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PIXEL CIRCUIT, ORGANIC LIGHT
EMITTING DISPLAY DEVICE, AND METHOD
OF DRIVING THE PIXEL CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 USC §119
to Korean Patent Application No. 10-2012-0070284, filed on
Jun. 28, 2012 in the Korean Intellectual Property Office
(KIPO), the contents of which are herein incorporated by
reference in their entirety.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate generally to display
devices, and more particularly to pixel circuits, organic light
emitting display devices including the pixel circuits, and
methods of driving the pixel circuits.

[0004] 2. Description of the Related Technology

[0005] Various flat panel display devices that reduce weight
and volume have been developed. Flat panel display devices
include a liquid crystal display (LCD) device, a field emission
display (FED) device, a plasma display panel (PDP), an
organic light emitting display (OLED) device, etc. The
OLED device has advantages such as rapid response speed
and low power consumption because the OLED device
among the flat panel display devices displays an image using
an organic light emitting diode that emits light based on
recombination of electrons and holes.

[0006] Typically, the OLED device may be divided into a
passive matrix type organic light emitting display
(PMOLED) device and an active matrix type organic light
emitting display (AMOLED) device according to a method of
driving organic light emitting elements. The AMOLED
device has a plurality of scan lines, a plurality of data lines, a
plurality of power supply voltage lines, and a plurality of
pixel circuits. The AMOLED device may control a gray level
of each pixel circuit by adjusting voltage data or current data
(e.g., an analog driving scheme), or by adjusting a light emit-
ting time (e.g., a digital driving scheme). The AMOLED
device operating based on the digital driving scheme has low
power consumption in a light emitting operation. In the
AMOLED device operating based on the digital driving
scheme, however, power consumption for charging and dis-
charging the data lines increases because data are written into
the data lines with relatively high speed as resolution of the
AMOLED device is increased.

SUMMARY

[0007] Accordingly, the present embodiments are provided
to substantially obviate one or more problems due to limita-
tions and disadvantages of the related art.

[0008] Some example embodiments provide a pixel circuit
capable of operating based on a digital driving scheme and
reducing power consumption for charging and discharging a
data line.

[0009] Some example embodiments provide an organic
light emitting display device that includes at least one pixel
circuit capable of operating based on a digital driving scheme
and reducing power consumption for charging and discharg-
ing a data line.

[0010] Some example embodiments provide a method of
driving a pixel circuit capable of operating based on a digital
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driving scheme and reducing power consumption for charg-
ing and discharging a data line.

[0011] According to example embodiments, a pixel circuit
includes a first p-type metal oxide semiconductor (PMOS)
transistor, a second PMOS transistor, a third PMOS transistor,
a fourth PMOS transistor, a fifth PMOS transistor, a storage
capacitor and an organic light emitting diode. The first PMOS
transistor has a first electrode connected to a first voltage, a
gate electrode connected to a scan line, and a second elec-
trode. The second PMOS transistor has a first electrode con-
nected to the second electrode of the first PMOS transistor, a
gate electrode connected to a first data line, and a second
electrode connected to a first node. The third PMOS transistor
has a first electrode connected to a second voltage, a gate
electrode connected to the scan line, and a second electrode.
The fourth PMOS transistor has a first electrode connected to
the second electrode of the third PMOS transistor, a gate
electrode connected to a second data line, and a second elec-
trode connected to the first node. The fifth PMOS transistor
has a first electrode connected to a first power supply voltage,
a gate electrode connected to the first node, and a second
electrode. The storage capacitor has a first electrode con-
nected to the first node, and a second electrode connected to
the first electrode of the fifth PMOS transistor. The organic
light emitting diode has an anode electrode connected to the
second electrode of the fifth PMOS transistor, and a cathode
electrode connected to a second power supply voltage.
[0012] The pixel circuit may be included in an organic light
emitting display device that sequentially displays a previous
frame and a current frame. Previous data of the pixel circuit
may correspond to the previous frame, and current data of the
pixel circuit may correspond to the current frame. When the
current data is substantially the same as the previous data that
was previously stored in the storage capacitor, the previous
data in the storage capacitor may be maintained. When the
current data is different from the previous data, the previous
data in the storage capacitor may be changed into the current
data.

[0013] Inanexample embodiment, when the current data is
substantially the same as the previous data, the first and third
PMOS transistors may be turned on in response to a scan
signal received from the scan line, and the second and fourth
PMQS transistors may be turned off in response to a first data
signal received from the first data line and a second data signal
received from the second data line.

[0014] When the current data is substantially the same as
the previous data, the scan signal may have a low voltage
level, and each of'the first and second data signals may have
a high voltage level.

[0015] Inanexample embodiment, when the current data is
different from the previous data, the first and third PMOS
transistors may be turned on in response to a scan signal
received from the scan line, and one of the second and fourth
PMOS transistors may be selectively turned on in response to
a first data signal received from the first data line and a second
data signal received from the second data line.

[0016] When the previous data corresponds to a logic low
level and the current data corresponds to a logic high level, the
scan signal may have a low voltage level, the first data signal
may have the low voltage level to turn on the second PMOS
transistor, and the second data signal may have a high voltage
level to turn off the fourth PMOS transistor.

[0017] When the previous data corresponds to a logic high
level and the current data corresponds to a logic low level, the
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scan signal may have a low voltage level, the first data signal
may have a high voltage level to turn off the second PMOS
transistor, and the second data signal may have the low volt-
age level to turn on the fourth PMOS transistor.

[0018] In an example embodiment, the first voltage may
have a level that is substantially the same as a level of the first
power supply voltage.

[0019] Inanexample embodiment, the second voltage may
have a level that is substantially the same as a level of the
second power supply voltage.

[0020] According to example embodiments, a pixel circuit
includes a first n-type metal oxide semiconductor (NMOS)
transistor, a second NMOS transistor, a third NMOS transis-
tor, a fourth NMOS transistor, an organic light emitting diode,
a fifth NMOS transistor and a storage capacitor. The first
NMOS transistor has a first electrode connected to a first
voltage, a gate electrode connected to a scan line, and a
second electrode. The second NMOS transistor has a first
electrode connected to the second electrode of the first
NMOS transistor, a gate electrode connected to a first data
line, and a second electrode connected to a first node. The
third NMOS transistor has a first electrode connected to a
second voltage, a gate electrode connected to the scan line,
and a second electrode. The fourth NMOS transistor has a first
electrode connected to the second electrode of the third
NMOS transistor, a gate electrode connected to a second data
line, and a second electrode connected to the first node. The
organic light emitting diode has an anode electrode connected
to a first power supply voltage, and a cathode electrode. The
fifth NMOS transistor has a first electrode connected to the
cathode electrode of the organic light emitting diode, a gate
electrode connected to the first node, and a second electrode
connected to a second power supply voltage. The storage
capacitor has a first electrode connected to the first node, and
a second electrode connected to the second electrode of the
fifth NMOS transistor.

[0021] The pixel circuit may be included in an organic light
emitting display device that sequentially displays a previous
frame and a current frame. Previous data of the pixel circuit
may correspond to the previous frame, and current data of the
pixel circuit may correspond to the current frame. When the
current data is substantially the same as the previous data that
was previously stored in the storage capacitor, the previous
data in the storage capacitor may be maintained. When the
current data is different from the previous data, the previous
data in the storage capacitor may be changed into the current
data.

[0022] Inanexampleembodiment, when the current data is
substantially the same as the previous data, the first and third
NMOS transistors may be turned on in response to a scan
signal received from the scan line, and the second and fourth
NMOS transistors may be turned off in response to a first data
signal received from the first data line and a second data signal
received from the second data line.

