230 may
include a shift register having a plurality of stages 210_1,
210_2 and 210_3 that are selectively coupled in series in a
first direction (e.g., in a direction from bottom to top) or in a
second direction (e.g., in a direction from top to bottom)
opposite to the first direction, first switches 250_1,250_2 and
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250_3 for coupling the plurality of stages 210_1, 210_2 and
210_3 in the first direction, and second switches 260_1,
260_2 and 260_3 for coupling the plurality of stages 210_1,
210 2 and 210_3 in the second direction. Each of the first
switches 250_1, 250_2 and 250_3 and the second switches
260_1,260_2 and 260_3 may be implemented with a transis-
tor.

[0067] Forexample, in a case where the first switches 250_
1,250_2 and 250_3 are closed (or turned on), and the second
switches 260_1,260_2and 260_3 are open (or turned off), the
plurality of stages 210_1. 210_2 and 210_3 may be sequen-
tially coupled in the first direction (e.g., in adirection from the
bottommost scan line to the topmost scan line of an organic
light emitting display device). That is, an output of a (j+1)-th
stage 210_3 may be coupled to an input of a j-th stage 210_2
disposed in the first direction from the (j+1)-th stage 210_3,
and an output of the j-th stage 210_2 may be coupled to an
input of a (j—1)-th stage 210_1 disposed in the first direction
from the j-th stage 210_2. In this case, scan signals S(j-1), Sj
and S(j+1) may be sequentially activated, for example, in
order of a (j+1)-th scan signal S(j+1) applied through a (j+1)-
th scan line SL(j+1), aj-th scan signal Sj applied through aj-th
scan line SLj disposed in the first direction from the (j+1)-th
scan line SL(j+1), and a (j-1)-th scan signal S(j-1) applied
through a (j-1)-th scan line SL(j-1) disposed in the first
direction from the j-th scan line SI;.

[0068] In acase where the first switches 250_1, 250_2 and
250_3 are open (or turned off), and the second switches
260_1, 260_2 and 260_3 are closed (or turned on), the plu-
rality of stages 210_1, 210_2 and 210_3 may be sequentially
coupled in the second direction (e.g., in a direction from the
topmost scan line to the bottommost scan line of the organic
light emitting display device). That is, an output of the (j-1)-
th stage 210_1 may be coupled to the input of the j-th stage
210_2 disposed inthe second direction from the (j—1)-th stage
210_1, and the output of the j-th stage 210_2 may be coupled
to an input of the (j+1)-th stage 210_3 disposed in the second
direction from the j-th stage 210_2. In this case, scan signals
S(G-1), Sj and S(j+1) may be sequentially activated, for
example, in order of the (j-1)-th scan signal S(j-1) applied
through the (j-1)-th scan line SL(j-1), the j-th scan signal Sj
applied through the j-th scan line SLj disposed in the second
direction from the (j-1)-th scan line SL(j-1), and the (j+1)-th
scan signal S(j+1) applied through a (j+1)-th scan line SL(j+
1) disposed in the second direction from the j-th scan line SLj.
[0069] As described above, the scan driving unit 230 may
selectively perform a first unidirectional scan from bottom to
top by turning on the first switches 250_1, 250_2 and 250_3
or a second unidirectional scan from top to bottom by turning
on the second switches 260_1,260_2 and 260_3. That is, the
scan driving unit 230, according to example embodiments of
the present invention, performs a bidirectional scan from
bottom to top or from top to bottom using a single shift
register. In contrast, a conventional scan driving unit uses at
least two shift registers to perform a bidirectional scan.
Because the scan driving unit 230 of example embodiments
of the present invention includes the single shift register, the
scan driving unit 230 has a small size, and the organic light
emitting display device according to example embodiments
has a narrow bezel.

[0070] The stages 210_1, 210_2 and 210_3 of the shift
register may provide the scan signals S(j—1), Sjand S(j+1) to
pixel circuits 220_1, 220_2 and 220_3 included in a pixel
array unit 240 through the scan lines S(j-1), Sj and S(j+1).
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[0071] A pixel circuit 220_2 located at a j-th row may
receive the (j—1)-th, j-th and (j+1)-th scan signals S(j-1), Sj
and S(j+1) from the (j=1)-th, j-th and (j+1)-th stages 210_1,
210_2 and 210_3. The pixel circuit 220_2 may perform an
initialization operation, a data storing operation, etc. in either
case where the first unidirectional scan from bottom to top or
the second unidirectional scan from top to bottom is per-
formed. For example, in a case where the scan driving unit
230 performs the first unidirectional scan from bottom to top,
the pixel circuit 220_2 may receive the scan signals S(j-1), Sj
and S(j+1) in order of the (j+1)-th scan signal S(j+1), the j-th
scan signal Sj and the (j-1)-th scan signal S(j-1), and may
operate by performing the initialization operation in response
to the j-th scan Sj and by performing the data storing opera-
tion in response to the (j=1)-th scan signal S(j=1). Further, in
a case where the scan driving unit 230 performs the second
unidirectional scan from top to bottom, the pixel circuit
220_2 may receive the scan signals S(j-1), Sj and S(j+1) in
order of the (j—1)-th scan signal S(j-1), the j-th scan signal Sj
and the (j+1)-th scan signal S(j+1), and may operate by pet-
forming the initialization operation in response to the j-th
scan Sj and by performing the data storing operation in
response to the (j+1)-th scan signal S(j+1).

[0072] As described above, in the organic light emitting
display device according to example embodiments, the scan
driving unit 230 may perform the bidirectional scan from top
to bottom or from bottom to top using the single shift register.
Further, the pixel circuits 220_1, 220_2 and 220_3 included
in the pixel array unit 240 may operatein any case (e.g., where
the first unidirectional scan from bottom to top, the second
unidirectional scan from top to bottom, or the bidirectional
scan is performed).

[0073] FIG. 3is acircuit diagram illustrating a pixel circuit
of an organic light emitting display device in accordance with
example embodiments. For convenience of description, FIG.
3 illustrates a pixel circuit 300 located corresponding to an
m-th data line, an n-th scan line and an n-th emission control
line.