[0023] When the current data is substantially the same as
the previous data, the scan signal may have a high voltage
level, and each of the first and second data signals may have
a low voltage level.

[0024] Inanexample embodiment, when the current data is
different from the previous data, the first and third NMOS
transistors may be turned on in response to a scan signal
received from the scan line, and one of the second and fourth
NMOS transistors may be selectively turned on in response to

Jan. 2,2014

a first data signal received from the first data line and a second
data signal received from the second data line.

[0025] When the previous data corresponds to a logic low
level and the current data corresponds to a logic high level, the
scan signal may have a high voltage level, the first data signal
may have the high voltage level to turn on the second NMOS
transistor, and the second data signal may have a low voltage
level to turn off the fourth NMOS transistor.

[0026] When the previous data corresponds to a logic high
level and the current data corresponds to a logic low level, the
scan signal may have a high voltage level, the first data signal
may have a low voltage level to turn off the second NMOS
transistor, and the second data signal may have the high
voltage level to turn on the fourth NMOS transistor.

[0027] In an example embodiment, the first voltage may
have alevel that is substantially the same as a level of the first
power supply voltage.

[0028] Inanexample embodiment, the second voltage may
have a level that is substantially the same as a level of the
second power supply voltage.

[0029] According to example embodiments, an organic
light emitting display device includes a pixel unit, a scan
driving unit, a data driving unit, a power unit and a timing
control unit. The pixel unit has a plurality of pixel circuits.
The scan driving unit provides a scan signal to each pixel
circuit. The data driving unit provides a first data signal and a
second data signal to each pixel circuit. The power unit pro-
vides a first power supply voltage and a second power supply
voltage to each pixel circuit. The timing control unit controls
the scan driving unit, the data driving unit and the power unit.
Each pixel circuit includes a first p-type metal oxide semi-
conductor (PMOS) transistor, a second PMOS transistor, a
third PMOS transistor, a fourth PMOS transistor, a fifth
PMOS transistor, a storage capacitor and an organic light
emitting diode. The first PMOS transistor has a first electrode
connected to a first voltage, a gate electrode connected to a
scan line, and a second electrode. The second PMOS transis-
tor has a first electrode connected to the second electrode of
the first PMOS transistor, a gate electrode connected to a first
data line, and a second electrode connected to a first node, The
third PMOS transistor has a first electrode connected to a
second voltage, a gate electrode connected to the scan line,
and a second electrode. The fourth PMOS transistor has a first
electrode connected to the second electrode of the third
PMOS transistor, a gate electrode connected to a second data
line, and a second electrode connected to the first node. The
fifth PMOS transistor has a first electrode connected to a first
power supply voltage, a gate electrode connected to the first
node, and a second electrode. The storage capacitor has a first
electrode connected to the first node, and a second electrode
connected to the first electrode of the fifth PMOS transistor.
The organic light emitting diode has an anode electrode con-
nected to the second electrode of the fifth PMOS transistor,
and a cathode electrode connected to a second power supply
voltage.

[0030] The organic light emitting display device may
sequentially display a previous frame and a current frame.
Previous data of each pixel circuit may correspond to the
previous frame, and current data of each pixel circuit may
correspond to the current frame. When the current data is
substantially the same as the previous data that was previ-
ously stored in the storage capacitor of each pixel circuit, the
previous data in the storage capacitor of each pixel circuit
may be maintained. When the current data is different from
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the previous data, the previous data in the storage capacitor of
each pixel circuit may be changed into the current data.
[0031] According to example embodiments, in a method of
driving a pixel circuit including a storage capacitor and an
organic light emitting diode, the pixel circuit is included in an
organic light emitting display device that sequentially dis-
plays a previous frame and a current frame. It is determined
whether current data is substantially the same as previous data
that was previously stored in the storage capacitor. The pre-
vious data of the pixel circuit corresponds to the previous
frame, and the current data of the pixel circuit corresponds to
the current frame. When the current data is substantially the
same as the previous data, the previous data in the storage
capacitor is maintained in response to a scan signal received
from a scan line, a first data signal received from a first data
line and a second data signal received from a second data line.
When the current data is different from the previous data, the
previous data in the storage capacitor is changed into the
current data in response to the scan signal, a first voltage, the
first data signal, a second voltage and the second data signal.
The organic light emitting diode is emitted based on data
stored in the storage capacitor.

[0032] In the method of driving the pixel circuit, a refresh
operation is further performed on the storage capacitor when
the data stored in the storage capacitor is maintained over a
predetermined time period.

[0033] Accordingly, the pixel circuit according to example
embodiments may include five transistors, one storage
capacitor and one organic light emitting diode, and may opet-
ate based on the digital driving scheme. The pixel circuit
according to example embodiments may compare the current
data that is provided to the pixel circuit with the previous data
that was previously stored in the storage capacitor, and may
selectively maintain the previous data in the storage capacitor
or change the previous data in the storage capacitor into the
current data depending on the comparison result, thereby
reducing power consumption for charging and discharging a
data line. The organic light emitting display device according
to example embodiments may include the pixel circuit,
thereby reducing power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Illustrative, non-limiting example embodiments
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings.

[0035] FIG.1is acircuit diagram illustrating a pixel circuit
according to example embodiments.

[0036] FIGS. 2A, 2B and 2C are diagrams for describing
operations of the pixel circuit of FIG. 1.

[0037] FIGS. 3, 4 and 5 are circuit diagrams illustrating a
pixel circuit according to example embodiments.

[0038] FIG. 6 is a circuit diagram lustrating a pixel circuit
according to example embodiments.

[0039] FIGS. 7A, 7B and 7C are diagrams for describing
operations of the pixel circuit of FIG. 6.

[0040] FIGS. 8,9 and 10 are circuit diagrams illustrating a
pixel circuit according to example embodiments.

[0041] FIG. 11 is a flow chart illustrating a method of
driving a pixel circuit according to example embodiments.
[0042] FIG. 12 is a block diagram illustrating an organic
light emitting display device according to example embodi-
ments.
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[0043] FIG. 13 is a block diagram illustrating an electronic
system having an organic light emitting display device
according to example embodiments.

DETAILED DESCRIPTION

[0044] Various example embodiments will be described
more fully with reference to the accompanying drawings, in
which embodiments are shown. The present embodiments
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the present embodiments to those skilled
in the art. Like reference numerals refer to like elements
throughout this application.

[0045] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first ele-
ment, without departing from the scope of the present
embodiments. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

[0046] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).

[0047] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting of the present embodiments. 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,” “comprising,” “includes” and/or “including,” when
used herein, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other.
[0048] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which the present embodiments belong. It will be further
understood 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.
[0049] FIG. 1is a circuit diagram illustrating a pixel circuit
according to example embodiments.

[0050] Referring to FIG. 1, a pixel circuit 100a includes a
first p-type metal oxide semiconductor (PMOS) transistor P1,
a second PMOS transistor P2, a third PMOS transistor P3, a
fourth PMOS transistor P4, a fifth PMOS transistor P5, a
storage capacitor Cst and an organic light emitting diode EL.
The pixel circuit 100a may have a 5T-1C structure (e.g., a
structure having five transistors and one capacitor).
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[0051] The first PMOS transistor P1 and the second PMOS
transistor P2 are connected in serial between a first voltage
VH and a first node ND1. For example, the first PMOS
transistor P1 includes a first electrode (e.g., a source elec-
trode) that is connected to the first voltage VH, a gate elec-
trode that is connected to a scan line SL, and a second elec-
trode (e.g.,adrain electrode). The second PMOS transistor P2
includes a first electrode (e.g., a source electrode) that is
connected to the second electrode of the first PMOS transistor
P1, a gate electrode that is connected to a first data line DL1,
and a second electrode (e.g., a drain electrode) that is con-
nected to the first node ND1. The first PMOS transistor P1 and
the second PMOS transistor P2 may form a first path to
selectively provide the first voltage VH to the first node ND1
in response to a scan signal SC that is received from the scan
line SL and a first data signal D1 that is received from the first
data line DL1.