[0074] Referring to FIG. 3, the pixel circuit 300 of the
organic light emitting display device may include a storage
capacitor C1, a first switching unit SW1, a second switching
unit SW2, a third switching unit SW3, a driving transistor T1,
a first emission control transistor T2, a second emission con-
trol transistor T3 and an organic light emitting diode OLED.
The storage capacitor C1 may have afirst electrode coupled to
a high power supply voltage ELVDD and a second electrode
coupled to a first node N1. The first switching unit SW1 may
have a first terminal coupled to an initialization voltage Vint
and a second terminal coupled to the first node N1, and may
be controlled by a first scan signal Sn applied through a first
scan line. The second switching unit SW2 may have a first
terminal coupled to a data line through which a data signal
Dm is applied and a second terminal coupled to a second node
N2, and may be controlled by one of a second scan signal
S(n-1) applied through a second scan line and a third scan
signal S(n+1) applied through a third scan line. The third
switching unit SW3 may have a first terminal coupled to the
first node N1 and a second terminal coupled to a third node
N3. The driving transistor T1 may be implemented with a
PMOS transistor having a gate terminal coupled to the first
node N1, a source terminal coupled to the second node N2,
and a drain terminal coupled to the third node N3. The first
emission control transistor T2 may be implemented with a
PMOS transistor having a gate terminal coupled to an emis-
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sion control line through which an emission control signal En
is applied, a source terminal coupled to the high power supply
voltage ELVDD, and a drain coupled to the second node N2.
The second emission control transistor T3 may be imple-
mented with a PMOS transistor having a gate terminal
coupled to the emission control line through which the emis-
sion control signal En is applied, a source terminal coupled to
the third node N3, and a drain terminal coupled to a fourth
node N4. The organic light emitting diode OLED may have an
anode electrode coupled to the fourth node N4 and a cathode
electrode coupled to a low power supply voltage ELVSS.
[0075] The first switching unit SW1 may initialize the stor-
age capacitor C1 by applying the initialization voltage Vint to
the first node N1 in response to the first scan signal Sn applied
through the first scan line.

[0076] In a case where a scan driving unit included in the
organic light emitting display device performs a first unidi-
rectional scan that sequentially applies the scan signals S(n—
1), Snand S(n+1) to the scan lines in a first direction from the
bottommost scan line to the topmost scan line, or in a case
where the first through third scan signals S(n-1), Sn and
S(n+1) are activated in order of the third scan signal S(n+1)
applied through the third scan line, the first scan signal Sn
applied through the first scan line disposed in the first direc-
tion from the third scan line, and the second scan signal
S(n-1) applied through the second scan line disposed in the
first direction from the first scan line, the second switching
unit SW2 may be turned on in response to the second scan
signal S(n-1), which is activated after the first scan signal Sn
is activated, to store the data signal Dm in the storage capaci-
tor C1.

[0077] Further, in a case where the scan driving unit per-
forms a second unidirectional scan that sequentially applies
the scan signals S(n-1), Sn and S(n+1) to the scan lines in a
second direction from the topmost scan line to the bottom-
most scan line, or in a case where the first through third scan
signals S(n—1), Sn and S(n+1) are activated in order of the
second scan signal S(n-1) applied through the second scan
line, the first scan signal Sn applied through the first scan line
disposed in the second direction from the second scan line,
and the third scan signal S(n+1) applied through the third scan
line disposed in the second direction from the first scan line,
the second switching unit SW2 may be turned on in response
to the third scan signal S(n+1), which is activated after the first
scan signal Sn is activated, to store the data signal Dm in the
storage capacitor C1.

[0078] That is, the second switching unit SW2 may receive
the second scan signal S(n-1) applied through the second
scan line disposed in the first direction from the first scan line,
and may further receive the third scan signal S(n+1) applied
through the third scan line dispose in the second direction
opposite to the first direction from the first scan line, and may
transfer the data signal Dm from the data line to the second
node N2 in response to one of the second scan signal S(n-1)
and the third scan signal S(n+1) that is activated after the first
scan signal Sn is activated.

[0079] The driving transistor T1 may be turned on in
response to the initialization voltage Vint stored in the storage
capacitor C1, and the turned-on driving transistor T1 may
transfer the data signal Dm from the second node N2 to the
third node N3.

[0080] The third switching unit SW3 may store the data
signal Dm in the storage capacitor C1 by transferring the data
signal Dm from the third node N3 to the first node N1, and
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may perform threshold voltage compensation by diode-con-
necting the driving transistor T1.

[0081] The first emission control transistor T2 may be
turned off to decouple the second node N2 from the high
power supply voltage ELVDD until the data signal Dm is
stored in the storage capacitor C1.

[0082] The second emission control transistor T3 may be
turned off to decouple the third node N3 from the fourth node
N4 until the data signal Dm is stored in the storage capacitor
Cl.

[0083] After the data signal Dm is stored in the storage
capacitor C1, the first and second emission control transistors
T2 and T3 may be turned on in response to the emission
control signal En applied through the emission control line.
While the first and second emission control transistors T2 and
T3 are turned on, the organic light emitting diode OLED may
emit light based on a driving current generated by the driving
transistor T1 in response to the data signal Dm stored in the
storage capacitor C1.

[0084] As described above, the pixel circuit 300 according
to example embodiments may initialize the storage capacitor
C1 in response to the first scan signal Sn. When the scan
driving unit performs the first unidirectional scan from bot-
tom to top, the pixel circuit 300 may store the data signal Dm
in the storage capacitor C1 through the second switching unit
SW2, the driving transistor T1 and the third switching unit
SW3 in response to the second scan signal S(n-1) that is
activated after the first scan signal Sn is activated. Further,
when the scan driving unit performs the second unidirectional
scan from top to bottom, the pixel circuit 300 may store the
data signal Dm in the storage capacitor C1 through the second
switching unit SW2, the driving transistor T1 and the third
switching unit SW3 in response to the third scan signal S(n+
1) that is activated after the first scan signal Sn is activated.
Thus, the pixel circuit 300 according to example embodi-
ments may perform the initialization operation, the data stor-
ing operation, the light emitting operation, etc. in either case
where the first unidirectional scan from bottom to top or the
second unidirectional scan from top to bottom is performed.
That is, the pixel circuit 300 according to example embodi-
ments may operate in any case (e.g., where the first unidirec-
tional scan from bottom to top, the second unidirectional scan
from top to bottom, or the bidirectional scan is performed).
[0085] FIG. 4 is acircuit diagram illustrating a pixel circuit
of an organic light emitting display device in accordance with
example embodiments.

[0086] Referring to FIG. 4, apixel circuit 400 of an organic
light emitting display device may include a storage capacitor
C1, a first switching unit SW1, a second switching unit SW2,
a third switching unit SW3, a driving transistor T1, a first
emission control transistor T2, a second emission control
transistor T3 and an organic light emitting diode OLED. The
storage capacitor C1 may have a first electrode coupled to a
high power supply voltage ELVDD and a second electrode
coupled to a first node N1. The first switching unit SW1 may
have a first terminal coupled to an initialization voltage Vint
and a second terminal coupled to the first node N1, and may
be controlled by a first scan signal Sn applied through a first
scan line. The second switching unit SW2 may have a first
terminal coupled to a data line through which a data signal
Dm s applied and a second terminal coupled to a second node
N2, and may be controlled by one of a second scan signal
S(n-1) applied through a second scan line and a third scan
signal S(n+1) applied through a third scan line. The third
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switching unit SW3 may have a first terminal coupled to the
first node N1 and a second terminal coupled to a third node
N3, and may be controlled by one of the second scan signal
S(n-1) and the third scan signal S(n+1). The driving transistor
T1 may be implemented with a PMOS transistor having a gate
terminal coupled to the first node N1, a source terminal
coupled to the second node N2, and a drain terminal coupled
to the third node N3. The first emission control transistor T2
may be implemented with a PMOS transistor having a gate
terminal coupled to an emission control line through which an
emission control signal En is applied, a source terminal
coupled to the high power supply voltage ELVDD, and a drain
coupled to the second node N2. The second emission control
transistor T3 may be implemented with a PMOS transistor
having a gate terminal coupled to the emission control line
through which the emission control signal En is applied, a
source terminal coupled to the third node N3, and a drain
terminal coupled to a fourth node N4. The organic light emit-
ting diode OLED may have an anode electrode coupled to the
fourth node N4 and a cathode electrode coupled to a low
power supply voltage ELVSS.