[0052] The third PMOS transistor P3 and the fourth PMOS
transistor P4 are connected in serial between a second voltage
VL and the first node ND1. For example, the third PMOS
transistor P3 includes a first electrode (e.g., a source elec-
trode) that is connected to the second voltage VL, a gate
electrode that is connected to the scan line SL, and a second
electrode (e.g., a drain electrode). The fourth PMOS transis-
tor P4 includes a first electrode (e.g., a source electrode) that
is connected to the second electrode of the third PMOS tran-
sistor P3, a gate electrode that is connected to a second data
line DL.2, and a second electrode (e.g., a drain electrode) that
is connected to the first node ND1. The third PMOS transistor
P3 and the fourth PMOS transistor P4 may form a second path
to selectively provide the second voltage VL to the first node
ND1 in response to the scan signal SC and a second data
signal D2 that is received from the second data line DL2.
[0053] The first voltage VH may have a level higher than a
level of the second voltage VL. In some embodiments, as will
be described later with reference to FIGS. 3 and 5, the level of
the first voltage VH may be substantially the same as a level
of a first power supply voltage ELVDD. In some embodi-
ments, as will be described later with reference to FIGS. 4 and
5, the level of the second voltage VL may be substantially the
same as a level of a second power supply voltage ELVSS.
[0054] The fifth PMOS transistor P5 includes a first elec-
trode (e.g., a source electrode) that is connected to the first
power supply voltage ELVDD, a gate electrode that is con-
nected to the first node ND1, and a second electrode (e.g., a
drain electrode). The fifth PMOS transistor P5 may operate as
adriving transistor that controls a current flowing through the
organic light emitting diode EL.

[0055] The storage capacitor Cst is connected between the
first node ND1 and the first electrode of the fifth PMOS
transistor P5. For example, the storage capacitor Cst includes
a first electrode that is connected to the first node ND1 and a
second electrode connected to the first electrode of the fifth
PMOS transistor P5.

[0056] The organic light emitting diode EL is connected
between the fifth PMOS transistor P5 and the second power
supply voltage ELVSS. For example, the organic light emit-
ting diode EL includes an anode electrode that is connected to
the second electrode of the fifth PMOS transistor P5, and a
cathode electrode that is connected to the second power sup-
ply voltage ELVSS.

[0057] Although not illustrated in FIG. 1, the organic light
emitting diode EL. may internally include a parasitic capacitor
(not shown) that is generated by the anode electrode and the
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cathode electrode of the organic light emitting diode EL. The
parasitic capacitor that internally exists in the organic light
emitting diode EL. may be illustrated between the anode elec-
trode and the cathode electrode of the organic light emitting
diode EL in FIG. 1.

[0058] In example embodiments, the pixel circuit 100a
may be included in an organic light emitting display device
that sequentially displays a previous frame and a current
frame. Previous data ofthe pixel circuit 100a may correspond
to the previous frame, and current data of the pixel circuit
100a may correspond to the current frame. When the current
data that is provided to the pixel circuit 100 is substantially
the same as the previous data that was previously stored in the
storage capacitor Cst, the current data may not be stored inthe
storage capacitor Cst, the previous data in the storage capaci-
tor Cst may be maintained, and the organic light emitting
display device may display the current frame based on the
previous data. When the current data is different from the
previous data, the previous data in the storage capacitor Cst
may be changed into the current data, and the organic light
emitting display device may display the current frame based
on the current data.

[0059] Hereinafter, operations of the pixel circuit accord-
ing to example embodiments will be explained in detail with
reference to FIGS. 2A, 2B and 2C.

[0060] FIGS. 2A, 2B and 2C are diagrams for describing
operations of the pixel circuit of FIG. 1. FIG. 2A is a timing
diagram illustrating an operation of the pixel circuit 100a
when the current data is substantially the same as the previous
data. FIGS. 2B and 2C are timing diagrams illustrating opera-
tions of the pixel circuit 100a when the current data is differ-
ent from the previous data.

[0061] Referring to FIGS. 1 and 2A, when the current data
is substantially the same as the previous data (e.g., when both
the previous data and the current data correspond to logic low
levels or when both the previous data and the current data
correspond to logic high levels), the previous data in the
storage capacitor Cst may be maintained.

[0062] During a time period for storing data in the storage
capacitor Cst (e.g., from time t1 to time t2), the scan signal SC
is activated to have a low voltage level, and the first and third
PMOS transistors P1, P3 are turned on. The first data signal
D1 is deactivated to have a high voltage level, and the second
PMOS transistor P2 is turned off. The second data signal D2
is deactivated to have the high voltage level, and the fourth
PMOS transistor P4 is turned off. Both the first and second
paths are disabled, and both the first voltage VH and the
second voltage VL are notapplied to the first node ND1. Thus,
the previous data that was previously stored in the storage
capacitor Cst is maintained. During a light emitting period
after time (2, the organic light emitting diode EL is driven
based on the previous data in the storage capacitor Cst.
[0063] Referring to FIGS. 1 and 2B, when the current data
is different from the previous data (e.g., when the previous
data corresponds to the logic low level and the current data
corresponds to the logic high level), the previous data in the
storage capacitor Cst may be changed into the current data.
[0064] During the time period for storing data in the storage
capacitor Cst (e.g., from time t1 to time t2), the scan signal SC
is activated to have the low voltage level, and the first and third
PMOS transistors P1, P3 are turned on. The second data
signal D2 is deactivated to have the high voltage level, and the
fourth PMOS transistor P4 is turned off. During a time period
from time t3 to time t4, the first data signal D1 is activated to
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have the low voltage level, and the second PMOS transistor
P2 is turned on. The first path is enabled, the second path is
disabled, and the first voltage VH is applied to the first node
ND1. Thus, the previous data that was previously stored in the
storage capacitor Cst is changed into the current data corre-
sponding to the logic high level. During the light emitting
period after time t2, the organic light emitting diode EL is
driven based on the current data in the storage capacitor Cst.
[0065] To prevent coupling between the first PMOS tran-
sistor P1 and the second PMOS transistor P2, an activation
period (e.g., from time t1 to time t2) of the first PMOS
transistor P1 may be different from an activation period (e.g.,
from time 3 to time t4) of the second PMOS transistor P2. In
some embodiments, the activation period of the first PMOS
transistor P1 may be substantially the same as the activation
period of the second PMOS transistor P2.

[0066] Referring to FIGS. 1 and 2C, when the current data
is different from the previous data (e.g., when the previous
data corresponds to the logic high level and the current data
corresponds to the logic low level), the previous data in the
storage capacitor Cst may be changed into the current data.
[0067] During the time period for storing datain the storage
capacitor Cst (e.g., from time t1 to time t2), the scan signal SC
is activated to have the low voltage level, and the first and third
PMOS transistors P1, P3 are turned on. The first data signal
D1 is deactivated to have the high voltage level, and the
second PMOS transistor P2 is turned off. During the time
period from time t3 to time t4, the second data signal D2 is
activated to have the low voltage level, and the fourth PMOS
transistor P4 is turned on. The first path is disabled, the second
path is enabled, and the second voltage VL is applied to the
first node ND1. Thus, the previous data that was previously
stored in the storage capacitor Cst is changed into the current
data corresponding to the logic low level. During the light
emitting period after time t2, the organic light emitting diode
EL is driven based on the current data in the storage capacitor
Cst.

[0068] To prevent coupling between the third PMOS tran-
sistor P3 and the fourth PMOS transistor P4, an activation
period (e.g., from time t1 to time t2) of the third PMOS
transistor P3 may be different from an activation period (e.g.,
from time t3 to time t4) of the fourth PMOS transistor P4. In
some embodiments, the activation period of the third PMOS
transistor P3 may be substantially the same as the activation
period of the fourth PMOS transistor P4.

[0069] As described above with reference to FIGS. 2B and
2C, when the current data is different from the previous data,
one of the second PMOS transistors P2 and the fourth PMOS
transistor P4 may be selectively turned on in response to the
first data signal D1 and the second data signal D2. One of the
first path and the second path may be selectively enabled.
Data that was previously stored in the storage capacitor Cst
may be changed based on a voltage that is applied to the first
node ND1 through the enabled path.

[0070] The pixel circuit according to example embodi-
ments may be implemented with the structure illustrated in
FIG. 1, and may operate based on a digital driving scheme
such that a gray level of the pixel circuit is controlled by
adjusting a light emitting time. The pixel circuit 100a of FIG.
1 may maintain the previous data in the storage capacitor Cst
when the current data is substantially the same as the previous
data, and may drive the organic light emitting diode EL based
on the previous data. The pixel circuit 100a may change the
previous data in the storage capacitor Cst into the current data
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when the current data is different from the previous data, and
may drive the organic light emitting diode EL based on the
current data. Thus, the pixel circuit 100a may have relatively
low power consumption for charging and discharging the data
line, and an organic light emitting display device including
the pixel circuit 100 may have relatively low power con-
sumption.

[0071] FIGS. 3,4 and 5 are circuit diagrams illustrating a
pixel circuit according to example embodiments.

[0072] Referring to FIG. 3, a pixel circuit 1005 includes a
first PMOS transistor P1, a second PMOS transistor P2, a
third PMOS transistor P3, a fourth PMOS transistor P4, a fifth
PMOS transistor P5, a storage capacitor Cst and an organic
light emitting diode EL.

[0073] Inan example embodiment of FIG. 3, a first voltage
VH may have a level that is substantially the same as a level
of a first power supply voltage ELVDD. Thus, the first PMOS
transistor P1 in FIG. 3 may have a structure different from a
structure of the first PMOS transistor P1 in FIG. 1. The other
transistors P2, P3, P4 and P5, the storage capacitor Cst and the
organic light emitting diode EL in FIG. 3 may be substantially
the same as the transistors P2, P3, P4 and P5, the storage
capacitor Cst and the organic light emitting diode EL in FIG.
1, respectively. The operation of the pixel circuit 1005 of FIG.
3 may be substantially the same as the operation of the pixel
circuit 100a of FIG. 1, which is described above with refer-
ence to FIGS. 2A, 2B and 2C.

[0074] The first PMOS transistor P1 and the second PMOS
transistor P2 are connected in serial between the first power
supply voltage ELVDD and a first node ND1. For example,
the first PMOS transistor P1 includes a first electrode that is
connected to the first power supply voltage ELVDD, a gate
electrode that is connected to a scan line SL, and a second
electrode. The second PMOS transistor P2 includes a first
electrode that is connected to the second electrode of the first
PMOS transistor P1, a gate electrode that is connected to a
first data line DL1, and a second electrode that is connected to
the first node ND1. The first PMOS transistor P1 and the
second PMOS transistor P2 may form a first path to selec-
tively provide the first power supply voltage ELVDD to the
first node ND1 in response to a scan signal SC and a first data
signal D1.

[0075] Referring to FIG. 4, a pixel circuit 100¢ includes a
first PMOS transistor P1, a second PMOS transistor P2, a
third PMOS transistor P3, a fourth PMOS transistor P4, a fifth
PMOS transistor P5, a storage capacitor Cst and an organic
light emitting diode EL.

[0076] In an example embodiment of FIG. 4, a second
voltage VI may have a level that is substantially the same as
a level of a second power supply voltage ELVSS. Thus, the
third PMOS transistor P3 in FIG. 4 may have a structure
different from a structure of the third PMOS transistor P3 in
FIG. 1. The other transistors P1, P2, P4 and P5, the storage
capacitor Cst and the organic light emitting diode EL in FIG.
4 may be substantially the same as the transistors P1, P2, P4
and P5, the storage capacitor Cst and the organic light emit-
ting diode EL in FIG. 1, respectively. The operation of the
pixel circuit 100¢ of FIG. 4 may be substantially the same as
the operation of the pixel circuit 100a of FIG. 1, which is
described above with reference to FIGS. 2A, 2B and 2C.
[0077] The third PMOS transistor P3 and the fourth PMOS
transistor P4 are connected in serial between the second
power supply voltage ELVSS and a first node ND1. For
example, the third PMOS transistor P3 includes a first elec-
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trode that is connected to the second power supply voltage
ELVSS, a gate electrode that is connected to a scan line SL,
and a second electrode. The fourth PMOS transistor P4
includes a first electrode that is connected to the second
electrode of the third PMOS transistor P3, a gate electrode
that is connected to a second data line DL2, and a second
electrode that is connected to the first node ND1. The third
PMOS transistor P3 and the fourth PMOS transistor P4 may
form a second path to selectively provide the second power
supply voltage ELVSS to the first node ND1 in response to a
scan signal SC and a second data signal D2.

[0078] Referring to FIG. 5, a pixel circuit 1004 includes a
first PMOS transistor P1, a second PMOS transistor P2, a
third PMOS transistor P3, a fourth PMOS transistor P4, a fifth
PMOS transistor P5, a storage capacitor Cst and an organic
light emitting diode EL.

[0079] Inanexample embodiment of FIG. 5, a first voltage
VH may have a level that is substantially the same as a level
of a first power supply voltage ELVDD, and a second voltage
VL may have a level that is substantially the same as a level of
a second power supply voltage ELVSS. Thus, the first and
third PMOS transistors P1, P3 in FIG. 5 may have structures
different from structures of the first and third PMOS transis-
tors P1, P3 in FIG. 1. The other transistors P2, P4 and P5, the
storage capacitor Cst and the organic light emitting diode EL
in FIG. 5 may be substantially the same as the transistors P2,
P4 and P5, the storage capacitor Cst and the organic light
emitting diode EL in FIG. 1, respectively. The operation of
the pixel circuit 1004 of FIG. 5 may be substantially the same
as the operation of the pixel circuit 100a of FIG. 1, which is
described above with reference to FIGS. 2A, 2B and 2C.
[0080] The first PMOS transistor P1 and the second PMOS
transistor P2 are connected in serial between the first power
supply voltage ELVDD and a first node ND1. For example,
the first PMOS transistor P1 includes a first electrode that is
connected to the first power supply voltage ELVDD, a gate
electrode that is connected to a scan line SL, and a second
electrode. The second PMOS transistor P2 includes a first
electrode that is connected to the second electrode of the first
PMOS transistor P1, a gate electrode that is connected to a
first data line DL1, and a second electrode that is connected to
the first node ND1. The first PMOS transistor P1 and the
second PMOS transistor P2 may form a first path to selec-
tively provide the first power supply voltage ELVDD to the
first node ND1 in response to a scan signal SC and a first data
signal D1.