[0087] The pixel circuit 400 of FIG. 4 may have similar
configuration to a pixel circuit 300 of FIG. 3, except for the
third switching unit SW3.

[0088] The third switching unit SW3 may be coupled
between the first node N1 and the third node N3, and may be
coupled to the second scan line through which the second
scan signal S(n-1)1s applied and to the third scan line through
which the third scan signal S(n+1) is applied. The third
switching unit SW3 may store the data signal Dm in the
storage capacitor C1 by transferring the data signal Dm from
the third node N3 to the first node N1 in response to one of the
second scan signal S(n-1) and the third scan signal S(n+1)
that is activated after the first scan signal Sn is activated (e.g.,
according to the scan direction), and may perform threshold
voltage compensation by diode-connecting the driving tran-
sistor T1 in response to one of the second scan signal S(n-1)
and the third scan signal S(n+1) that is activated after the first
scan signal Sn is activated (e.g., according to the scan direc-
tion).

[0089] FIG. 5is a block diagram illustrating a scan driving
unit and a pixel array unit included in an organic light emitting
display device in accordance with example embodiments.
[0090] Referring to FIG. 5, a scan driving unit 530 may
include a plurality of stages 510_1,510_2 and 510_3 that are
sequentially coupled in a direction from top to bottom.
[0091] In some example embodiments, the scan driving
unit 530 illustrated in FIG. 5 may correspond to a scan driving
unit 230 illustrated in FIG. 2 where first switches 250_1,
250_2 and 250_3 are turned off and second switches 260_1,
260_2 and 260_3 are turned on. In other example embodi-
ments, the scan driving unit 530 may correspond to a typical
scan driving unit performing a unidirectional scan from top to
bottom.

[0092] The stages 510_1, 510_2 and 510_3 may provide
the scan signals S(j-1). Sj and S(j+1) to pixel circuits 520_1,
520_2 and 520_3 included in a pixel array unit 540 through
the scan lines S(j-1), Sj and S(j+1).

[0093] For example, a j-th stage (SRj) 510_2 of the scan
driving unit 530 may receive an output signal S(j-1) of a
previous stage, or a (j—1)-th stage (SR(j-1)) 510_1, may
delay the output signal S(j-1) of the (j-1)-th stage (SR(G-1))
510_1 by one horizontal time, and may output the delayed
signal S(j-1) as an output signal Sj. The j-th stage (SRj)
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510_2 may provide its output signal Sj to the corresponding
scan line SLj and to a next stage, or a (j+1)-th stage (SR(j+1))
510_3.

[0094] The (j+1)-th stage (SR(G+1)) 510_3 receiving the
output signal Sn of the j-th stage (SRj) 510_2 may perform an
operation similar to that of the j-th stage (SRj) 510_2 to
generate an output signal S(j+1).

[0095] A pixel circuit 520_2 located at a j-th row may
receive the scan signals S(j-1), Sj and S(j+1) in order of the
(j=1)-th scan signal S(j-1), the j-th scan signal Sj and the
(j+1)-th scan signal S(j+1), may perform an initialization
operation in response to the j-th scan signal Sj, and may
perform a data storing operation in response to the (j+1)-th
scan signal S(j+1).

[0096] FIG. 6 is a timing diagram for describing an opera-
tion of a pixel circuit illustrated in FIG. 5. FIG. 6 is a timing
diagram illustrating an emission control signal Ej, a first scan
signal Sj, a second scan signal S(j—1) and a third scan signal
S(j+1) provided to a pixel circuit located corresponding to a
Jj-th scan line, or a j-th emission control line.

[0097] Referring to FIG. 6, the second scan signal S(j-1)
may be activated during a first time period T(j-1), the first
scan signal Sj may be activated during a second time period
Tj, the third scan signal S(j+1) may be activated during a third
time period T(j+1), and the emission control signal Ej may be
activated during a fourth time period TEM.

[0098] During the second time period Tj, the pixel circuit
may initialize a storage capacitor in response to the activated
first scan signal Sj. For example, a first switching unit includ-
ing at least one PMOS transistor may be turned on in response
to the first scan signal Sj having a low level, and the turned-on
first switching unit may apply an initialization voltage to the
storage capacitor to initialize the storage capacitor.

[0099] During the third time period T(j+1), the pixel circuit
may store a data signal in the storage capacitor in response to
the activated third scan signal S(j+1). For example, a second
switching unit including at least one PMOS transistor may be
turned on in response to the third scan signal S(j+1) having a
low level, and the turned-on second switching unit may apply
the data signal to a source terminal of a driving transistor. The
driving transistor may be turned on in response to the initial-
ization voltage stored in the storage capacitor, and the turned-
on driving transistor may transfer the data signal from the
source terminal to a drain terminal. A third switching unit
may transfer the data signal from the drain terminal of the
driving transistor to the storage capacitor to store the data
signal in the storage capacitor, and may perform threshold
voltage compensation by diode-connecting the driving tran-
sistor.

[0100] The pixel circuit may couple a data line to the stor-
age capacitor during the first time period T(j=1) as well as the
during the third time period T(j+1). However, because the
storage capacitor is initialized during the second time period
Tj, anoperation of the pixel circuit during the first time period
T(j-1) may not affect the data signal stored in storage capaci-
tor during the third time period T(j+1).

[0101] During the fourth time period TEM, the pixel circuit
emits light with luminance corresponding to the stored data
signal in response to the activated emission control signal Fj.
For example, at least one emission control transistor includ-
ing at least one PMOS transistor may be turned on in response
to the emission control signal Ej having a low level, and the
turned on emission control transistor may form a current path
from a high power supply voltage to a low power supply
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voltage. Thus, an organic light emitting diode included in the
current path emits light with luminance corresponding to the
data signal stored in the storage capacitor.

[0102] FIG. 7 is a block diagram illustrating a scan driving
unitand a pixel array unit included in an organic light emitting
display device in accordance with example embodiments.
[0103] Referring to FIG. 7, a scan driving unit 730 may
include a plurality of stages 710_1, 710_2 and 710_3 that are
sequentially coupled in a direction from bottom to top.
[0104] In some example embodiments, the scan driving
unit 730 illustrated in FIG. 7 may correspond to a scan driving
unit 230 illustrated in FIG. 2 where first switches 250_1,
250_2 and 250_3 are turned on and second switches 260_1,
260_2 and 260_3 are turned off. In other example embodi-
ments, the scan driving unit 730 may correspond to a typical
scan driving unit performing a unidirectional scan from bot-
tom to top.