[0081] The third PMOS transistor P3 and the fourth PMOS
transistor P4 are connected in serial between the second
power supply voltage ELVSS and the first node ND1. For
example, the third PMOS transistor P3 includes a first elec-
trode that is connected to the second power supply voltage
ELVSS, a gate electrode that is connected to the scan line SL,
and a second electrode. The fourth PMOS transistor P4
includes a first electrode that is connected to the second
electrode of the third PMOS transistor P3, a gate electrode
that is connected to a second data line DL2, and a second
electrode that is connected to the first node ND1. The third
PMOS transistor P3 and the fourth PMOS transistor P4 may
form a second path to selectively provide the second power
supply voltage ELVSS to the firstnode ND1 in response to the
scan signal SC and a second data signal D2.

[0082] As described above with reference to FIGS. 3, 4 and
5, the first voltage VH may be replaced with the first power
supply voltage ELVDD and/or the second voltage VL may be
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replaced with the second power supply voltage ELVSS. Thus,
an organic light emitting display device including at least one
of the pixel circuits 1005, 100¢ and 1004 may be imple-
mented without additional elements for providing at least one
of the first voltage VH and the second voltage VL.

[0083] FIG. 6is a circuit diagram illustrating a pixel circuit
according to example embodiments.

[0084] Referring to FIG. 6, a pixel circuit 100e includes a
first n-type metal oxide semiconductor (NMOS) transistor
N1, a second NMOS transistor N2, a third NMOS transistor
N3, a fourth NMOS transistor N4, a fifth NMOS transistor
N5, a storage capacitor Cst and an organic light emitting
diode EL. The pixel circuit 100e may have a 5ST-1C structure.
[0085] The first NMOS transistor N1 and the second
NMOS transistor N2 are connected in serial between a first
voltage VH and a first node ND1. For example, the first
NMOS transistor N1 includes a first electrode (e.g., a drain
electrode) that is connected to the first voltage VH, a gate
electrode that is connected to a scan line SL, and a second
electrode (e.g., a source electrode). The second NMOS tran-
sistor N2 includes a first electrode (e.g., a drain electrode) that
is connected to the second electrode of the first NMOS tran-
sistor N1, a gate electrode that is connected to a first data line
DL1, and a second electrode (e.g., a source electrode) that is
connected to the first node ND1. The first NMOS transistor
N1 and the second NMOS transistor N2 may form a first path
to selectively provide the first voltage VH to the first node
ND1 in response to a scan signal SC that is received from the
scan line SL and a first data signal D1 that is received from the
first data line DL1.

[0086] The third NMOS transistor N3 and the fourth
NMOS transistor N4 are connected in serial between a second
voltage VL and the first node ND1. For example, the third
NMOS transistor N3 includes a first electrode (e.g., a drain
electrode) that is connected to the second voltage VL, a gate
electrode that is connected to the scan line SL, and a second
electrode (e.g., a source electrode). The fourth NMOS tran-
sistor N4 includes a first electrode (e.g., a drain electrode) that
is connected to the second electrode of the third NMOS
transistor N3, a gate electrode that is connected to a second
data line DL2, and a second electrode (e.g., a source elec-
trode) that is connected to the first node ND1. The third
NMOS transistor N3 and the fourth NMOS transistor N4 may
form a second path to selectively provide the second voltage
VL to the first node ND1 in response to the scan signal SC and
a second data signal D2 that is received from the second data
line DL2.

[0087] The first voltage VH may have a level higher than a
level of the second voltage VL. In some embodiments, as will
be described later with reference to FIGS. 8 and 10, the level
ofthe first voltage VH may be substantially the same as a level
of a first power supply voltage ELVDD. In some embodi-
ments, as will be described later with reference to FIGS. 9 and
10, the level of the second voltage VL may be substantially
the same as a level of a second power supply voltage ELVSS.
[0088] The organic light emitting diode EL is connected
between the first power supply voltage ELVDD and the fifth
NMOS transistor N5. For example, the organic light emitting
diode EL includes an anode electrode that is connected to the
first power supply voltage ELVDD, and a cathode electrode
that is connected to a first electrode of the fifth NMOS tran-
sistor N5.

[0089] The fifth NMOS transistor N5 includes a first elec-
trode (e.g., a drain electrode) that is connected to the cathode
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electrode of the organic light emitting diode EL, a gate elec-
trode that is connected to the first node ND1, and a second
electrode (e.g., a source electrode) that is connected to the
second power supply voltage ELVSS. The fifth NMOS tran-
sistor N5 may operate as a driving transistor that controls a
current flowing through the organic light emitting diode EL.
[0090] The storage capacitor Cst is connected between the
first node ND1 and the second electrode of the fifth NMOS
transistor N5. For example, the storage capacitor Cst includes
a first electrode that is connected to the first node ND1, and a
second electrode connected to the second electrode of the
fifth NMOS transistor N5.

[0091] Inexampleembodiments, the pixel circuit 100e may
be included in an organic light emitting display device that
sequentially displays a previous frame and a current frame.
Previous data of the pixel circuit 100e may correspond to the
previous frame, and current data of the pixel circuit 100e may
correspond to the current frame. When the current data that is
provided to the pixel circuit 100¢ is substantially the same as
the previous data that was previously stored in the storage
capacitor Cst, the current data may not be stored in the storage
capacitor Cst, the previous data in the storage capacitor Cst
may be maintained, and the organic light emitting display
device may display the current frame based on the previous
data. When the current data is different from the previous
data, the previous data in the storage capacitor Cst may be
changed into the current data, and the organic light emitting
display device may display the current frame based on the
current data.

[0092] Hereinafter, operations of the pixel circuit accord-
ing to example embodiments will be explained in detail with
reference to FIGS. 7A, 7B and 7C.

[0093] FIGS. 7A, 7B and 7C are diagrams for describing
operations of the pixel circuit of FIG. 6. FIG. 7A is a timing
diagram illustrating an operation of the pixel circuit 100e
when the current data is substantially the same as the previous
data. FIGS. 7B and 7C are timing diagrams illustrating opera-
tions of the pixel circuit 100e when the current data is differ-
ent from the previous data.

[0094] Referring to FIGS. 6 and 7A, when the current data
is substantially the same as the previous data, the previous
data in the storage capacitor Cst may be maintained.

[0095] During a time period for storing data in the storage
capacitor Cst (e.g., from time t1 to time t2), the scan signal SC
is activated to have a high voltage level, and the first and third
NMOS transistors N1, N3 are turned on. The first data signal
D1 is deactivated to have a low voltage level, and the second
NMOS transistor N2 is turned off. The second data signal D2
is deactivated to have the low voltage level, and the fourth
NMOS transistor N4 is turned off. Both the first and second
paths are disabled, and both the first voltage VH and the
second voltage VL are notapplied to the first node ND1. Thus,
the previous data that was previously stored in the storage
capacitor Cst is maintained. During a light emitting period
after time 12, the organic light emitting diode EL is driven
based on the previous data in the storage capacitor Cst.
[0096] Referring to FIGS. 6 and 7B, when the current data
is different from the previous data (e.g., when the previous
data corresponds to the logic low level and the current data
corresponds to the logic high level), the previous data in the
storage capacitor Cst may be changed into the current data.
[0097] Duringthe time period for storing data in the storage
capacitor Cst (e.g., from time t1 to time t2), the scan signal SC
is activated to have the high voltage level, and the first and
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third NMOS transistors N1, N3 are turned on. The second
data signal D2 is deactivated to have the low voltage level, and
the fourth NMOS transistor N4 is turned off. During a time
period from time t3 to time t4, the first data signal D1 is
activated to have the high voltage level, and the second
NMOS transistor N2 is turned on. The first path is enabled,
the second path is disabled, and the first voltage VH is applied
to the first node ND1. Thus, the previous data that was pre-
viously stored in the storage capacitor Cst is changed into the
current data corresponding to the logic high level. During the
light emitting period after time t2, the organic light emitting
diode EL is driven based on the current data in the storage
capacitor Cst.