[0105] The stages 710_1, 710_2 and 710_3 may provide
the scan signals S(j-1). Sj and S(j+1) to pixel circuits 720_1,
720_2 and 720_3 included in a pixel array unit 740 through
the scan lines S(j-1), Sj and S(j+1).

[0106] For example, a j-th stage (SRj) 710_2 of the scan
driving unit 730 may receive an output signal S(j+1) of a
previous stage, or a (j+1)-th stage (SR(j+1)) 710_3, may
delay the output signal S(j+1) of the (j+1)-th stage (SR(j+1))
710_3 by one horizontal time, and may output the delayed
signal S(j+1) as an output signal Sj. The j-th stage (SRj)
710_2 may provide its output signal Sj to the corresponding
scan line SIj and further to a next stage, or a (j—1)-th stage
(SR(G-1)) 710_1.

[0107] The (j-1)-th stage (SR(j-1)) 710_1 receiving the
output signal Sn of the j-th stage (SRj) 710_2 may perform an
operation similar to that of the j-th stage (SRj) 710_2 to
generate an output signal S(j-1).

[0108] A pixel circuit 720_2 located at a j-th row may
receive the scan signals S(j-1), Sj and S(j+1) in order of the
(j+1)-th scan signal S(j+1), the j-th scan signal Sj and the
(j=1)-th scan signal S(j-1), may perform an initialization
operation in response to the j-th scan signal Sj, and may
perform a data storing operation in response to the (j-1)-th
scan signal S(j-1).

[0109] FIG. 8is a timing diagram for describing an opera-
tion of a pixel circuit illustrated in FIG. 7. For example, FIG.
8 is a timing diagram illustrating an emission control signal
Ej, a first scan signal Sj, a second scan signal S(j—1) and a
third scan signal S(j+1) provided to a pixel circuit corre-
sponding to a j-th scan line, or a j-th emission control line.
[0110] Referring to FIG. 8, the third scan signal S(j+1) may
be activated during a first time period T(j+1)', the first scan
signal Sj may be activated during a second time period Tj', the
second scan signal S(j—1) may beactivated during a third time
period T(j-1)', and the emission control signal Ej may be
activated during a fourth time period TEM'.

[0111] During the second time period Tj', the pixel circuit
may initialize a storage capacitor in response to the activated
first scan signal Sj. For example, a first switching unit includ-
ing at least one PMOS transistor may be turned on in response
to the first scan signal Sj having a low level, and the turned-on
first switching unit may apply an initialization voltage to the
storage capacitor to initialize the storage capacitor.

[0112] During the third time period T(j-1)', the pixel circuit
may store a data signal in the storage capacitor in response to
the activated second scan signal S(j-1). For example, a sec-
ond switching unit including at least one PMOS transistor
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may be turned on in response to the second scan signal S(j-1)
having a low level, and the turned-on second switching unit
may apply the data signal to a source terminal of a driving
transistor. The driving transistor may be turned on in response
to the initialization voltage stored in the storage capacitor, and
the turned-on driving transistor may transfer the data signal
from the source terminal to a drain terminal. A third switching
unit may transfer the data signal from the drain terminal of the
driving transistor to the storage capacitor to store the data
signal in the storage capacitor, and may perform threshold
voltage compensation by diode-connecting the driving tran-
sistor.

[0113] The pixel circuit may couple a data line to the stor-
age capacitor during the first time period T(j+1)' as well as the
during the third time period T(j-1)'. However, because the
storage capacitor is initialized during the second time period
Tj', anoperation of the pixel circuit during the first time period
T(+1)' may not affect the data signal stored in storage capaci-
tor during the third time period T(j-1)".

[0114] During the fourth time period TEM', the pixel circuit
emits light with luminance corresponding to the stored data
signal in response to the activated emission control signal Fj.
For example, at least one emission control transistor includ-
ing at least one PMOS transistor may be turned on in response
to the emission control signal Ej having a low level, and the
turned on emission control transistor may form a current path
from a high power supply voltage to a low power supply
voltage. Thus, an organic light emitting diode included in the
current path emits light with luminance corresponding to the
data signal stored in the storage capacitor.

[0115] FIG.9is acircuit diagram illustrating a pixel circuit
of an organic light emitting display device in accordance with
example embodiments. FIG. 9 illustrates a pixel circuit 900
corresponding to an m-th data line, an n-th scan line and an
n-th emission control line.

[0116] Referring to FIG. 9, the pixel circuit 900 of the
organic light emitting display device may include a storage
capacitor C1, a first switching unit SW1, a second switching
unit SW2, a third switching unit SW3, a driving transistor T1',
a first emission control transistor T2', a second emission
control transistor T3' and an organic light emitting diode
OLED. The storage capacitor C1 may have a first electrode
coupled to a high power supply voltage ELVDD and a second
electrode coupled to a first node N1. The first switching unit
SW1 may have a first terminal coupled to an initialization
voltage Vint and a second terminal coupled to the first node
N1, and may be controlled by a first scan signal Sn applied
through a first scan line. The second switching unit SW2 may
have a first terminal coupled to a data line through which a
data signal Dm is applied and a second terminal coupled to a
second node N2, and may be controlled by one of a second
scan signal S(n-1) applied through a second scan line and a
third scan signal S(n+1) applied through a third scan line. The
third switching unit SW3 may have a first terminal coupled to
the first node N1 and a second terminal coupled to a third node
N3. The driving transistor T1' may be implemented with an
NMOS transistor having a gate terminal coupled to the first
node N1, adrain terminal coupled to the second node N2, and
a source terminal coupled to the third node N3. The first
emission control transistor T2' may be implemented with an
NMOS transistor having a gate terminal coupled to an emis-
sion control line through which an emission control signal En
is applied, a drain terminal coupled to the high power supply
voltage ELVDD, and a source coupled to the second node N2.
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The second emission control transistor T3' may be imple-
mented with an NMOS transistor having a gate terminal
coupled to the emission control line through which the emis-
sion control signal En is applied, a drain terminal coupled to
the third node N3, and a source terminal coupled to a fourth
node N4. The organic light emitting diode OLED may have an
anode electrode coupled to the fourth node N4 and a cathode
electrode coupled to a low power supply voltage ELVSS.

[0117] The first switching unit SW1 may initialize the stor-
age capacitor C1 by applying the initialization voltage Vint to
the first node N1 in response to the first scan signal Sn applied
through the first scan line.

[0118] In acase where a scan driving unit included in the
organic light emitting display device performs a first unidi-
rectional scan that sequentially applies the scan signals S(n—
1), Snand S(n+1) to the scan lines in a first direction from the
bottommost scan line to the topmost scan line, or in a case
where the first through third scan signals S(n-1), Sn and
S(n+1) are activated in order of the third scan signal S(n+1)
applied through the third scan line, the first scan signal Sn
applied through the first scan line disposed in the first direc-
tion from the third scan line, and the second scan signal
S(n-1) applied through the second scan line disposed in the
first direction from the first scan line, the second switching
unit SW2 may be turned on in response to the second scan
signal S(n-1), which is activated after the first scan signal Sn
is activated, to store the data signal Dm in the storage capaci-
tor C1.

[0119] In a case where the scan driving unit performs a
second unidirectional scan that sequentially applies the scan
signals S(n-1), Sn and S(n+1) to the scan lines in a second
direction from the topmost scan line to the bottommost scan
line, or in a case where the first through third scan signals
S(n-1), Sn and S(n+1) are activated in order of the second
scan signal S(n-1) applied through the second scan line, the
first scan signal Sn applied through the first scan line disposed
in the second direction from the second scan line, and the third
scan signal S(n+1) applied through the third scan line dis-
posed in the second direction from the first scan line, the
second switching unit SW2 may be turned on in response to
the third scan signal S(n+1), which is activated after the first
scan signal Sn is activated, to store the data signal Dm in the
storage capacitor C1.

[0120] That is, the second switching unit SW2 may receive
the second scan signal S(n-1) applied through the second
scan line disposed in the first direction from the first scan line,
and may further receive the third scan signal S(n+1) applied
through the third scan line disposed in the second direction
opposite to the first direction from the first scan line, and may
transfer the data signal Dm from the data line to the second
node N2 in response to one of the second scan signal S(n-1)
and the third scan signal S(n+1) that is activated after the first
scan signal Sn is activated.

[0121] The driving transistor T1' may be turned on in
response to the initialization voltage Vint stored in the storage
capacitor C1, and the turned-on driving transistor T1' may
transfer the data signal Dm from the second node N2 to the
third node N3.

[0122] The third switching unit SW3 may store the data
signal Dm in the storage capacitor C1 by transferring the data
signal Dm from the third node N3 to the first node N1, and
may perform threshold voltage compensation by diode-con-
necting the driving transistor T1".
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[0123] The first emission control transistor T2' may be
turned off to decouple the second node N2 from the high
power supply voltage ELVDD until the data signal Dm is
stored in the storage capacitor C1.

[0124] The second emission control transistor T3' may be
turned off to decouple the third node N3 from the fourth node
N4 until the data signal Dm is stored in the storage capacitor
Cl.

[0125] After the data signal Dm is stored in the storage
capacitor C1, the first and second emission control transistors
T2' and T3' may be turned on in response to the emission
control signal En applied through the emission control line.
While the first and second emission control transistors T2'
and T?3' are turned on, the organic light emitting diode OLED
may emit light based on a driving current generated by the
driving transistor T1'in response to the data signal Dm stored
in the storage capacitor C1.

[0126] As described above, the pixel circuit 900 according
to example embodiments may initialize the storage capacitor
C1 in response to the first scan signal Sn. When the scan
driving unit performs the first unidirectional scan from bot-
tom to top, the pixel circuit 900 may store the data signal Dm
in the storage capacitor C1 through the second switching unit
SW2, the driving transistor T1' and the third switching unit
SW3 in response to the second scan signal S(n-1) that is
activated after the first scan signal Sn is activated. Further,
when the scan driving unit performs the second unidirectional
scan from top to bottom, the pixel circuit 900 may store the
data signal Dm in the storage capacitor C1 through the second
switching unit SW2, the driving transistor T1' and the third
switching unit SW3 in response to the third scan signal S(n+
1) that is activated after the first scan signal Sn is activated.
Thus, the pixel circuit 900 according to example embodi-
ments may perform the initialization operation, the data stor-
ing operation, the light emitting operation, etc. in either case
where the first unidirectional scan from bottom to top or the
second unidirectional scan from top to bottom is performed.
That 1s, the pixel circuit 900 according to example embodi-
ments may operate in any case (e.g., where the first unidirec-
tional scan from bottom to top, the second unidirectional scan
from top to bottom, or the bidirectional scan is performed).
[0127] FIG. 10 is a timing diagram for describing an
example of an operation of a pixel circuit illustrated in FIG. 9.
For example, FIG. 10 is a timing diagram illustrating an
emission control signal Fj, a first scan signal Sj, a second scan
signal S(j-1) and a third scan signal S(j+1) provided to a pixel
circuit located corresponding to a j-th scan line, or a j-th
emission control line.

[0128] Referring to FIG. 1, the second scan signal S(j-1)
may be activated during a first time period T(j-1)*, the first
scan signal Sj may be activated during a second time period
Tj”, the third scan signal S(j+1) may be activated during a
third time period T(j+1)*, and the emission control signal Ej
may be activated during a fourth time period TEM”.

[0129] During the second time period Tj", the pixel circuit
may initialize a storage capacitor in response to the activated
first scan signal Sj. For example, a first switching unit includ-
ing at least one NMOS transistor may be turned on in
response to the first scan signal Sj having a high level, and the
turned-on first switching unit may apply an initialization volt-
age to the storage capacitor to initialize the storage capacitor.
[0130] During the third time period T(j+1)", the pixel cir-
cuit may store a data signal in the storage capacitor in
response to the activated third scan signal S(j+1). For
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example, a second switching unit including at least one
NMOS transistor may be turned on in response to the third
scan signal S(j+1) having a high level, and the turned-on
second switching unit may apply the data signal to a drain
terminal of a driving transistor. The driving transistor may be
turned on in response to the initialization voltage stored in the
storage capacitor, and the turned-on driving transistor may
transfer the data signal from the drain terminal to a source
terminal. A third switching unit may transfer the data signal
from the source terminal of the driving transistor to the stor-
age capacitor to store the data signal in the storage capacitor,
and may perform threshold voltage compensation by diode-
connecting the driving transistor.

[0131] The pixel circuit may couple a data line to the stor-
age capacitor during the first time period T(j-1)" as well as
the during the third time period T(j+1)“. However, because
the storage capacitor is initialized during the second time
period Tj”, an operation of the pixel circuit during the first
time period T(j-1)" may not affect the data signal stored in
storage capacitor during the third time period T(j+1)".
[0132] During the fourth time period TEM”, the pixel cir-
cuit emits light with luminance corresponding to the stored
data signal in response to the activated emission control sig-
nal Ej. For example, at least one emission control transistor
including at least one NMOS transistor may be turned on in
response to the emission control signal Ej having a high level,
and the turned on emission control transistor may form a
current path from a high power supply voltage to alow power
supply voltage. Thus, an organic light emitting diode
included in the current path may emit light with luminance
corresponding to the data signal stored in the storage capaci-
tor.