[0098] Referring to FIGS. 6 and 7C, when the current data
is different from the previous data (e.g., when the previous
data corresponds to the logic high level and the current data
corresponds to the logic low level), the previous data in the
storage capacitor Cst may be changed into the current data.
[0099] During the time period for storing datain the storage
capacitor Cst (e.g., from time t1 to time t2), the scan signal SC
is activated to have the high voltage level, and the first and
third NMOS transistors N1, N3 are turned on. The first data
signal D1 is deactivated to have the low voltage level, and the
second NMOS transistor N2 is turned off. During the time
period from time 3 to time t4, the second data signal D2 is
activated to have the high voltage level, and the fourth NMOS
transistor N4 is turned on. The first path is disabled, the
second path is enabled, and the second voltage VL is applied
to the first node ND1. Thus, the previous data that was pre-
viously stored in the storage capacitor Cst is changed into the
current data corresponding to the logic low level. During the
light emitting period after time t2, the organic light emitting
diode EL is driven based on the current data in the storage
capacitor Cst.

[0100] In some embodiments, in FIG. 7B, an activation
period of the first NMOS transistor N1 may be substantially
the same as an activation period of the second NMOS tran-
sistor N2. In some embodiments, in FIG. 7C, an activation
period of the third NMOS transistor N3 may be substantially
the same as an activation period of the fourth NMOS transis-
tor N4.

[0101] FIGS. 8,9 and 10 are circuit diagrams illustrating a
pixel circuit according to example embodiments.

[0102] Referring to FIG. 8, a pixel circuit 100/ includes a
first NMOS transistor N1, a second NMOS transistor N2, a
third NMOS transistor N3, a fourth NMOS transistor N4, a
fifth NMOS transistor N5, a storage capacitor Cst and an
organic light emitting diode EL.

[0103] Inanexample embodiment of FIG. 8, a first voltage
VH may have a level that is substantially the same as a level
of a first power supply voltage ELVDD. Thus, the first NMOS
transistor N1 in FIG. 8 may have a structure different from a
structure of the first NMOS transistor N1 in FIG. 6.

[0104] The first NMOS transistor N1 and the second
NMOS transistor N2 are connected in serial between the first
power supply voltage ELVDD and a first node ND1. For
example, the first NMOS transistor N1 includes a first elec-
trode that is connected to the first power supply voltage
ELVDD, a gate electrode that is connected to a scan line SL,
and a second electrode. The second NMOS transistor N2
includes a first electrode that is connected to the second
electrode of the first NMOS transistor N1, a gate electrode
that is connected to a first data line DL1, and a second elec-
trode that is connected to the first node ND1. The first NMOS
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transistor N1 and the second NMOS transistor N2 may form
a first path to selectively provide the first power supply volt-
age ELVDD to the first node ND1 in response to a scan signal
SC and a first data signal D1.

[0105] Referring to FI1G. 9, a pixel circuit 100g includes a
first NMOS transistor N1, a second NMOS transistor N2, a
third NMOS transistor N3, a fourth NMOS transistor N4, a
fifth NMOS transistor N5, a storage capacitor Cst and an
organic light emitting diode EL.

[0106] In an example embodiment of FIG. 9, a second
voltage VL. may have a level that is substantially the same as
a level of a second power supply voltage ELVSS. Thus, the
third NMOS transistor N3 in FIG. 9 may have a structure
different from a structure of the third NMOS transistor N3 in
FIG. 6.

[0107] The third NMOS transistor N3 and the fourth
NMOS ftransistor N4 are connected in serial between the
second power supply voltage ELVSS and a first node ND1.
For example, the third NMOS transistor N3 includes a first
electrode that is connected to the second power supply volt-
age ELVSS, a gate electrode that is connected to a scan line
SL, and a second electrode. The fourth NMOS transistor N4
includes a first electrode that is connected to the second
electrode of the third NMOS transistor N3, a gate electrode
that is connected to a second data line DL2, and a second
electrode that is connected to the first node ND1. The third
NMOS transistor N3 and the fourth NMOS transistor N4 may
form a second path to selectively provide the second power
supply voltage ELVSS to the first node ND1 in response to a
scan signal SC and a second data signal D2.

[0108] Referring to FIG. 10, a pixel circuit 100/ includes a
first NMOS transistor N1, a second NMOS transistor N2, a
third NMOS transistor N3, a fourth NMOS transistor N4, a
fifth NMOS transistor N5, a storage capacitor Cst and an
organic light emitting diode EL.

[0109] In an example embodiment of FIG. 10, a first volt-
age VH may have a level that is substantially the same as a
level of a first power supply voltage ELVDD, and a second
voltage VL. may have a level that is substantially the same as
a level of a second power supply voltage ELVSS. Thus, the
first and third NMOS transistors N1, N3 in FIG. 10 may have
structures different from structures of the first and third
NMOS transistors N1, N3 in FIG. 6.

[0110] The first NMOS transistor N1 and the second
NMOS transistor N2 are connected in serial between the first
power supply voltage ELVDD and a first node ND1. For
example, the first NMOS transistor N1 includes a first elec-
trode that is connected to the first power supply voltage
ELVDD, a gate electrode that is connected to a scan line ST,
and a second electrode. The second NMOS transistor N2
includes a first electrode that is connected to the second
electrode of the first NMOS transistor N1, a gate electrode
that is connected to a first data line DL1, and a second elec-
trode that is connected to the first node ND1. The first NMOS
transistor N1 and the second NMOS transistor N2 may form
a first path to selectively provide the first power supply volt-
age ELVDD to the first node ND1 in response to a scan signal
SC and a first data signal D1.

[0111] The third NMOS transistor N3 and the fourth
NMOS transistor N4 are connected in serial between the
second power supply voltage ELVSS and the first node ND1.
For example, the third NMOS transistor N3 includes a first
electrode that is connected to the second power supply volt-
age ELVSS, a gate electrode that is connected to the scan line
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SL, and a second electrode. The fourth NMOS transistor N4
includes a first electrode that is connected to the second
electrode of the third NMOS transistor N3, a gate electrode
that is connected to a second data line DL2, and a second
electrode that is connected to the first node ND1. The third
NMOS transistor N3 and the fourth NMOS transistor N4 may
form a second path to selectively provide the second power
supply voltage ELVSS to the firstnode ND1 in response to the
scan signal SC and a second data signal D2.

[0112] FIG. 11 is a flow chart illustrating a method of
driving a pixel circuit according to example embodiments.
[0113] The method of FIG. 11 may be performed by one of
the pixel circuit 1004 of FIG. 1, the pixel circuit 1005 of FIG.
3, the pixel circuit 100c of FIG. 4, the pixel circuit 100d of
FIG. §, the pixel circuit 100e of FIG. 6, the pixel circuit 100/
of FIG. 8, the pixel circuit 100g of FIG. 9 and the pixel circuit
1007 of FIG. 10. The method of FIG. 11 may be performed by
a pixel circuit that has five transistors, one storage capacitor
and one organic light emitting diode (e.g., a 5T-1C structure).
The pixel circuit may be included in an organic light emitting
display device that sequentially displays a previous frame and
a current frame.