[0133] FIG. 11 is a timing diagram for describing another
example of an operation of a pixel circuit illustrated in FIG. 9.
FIG. 11 is a timing diagram illustrating an emission control
signal Ej, afirst scan signal Sj, a second scan signal S(j-1) and
a third scan signal S(j+1) provided to a pixel circuit located
corresponding to a j-th scan line, or a j-th emission control
line.

[0134] Referring to FIG. 11, the third scan signal S(j+1)
may be activated during a first time period T(j+1)", the first
scan signal Sj may be activated during a second time period
Tj™, the second scan signal S(j-1) may be activated during a
third time period T(j-1)", and the emission control signal Ej
may be activated during a fourth time period TEM™.

[0135] During the second time period Tj™, the pixel circuit
may initialize a storage capacitor in response to the activated
first scan signal Sj. For example, a first switching unit includ-
ing at least one NMOS transistor may be turned on in
response to the first scan signal Sj having a high level, and the
turned-on first switching unit may apply an initialization volt-
age to the storage capacitor to initialize the storage capacitor.
[0136] During the third time period T(j-1)", the pixel cir-
cuit may store a data signal in the storage capacitor in
response to the activated second scan signal S(j-1). For
example, a second switching unit including at least one
NMOS transistor may be turned on in response to the second
scan signal S(j-1) having a high level, and the turned-on
second switching unit may apply the data signal to a drain
terminal of a driving transistor. The driving transistor may be
turned on in response to the initialization voltage stored in the
storage capacitor, and the turned-on driving transistor may
transfer the data signal from the drain terminal to a source
terminal. A third switching unit may transfer the data signal
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from the source terminal of the driving transistor to the stor-
age capacitor to store the data signal in the storage capacitor,
and may perform threshold voltage compensation by diode-
connecting the driving transistor.

[0137] The pixel circuit may couple a data line to the stor-
age capacitor during the first time period T(j+1)™ as well as
the during the third time period T(j-1)". However, because
the storage capacitor is initialized during the second time
period Tj™, an operation of the pixel circuit during the first
time period T(j+1)" may not affect the data signal stored in
storage capacitor during the third time period T(j-1)".
[0138] During the fourth time period TEM™, the pixel cir-
cuit emits light with luminance corresponding to the stored
data signal in response to the activated emission control sig-
nal Ej. For example, at least one emission control transistor
including at least one NMOS transistor may be turned on in
response to the emission control signal Ej having a high level,
and the turned on emission control transistor may form a
current path from a high power supply voltage to a low power
supply voltage. Thus, an organic light emitting diode
included in the current path may emit light with luminance
corresponding to the data signal stored in the storage capaci-
tor.

[0139] FIG. 12 is a circuit diagram illustrating an example
of a first switching unit included in a pixel circuit of an
organic light emitting display device in accordance with
example embodiments.

[0140] Referring to FIG. 12, a first switching unit 1210 may
include a first PMOS transistor T10 having a first terminal
coupled to a first node N1, a second terminal coupled to an
initialization voltage Vint, and a gate terminal to which a first
scan signal Sn is applied.

[0141] The first PMOS transistor T10 may apply the ini-
tialization voltage Vint to a storage capacitor by being turned
on in response to the first scan signal Sn.

[0142] FIG. 13 is a circuit diagram illustrating another
example of a first switching unit included in a pixel circuit of
an organic light emitting display device in accordance with
example embodiments.

[0143] Referring to FIG. 13, a first switching unit 1310 may
include aplurality of first PMOS transistors T11, T12and T1n
connected in series between a first node N1 and an initializa-
tion voltage Vint. Each first PMOS transistor T11, T12 and
T1n may be turned on in response to a first scan signal Sn.
[0144] The plurality of serially connected first PMOS tran-
sistors T11, T12 and T1n may apply the initialization voltage
Vint to a storage capacitor by being turned on in response to
the first scan signal Sn.

[0145] FIG. 14 is a circuit diagram illustrating an example
of a second switching unit included in a pixel circuit of an
organic light emitting display device in accordance with
example embodiments.

[0146] Referring to FIG. 14, a second switching unit 1410
may include a second PMOS transistor T21 having a first
terminal coupled to a data line through which a data signal
Dmisapplied, asecond terminal coupled to a second node N2
and a gate terminal to which a second scan signal S(n-1) is
applied, and a third PMOS transistor T31 having a first ter-
minal coupled to the data line through which the data signal
Dm is applied, a second terminal coupled to the second node
N2 and a gate terminal to which a third scan signal S(n+1) is
applied.

[0147] The second PMOS transistor T21 may transfer the
data signal Dm from the data line to the second node N2 in

Jul. 17,2014

response to the second scan signal S(n-1), and the third
PMOS transistor T31 may transfer the data signal Dm from
the data line to the second node N2 in response to the third
scan signal S(n+1).

[0148] FIG. 15 is a circuit diagram illustrating another
example of a second switching unit included in a pixel circuit
of an organic light emitting display device in accordance with
example embodiments.

[0149] Referring to FIG. 15, a second switching unit 1510
may include a plurality of second PMOS transistors T21, T22
and T2n connected in series between a data line and a second
node N2, and a plurality of third PMOS transistors T31, T32
and T3n connected in series between the data line and the
second node N2.

[0150] The plurality of serially connected second PMOS
transistors T21, T22 and T2n may transfer a data signal Dm
from the data line to the second node N2 in response to the
second scan signal S(n-1), and the plurality of serially con-
nected third PMOS transistors T31, T32 and T3n may transfer
the data signal Dm from the data line to the second node N2
in response to the third scan signal S(n+1). Each of the plu-
rality of second PMOS transistors T21, T22 and T2n may be
connected in parallel with a corresponding one of the plural-
ity of third PMOS transistors T31, T32 and T3n.

[0151] FIG. 16 is a circuit diagram illustrating an example
of a third switching unit included in a pixel circuit of an
organic light emitting display device in accordance with
example embodiments.

[0152] Referring to FIG. 16, a third switching unit 1610
may include a fourth PMOS transistor T41 having a first
terminal coupled to a third node N3, a second terminal
coupled to a first node N1 and a gate terminal to which a
second scan signal S(n-1) is applied, and a fifth PMOS tran-
sistor T51 having a first terminal coupled to the third node N3,
a second terminal coupled to the first node N1 and a gate
terminal to which a third scan signal S(n+1) is applied.

[0153] The fourth PMOS transistor T41 may store a data
signal in a storage capacitor by transferring the data signal
from the third node N3 to the first node N1 in response to the
second scan signal S(n-1), and the fifth PMOS transistor T51
may store the data signal in the storage capacitor by transfer-
ring the data signal from the third node N3 to the first node N1
in response to the third scan signal S(n+1).

[0154] FIG. 17 is a circuit diagram illustrating another
example of a third switching unit included in a pixel circuit of
an organic light emitting display device in accordance with
example embodiments.

[0155] Referring to FIG. 17, a third switching unit 1710
may include a plurality of fourth PMOS transistors T41, T42
and T4n connected in series between a third node N3 and a
first node N1, and a plurality of fifth PMOS transistors T51,
T52 and T5n connected in series between the third node N3
and the first node N1

[0156] The plurality of serially connected fourth PMOS
transistors T41, T42 and T4n may store a data signal in a
storage capacitor by transferring the data signal from the third
node N3 to the first node N1 in response to the second scan
signal S(n-1), and the plurality of serially connected fifth
PMOS transistors T51, T52 and T5n may store the data signal
in the storage capacitor by transferring the data signal from
the third node N3 to the first node N1 in response to the third
scan signal S(n+1). Each of the plurality of fourth PMOS
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transistors T41, T42 and T4n may be connected in parallel
with a corresponding one of the plurality of fifth PMOS
transistors T51, T52 and T3n.

[0157] FIG. 18 s a circuit diagram illustrating still another
example of a third switching unit included in a pixel circuit of
an organic light emitting display device in accordance with
example embodiments.

[0158] Referring to FIG. 18, a third switching unit 1810
may include a diode-connected transistor T61 between a third
node N3 and a first node N1. For example, the diode-con-
nected transistor T61 may have an anode coupled to the third
node N3 and a cathode coupled to the first node N1.

[0159] When a data signal is stored in a storage capacitor, a
voltage level of the third node N3 coupled to the anode may be
higher than that of the first node N1 coupled to the cathode,
and the third switching unit 1810 may be turned on. When a
first scan signal is applied or when an emission control signal
is applied, the voltage level of the third node N3 coupled to the
anode may be lower than that of the first node N1 coupled to
the cathode, and the third switching unit 1810 may be turned
off.

[0160] Although FIGS. 12 through 18 illustrate examples
where PMOS transistors are used, in some example embodi-
ments, at least one NMOS transistor may be used.

[0161] FIG. 19 is a block diagram illustrating an electronic
system including an organic light emitting display device in
accordance with example embodiments.

[0162] Referring to FIG. 19, an electronic system 1900
includes a processor 1910, a memory device 1920, a storage
device 1930, an input/output (1/0) device 1940, a power
supply 1950, and an organic light emitting display device
1960. The organic light emitting display device 1960 may
correspond to an organic light emitting display device 100 of
FIG. 1. The electronic system 1000 may further include a
plurality of ports for communicating a video card, a sound
card, a memory card, a universal serial bus (USB) device,
other electronic systems, efc.

[0163] The processor 1910 may perform various comput-
ing functions or tasks. The processor 1910 may be for
example, a microprocessor, a central processing unit (CPU),
etc. The processor 1910 may be connected to other compo-
nents via an address bus, acontrol bus, a data bus, etc. Further,
the processor 1910 may be coupled to an extended bus such as
a peripheral component interconnection (PCI) bus.

[0164] The memory device 1920 may store data for opera-
tions of the electronic system 1900. For example, the memory
device 1920 may include at least one non-volatile memory
device such as an erasable programmable read-only memory
(EPROM) device, an electrically erasable programmable
read-only memory (EEPROM) device, a flash memory
device, a phase change random access memory (PRAM)
device, a resistance random access memory (RRAM) device,
a nano floating gate memory (NFGM) device, a polymer
random access memory (PORAM) device, a magnetic random
access memory (MRAM) device, a ferroelectric random
access memory (FRAM) device, etc, and/or at least one vola-
tile memory device such as a dynamic random access
memory (DRAM) device, a static random access memory
(SRAM) device, a mobile dynamic random access memory
(mobile DRAM) device, etc.

[0165] The storage device 1930 may be, for example, a
solid state drive (SSD) device, a hard disk drive (HDD)
device, a CD-ROM device, etc. The /O device 1940 may be,
for example, an input device such as a keyboard, a keypad, a
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mouse, a touch screen, etc, and/or an output device such as a
printer, a speaker, etc. The power supply 1950 may supply
power for operations of the electronic system 1900. The
organic light emitting display device 1960 may communicate
with other components via the buses or other communication
links.

[0166] The organic light emitting display device 1960 may
include a pixel circuit 300 illustrated in FIG. 3, a pixel circuit
400 illustrated in FIG. 4 or a pixel circuit 900 illustrated in
FIG. 9, orthelike. The pixel circuit 300, 400 and 900 included
in the organic light emitting display device 1960 may be
readily driven by a bidirectional scan. In some example
embodiments, the organic light emitting display device 1960
may include a scan driving unit that can perform the bidirec-
tional scan using a single shift register, and thus the organic
light emitting display device 1960 may have a narrow bezel.
[0167] The present embodiments may be applied to any
electronic system 1900 having an organic light emitting dis-
play device. For example, the present embodiments may be
applied to the electronic system 1900, such as a television, a
computer monitor, a laptop, a tablet computer, a digital cam-
era, a cellular phone, a smart phone, a personal digital assis-
tant (PDA), a portable multimedia player (PMP), a MP3
player, a navigation system, a video phone, etc.

[0168] The foregoing is illustrative of example embodi-
ments, and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible without materially departing from the spirit
and scope of the present invention. The present invention is
defined by the following claims, with equivalents of the
claims to be included therein.

What is claimed is:

1. A pixel circuit of an organic light emitting device, com-
prising:

a storage capacitor;

a first switching unit configured to initialize the storage

capacitor in response to a first scan signal received from
a first scan line;

asecond switching unit configured to receive a second scan
signal from a second scan line disposed in a first direc-
tion from the first scan line, to receive a third scan signal
from a third scan line disposed in a second direction
opposite to the first direction from the first scan line, and
configured to be turned on in response to one of the
second scan signal and the third scan signal that is acti-
vated after the first scan signal is activated to store a data
signal in the storage capacitor;

a driving transistor configured to provide a driving current
according to the data signal stored in the storage capaci-
tor; and

an organic light emitting diode configured to emit light in
response to the driving current.

2. The pixel circuit of claim 1, wherein, when the first scan
signal, the second scan signal, and the third scan signal are
sequentially activated in order of the second scan signal
applied through the second scan line, the first scan signal
applied through the first scan line disposed in the second
direction from the second scan line, and the third scan signal
applied through the third scan line disposed in the second
direction from the first scan line, the second switching unit is
configured to turn on in response to the third scan signal to
store the data signal in the storage capacitor.
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3. The pixel circuit of claim 1, wherein, when the first scan
signal, the second scan signal, and the third scan signal are
sequentially activated in order of the third scan signal applied
through the third scan line, the first scan signal applied
through the first scan line disposed in the first direction from
the third scan line, and the second scan signal applied through
the second scan line disposed in the first direction from the
first scan line, the second switching unit is configured to turn
on in response to the second scan signal to store the data
signal in the storage capacitor.

4. The pixel circuit of claim 1, wherein the first switching
unit comprises:

a first transistor configured to apply an initialization volt-
age to the storage capacitor in response to the first scan
signal.

5. The pixel circuit of claim 1, wherein the first switching

unit comprises:

a plurality of first transistors connected in series, the plu-
rality of first transistors configured to apply an initial-
ization voltage to the storage capacitor in response to the
first scan signal.