[0114] Referring to FIG. 11, in the method of driving the
pixel circuit according to example embodiments, it is deter-
mined whether current data is substantially the same as pre-
vious data that was previously stored in the storage capacitor
Cst (step S100). The previous data of the pixel circuit corre-
sponds to the previous frame, and the current data of the pixel
circuit corresponds to the current frame. The step S100 may
be performed by an external control circuit (not shown), such
as a timing controller in the organic light emitting display
device or a processor in an electronic system including the
organic light emitting display device.

[0115] When the current data is substantially the same as
the previous data (step S100: YES), the previous data in the
storage capacitor Cst is maintained in response to a scan
signal SC received from a scan line SL, a first data signal D1
received from a first data line DL1 and a second data signal
D2 received from a second data line DL2 (step S200). For
example, the scan signal SC may be activated, the first data
signal D1 may be deactivated, and the second data signal D2
may be deactivated. Both a first path for providing a first
voltage VH (or a first power supply voltage ELVDD) and a
second path for providing a second voltage VL (or a second
power supply voltage ELVDD) are disabled, and thus the
previous data in the storage capacitor Cst may be maintained.
[0116] When the current data is different from the previous
data (step S100: NO), the previous data in the storage capaci-
tor is changed into the current data in response to the scan
signal SC, the first voltage VH, the first data signal D1, the
second voltage VI and the second data signal D2 (step S300).
For example, the scan signal SC may be activated, and one of
the first data signal D1 and the second data signal D2 may be
selectively activated. One of the first path and the second path
may be selectively enabled, and thus the previous data in the
storage capacitor Cst may be changed into the current data.
[0117] Theorganiclight emitting diode EL is emitted based
on data stored in the storage capacitor Cst (step S400). For
example, when the previous data in the storage capacitor Cst
is maintained, the organic light emitting diode EL, may be
emitted based on the previous data. When the previous data in
the storage capacitor Cst is changed into the current data, the
organic light emitting diode EL may be emitted based on the
current data.
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[0118] Although notillustrated in FIG. 11, in the method of
driving the pixel circuit according to example embodiments,
a refresh operation may be further performed on the storage
capacitor when the data stored in the storage capacitor is
maintained over a predetermined time period.

[0119] FIG. 12 is a block diagram illustrating an organic
light emitting display device according to example embodi-
ments.

[0120] Referring to FIG. 12, an organic light emitting dis-
play device 500 includes a pixel unit 510, a scan driving unit
520, a data driving unit 530, a timing control unit 540 and a
power unit 550. In some embodiments, the scan driving unit
520, the data driving unit 530, the timing control unit 540 and
the power unit 550 may be implemented by one integrated
circuit (IC).

[0121] The pixel unit 510 is connected to the scan driving
unit 520 via a plurality of scan lines SL1, SL2, ..., SLn, and
may be connected to the data driving unit 530 via a plurality
of data line pairs DL11, DL12, DL21, DL22, . . . , DLml,
DLm2. The pixel unit 510 includes a plurality of pixel cir-
cuits. Each pixel circuit 100 may be located at crossing points
of the scan lines SL.1, SL2, . . ., SLn and the data line pairs
DL11, DL12, DL21, DL22, . . ., DLml, DLm2. Thus, the
pixel unit 510 may include n*m pixel circuits (e.g., the num-
ber of pixel circuits is n*m). The pixel unit 510 may receive a
first power supply voltage ELVDD and a second power sup-
ply voltage ELVSS from the power unit 550. In some embodi-
ments, the pixel unit 510 may further receive a first voltage
VH and a second voltage VL from the power unit 550.
[0122] The scan driving unit 520 provides a scan signal to
each pixel circuit 100 via a respective one of the scan lines
SL1,SL2, ..., SLn. The data driving unit 530 provides a first
data signal and a second data signal to each pixel circuit 100
via a respective one of the data line pairs DL.11, DL12, DL21,
DL22,...,DLml, DLm2.

[0123] The timing control unit 540 controls the scan driv-
ing unit 520, the data driving unit 530 and the power unit 550
by generating and providing a plurality of timing control
signals CTL1, CTL2 and CTL3 to the scan driving unit 520,
the data driving unit 530 and the power unit 550, respectively.
In some embodiments, the timing control unit 540 may deter-
mine whether current data corresponding to a current frame is
substantially the same as previous data corresponding to a
previous frame, and may perform a refresh operation on each
pixel circuit when data stored in each pixel circuit is main-
tained over a predetermined time period.

[0124] The power unit 550 provides the first power supply
voltage ELVDD and the second power supply voltage to each
pixel circuit 100. The power unit 550 may further provide the
first voltage VH and the second voltage VL to each pixel
circuit 100.

[0125] Each pixel circuit 100 may be one of the pixel circuit
100a of FIG. 1, the pixel circuit 1005 of FIG. 3, the pixel
circuit 100¢ of FIG. 4, the pixel circuit 1004 of FIG. 5, the
pixel circuit 100e of FIG. 6, the pixel circuit 100/ of FIG. 8,
the pixel circuit 100g of FIG. 9 and the pixel circuit 100% of
FIG. 10. Each pixel circuit 100 may have five transistors, one
storage capacitor and one organic light emitting diode (e.g., a
5T-1C structure). Each pixel circuit 100 may be connected to
a respective one of the scan lines SL1, SL.2, . ..,SLnand a
respective one of the data line pairs DL11, DL12, DL21,
DL22,...,DLml, DLm2. For example, a first pixel circuit
may be connected a first scan line SL1 and a first data line pair
DL11, DL12.
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[0126] Each pixel circuit 100 may operate based ona digital
driving scheme such that a gray level of the pixel circuit is
controlled by adjusting a light emitting time. Each pixel cir-
cuit 100 may maintain the previous data in the storage capaci-
tor Cst when the current data is substantially the same as the
previous data, and may drive the organic light emitting diode
EL based on the previous data. Each pixel circuit 100 may
change the previous data in the storage capacitor Cst into the
current data when the current data is different from the pre-
vious data, and may drive the organic light emitting diode EL
based on the current data. Thus, each pixel circuit 100 may
have relatively low power consumption for charging and dis-
charging a data line, and the organic light emitting display
device 500 including the pixel circuits may have relatively
low power consumption.

[0127] FIG. 13 is a block diagram illustrating an electronic
system having an organic light emitting display device
according to example embodiments.

[0128] Referringto FIG. 13, anelectronic system 1000 may
include a processor 1010, a memory device 1020, a storage
device 1030, an input/output (I/O) device 1040, a power
supply 1050, and an organic light emitting display device
1060. The electronic system 1000 may further include a plu-
rality of ports for communicating a video card, a sound card,
a memory card, a universal serial bus (USB) device, other
electronic systems, etc.

[0129] The processor 1010 may perform various comput-
ing functions. The processor 1010 may be for example, a
microprocessor, a central processing unit (CPU), etc. The
processor 1010 may be connected to other components via an
address bus, a control bus, a data bus, etc. Further, the pro-
cessor 1010 may be coupled to an extended bus such as a
peripheral component interconnection (PCI) bus.

[0130] The memory device 1020 may store data for opera-
tions of the electronic system 1000. For example, the memory
device 1020 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 (PoORAM) 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.