6. The pixel circuit of claim 1, wherein the second switch-

ing unit comprises:

asecond transistor configured to couple a data line through
which the data signal is received to a first terminal of the
driving transistor in response to the second scan signal;
and

a third transistor configured to couple the data line to the
first terminal of the driving transistor in response to the
third scan signal.

7. The pixel circuit of claim 1, wherein the second switch-

ing unit comprises:

a plurality of second transistors connected in series, the
plurality of second transistors configured to couple a
data line through which the data signal is received to a
first terminal of the driving transistor in response to the
second scan signal; and

a plurality of third transistors connected in series, the plu-
rality of third transistors configured to couple the data
line to the first terminal of the driving transistor in
response to the third scan signal,

wherein each of the plurality of second transistors is con-
nected in parallel with a corresponding one of the plu-
rality of third transistors.

8. The pixel circuit of claim 1, further comprising:

a third switching unit configured to couple a second termi-
nal of the driving transistor to the storage capacitor,

wherein, when the second switching unit is turned on, the
second switching unit is configured to transfer the data
signal to a first terminal of the driving transistor, the
driving transistor is configured to transfer the data signal
from the first terminal thereof to the second terminal
thereof, and the third switching unit is configured to
transfer the data signal from the second terminal of the
driving transistor to the storage capacitor.

9. The pixel circuit of claim 8, wherein the third switching

unit comprises:

afourth transistor configured to couple the second terminal
of the driving transistor to the storage capacitor in
response to the second scan signal; and

a fifth transistor configured to couple the second terminal
of the driving transistor to the storage capacitor in
response to the third scan signal.
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10. The pixel circuit of claim 8, wherein the third switching
unit comprises:

a plurality of fourth transistors connected in series, the
plurality of fourth transistors configured to couple the
second terminal of the driving transistor to the storage
capacitor in response to the second scan signal; and

a plurality of fifth transistors connected in series, the plu-
rality of fifth transistors configured to couple the second
terminal of the driving transistor to the storage capacitor
in response to the third scan signal,

wherein each of the plurality of fourth transistors is con-
nected in parallel with a corresponding one of the plu-
rality of fifth transistors.

11. The pixel circuit of claim 8, wherein the third switching

unit comprises:

a diode-connected transistor coupled between the second
terminal of the driving transistor and the storage capaci-
tor.

12. The pixel circuit of claim 1, further comprising:

a first emission control transistor configured to couple a
power supply to the driving transistor in response to an
emission control signal; and

a second emission control transistor configured to couple
the driving transistor to the organic light emitting diode
in response to the emission control signal.

13. The pixel circuit of claim 1, wherein at least one of the
driving transistor, the first switching unit, and the second
switching unit comprises a PMOS transistor.

14. The pixel circuit of claim 1, wherein at least one of the
driving transistor, the first switching unit, and the second
switching unit comprises an NMOS transistor.

15. A pixel circuit of an organic light emitting device,
comprising:

a storage capacitor comprising a first electrode coupled to

a first node and a second electrode coupled to a power
supply;

a first transistor having a first terminal coupled to the first
node, a second terminal coupled to an initialization volt-
age power supply, and a gate terminal coupled to a first
scan line;

a second transistor having a first terminal coupled to a data
line, a second terminal coupled to a second node, and a
gate terminal coupled to a second scan line;

a third transistor having a first terminal coupled to the data
line, a second terminal coupled to the second node, and
a gate terminal coupled to a third scan line;

a driving transistor having a first terminal coupled to the
second node, a second terminal coupled to a third node,
and a gate terminal coupled to the first node;

a fourth transistor having a first terminal coupled to the
third node, a second terminal coupled to the first node,
and a gate terminal coupled to the second scan line;

a fifth transistor having a first terminal coupled to the third
node, a second terminal coupled to the first node, and a
gate terminal coupled to the third scan line; and

an organic light emitting diode configured to emit light in
response to a driving current received from the driving
transistor.

16. The pixel circuit of claim 15, wherein the second scan
line is disposed in a first direction from the first scan line, and
the third scan line is disposed in a second direction opposite to
the first direction from the first scan line,
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wherein a first scan signal, a second scan signal, and a third
scan signal are received from the first scan line, the third
scan line, and the third scan line, respectively, and

wherein, when the first scan signal, the second scan signal,
and the third scan signal are sequentially activated in
order of the second scan signal applied through the sec-
ond scan line, the first scan signal applied through the
first scan line disposed in the second direction from the
second scan line, and the third scan signal applied
through the third scan line disposed in the second direc-
tion from the first scan line, the data line is configured to
be coupled to the storage capacitor through the third
transistor, the driving transistor, and the fifth transistor.

17. The pixel circuit of claim 15,

wherein the second scan line is disposed in a first direction
from the first scan line, and the third scan line is disposed
in a second direction opposite to the first direction from
the first scan line,

wherein a first scan signal, a second scan signal, and a third
scan signal are applied through the first scan line, the
second scan line, and the third scan line, respectively,
and

wherein, when the first scan signal, the second scan signal,
and the third scan signal are sequentially activated in
order of the third scan signal applied through the third
scan line, the first scan signal applied through the first
scan line disposed in the first direction from the third
scan line, and the second scan signal applied through the
second scan line disposed in the first direction from the
first scan line, the data line is configured to be coupled to
the storage capacitor through the second transistor, the
driving transistor, and the fourth transistor.

18. The pixel circuit of claim 15, further comprising:

a first emission control transistor having a first terminal
coupled to the power supply, a second terminal coupled
to the second node, and a gate terminal coupled to an
emission control line; and
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a second emission control transistor having a first terminal
coupled to the third node, a second terminal coupled to
an anode electrode of the organic light emitting diode,
and a gate terminal coupled to the emission control line.

19. The pixel circuit of claim 15, wherein at least one of the
first transistor, the second transistor, the third transistor, the
fourth transistor, the fifth transistor, and the driving transistor
comprises a PMOS transistor.

20. The pixel circuit of claim 15, wherein at least one of the
first transistor, the second transistor, the third transistor, the
fourth transistor, the fifth transistor, and the driving transistor
comprises an NMOS transistor.

21. An organic light emitting device comprising a plurality
of pixel circuits, each of the plurality of pixel circuits com-
prising:

a storage capacitor;

a first switching unit configured to initialize the storage
capacitor in response to a first scan signal received from
a first scan line;

asecond switching unit configured to receive a second scan
signal from a second scan line disposed in a first direc-
tion from the first scan line, to receive a third scan signal
from a third scan line disposed in a second direction
opposite to the first direction from the first scan line, and
to be turned on in response to one of the second scan
signal and the third scan signal that is activated after the
first scan signal is activated to store a data signal in the
storage capacitor;

a driving transistor configured to provide a driving current
according to the data signal stored in the storage capaci-
tor; and

an organic light emitting diode configured to emit light
according to the driving current.
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