[0131] The storage device 1030 may be, for example, a
solid state drive device, a hard disk drive device, a CD-ROM
device, etc. The 1/0 device 1040 may be, for example, an
input device such as a keyboard, a keypad, a mouse, a touch
screen, etc, and/or an output device such as a printer, a
speaker, etc. In some embodiments, the organic light emitting
display device 1060 may be included as the output device in
the I/O device 1040. The power supply 1050 may provide a
power for operations of the electronic system 1000. The
organic light emitting display device 1060 may communicate
with other components via the buses or other communication
links.

[0132] The organic light emitting display device 1060 may
be the organic light emitting display device 500 of FIG. 12.
The organic light emitting display device 1060 may include a
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plurality of pixel circuits. Each pixel circuit may be one of the
pixel circuit 100a of FIG. 1, the pixel circuit 1005 of FIG. 3,
the pixel circuit 100c of FIG. 4, the pixel circuit 1004 of FIG.
5, the pixel circuit 100e of FIG. 6, the pixel circuit 100f of
FIG. 8, the pixel circuit 100g of FIG. 9 and the pixel circuit
1007 of FIG. 10. Each pixel circuit may have five transistors,
one storage capacitor and one organic light emitting diode
(e.g., a ST-1C structure), and may operate based on the digital
driving scheme. Fach pixel circuit 100 may maintain the
previous data in the storage capacitor Cst when the current
data is substantially the same as the previous data, and may
drive the organic light emitting diode EL based on the previ-
ous data. Each pixel circuit 100 may change the previous data
in the storage capacitor Cst into the current data when the
current data is different from the previous data, and may drive
the organic light emitting diode EL based on the current data.
Accordingly, the pixel circuits, the organic light emitting
display device 1060 including the pixel circuits, and the elec-
tronic system 1000 including the organic light emitting dis-
play device 1060 may have relatively low power consump-
tion.

[0133] In some embodiments, the processor 1010 may
determine whether current data corresponding to a current
frame is substantially the same as previous data correspond-
ing to a previous frame, and may perform a refresh operation
on each pixel circuit when data stored in each pixel circuit is
maintained over a predetermined time period.

[0134] Thepresent embodiments may be applied to an elec-
tronic system having an organic light emitting display device.
For example, the present embodiments may be applied to a
television, a computer monitor, a laptop, a digital camera, a
cellular phone, a smart phone, a personal digital assistant
(PDA), a portable multimedia player (PMP), a MP3 player, a
navigation system, a video phone, etc.

[0135] 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 in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the present embodiments. Accordingly, all such modifica-
tions are intended to be included within the scope of the
present embodiments as defined in the claims. Therefore, it is
to be understood that the foregoing is illustrative of various
example embodiments and is not to be construed as limited to
the specific example embodiments disclosed, and that modi-
fications to the disclosed example embodiments, as well as
other example embodiments, are intended to be included
within the scope of the appended claims.

What is claimed is:

1. A pixel circuit, comprising:

a first p-type metal oxide semiconductor (PMOS) transis-
tor having a first electrode connected to a first voltage, a
gate electrode connected to a scan line, and a second
electrode;

a second PMOS transistor having a first electrode con-
nected to the second electrode of the first PMOS tran-
sistor, a gate electrode connected to a first data line, and
a second electrode connected to a first node;

a third PMOS transistor having a first electrode connected
to a second voltage, a gate electrode connected to the
scan line, and a second electrode;

afourth PMOS transistor having a first electrode connected
to the second electrode of the third PMOS transistor, a
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gate electrode connected to a second data line, and a
second electrode connected to the first node;

a fifth PMOS transistor having a first electrode connected
to a first power supply voltage, a gate electrode con-
nected to the first node, and a second electrode;

a storage capacitor having a first electrode connected to the
first node, and a second electrode connected to the first
electrode of the fifth PMOS transistor; and

an organic light emitting diode having an anode electrode
connected to the second electrode of the fifth PMOS
transistor, and a cathode electrode connected to a second
power supply voltage.

2. The pixel circuit of claim 1,

wherein the pixel circuit is included in an organic light
emitting display device that sequentially displays a pre-
vious frame and a current frame, previous data of the
pixel circuit corresponds to the previous frame, and cur-
rent data of the pixel circuit corresponds to the current
frame,

wherein when the current data is substantially the same as
the previous data that was previously stored in the stor-
age capacitor, the previous data in the storage capacitor
is maintained, and wherein when the current data is
different from the previous data, the previous data in the
storage capacitor is changed into the current data.

3. The pixel circuit of claim 2, wherein when the current
data is substantially the same as the previous data, the first and
third PMOS transistors are turned on in response to a scan
signal received from the scan line, and the second and fourth
PMOS transistors are turned off in response to a first data
signal received from the first data line and a second data signal
received from the second data line.

4. The pixel circuit of claim 3, wherein when the current
data is substantially the same as the previous data, the scan
signal has a low voltage level, and each of the first and second
data signals has a high voltage level.

5. The pixel circuit of claim 2, wherein when the current
data is different from the previous data, the first and third
PMOS transistors are turned on in response to a scan signal
received from the scan line, and one of the second and fourth
PMOS transistors is selectively turned on in response to a first
data signal received from the first data line and a second data
signal received from the second data line.

6. The pixel circuit of claim 5, wherein when the previous
data corresponds to a logic low level and the current data
corresponds to a logic high level, the scan signal has a low
voltage level, the first data signal has the low voltage level to
turn on the second PMOS transistor, and the second data
signal has a high voltage level to turn off the fourth PMOS
transistor.

7. The pixel circuit of claim 5, wherein when the previous
data corresponds to a logic high level and the current data
corresponds to a logic low level, the scan signal has a low
voltage level, the first data signal has a high voltage level to
turn off the second PMOS transistor, and the second data
signal has the low voltage level to turn on the fourth PMOS
transistor.

8. The pixel circuit of claim 1, wherein the first voltage has
a level that is substantially the same as a level of the first
power supply voltage.

9. The pixel circuit of claim 1, wherein the second voltage
has a level that is substantially the same as a level of the
second power supply voltage.
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10. A pixel circuit, comprising;

a first n-type metal oxide semiconductor (NMOS) transis-
tor having a first electrode connected to a first voltage, a
gate electrode connected to a scan line, and a second
electrode;

a second NMOS transistor having a first electrode con-
nected to the second electrode of the first NMOS tran-
sistor, a gate electrode connected to a first data line, and
a second electrode connected to a first node;

a third NMOS transistor having a first electrode connected
to a second voltage, a gate electrode connected to the
scan line, and a second electrode;

a fourth NMOS transistor having a first electrode con-
nected to the second electrode of the third NMOS tran-
sistor, a gate electrode connected to a second data line,
and a second electrode connected to the first node;

an organic light emitting diode having an anode electrode
connected to a first power supply voltage, and a cathode
electrode;

a fifth NMOS transistor having a first electrode connected
to the cathode electrode of the organic light emitting
diode, a gate electrode connected to the first node, and a
second electrode connected to a second power supply
voltage; and

astorage capacitor having a first electrode connected to the
first node, and a second electrode connected to the sec-
ond electrode of the fifth NMOS transistor.

11. The pixel circuit of claim 10,

wherein the pixel circuit is included in an organic light
emitting display device that sequentially displays a pre-
vious frame and a current frame, previous data of the
pixel circuit corresponds to the previous frame, and cur-
rent data of the pixel circuit corresponds to the current
frame,

wherein when the current data is substantially the same as
the previous data that was previously stored in the stor-
age capacitor, the previous data in the storage capacitor
is maintained, and wherein when the current data is
different from the previous data, the previous data in the
storage capacitor is changed into the current data.

12. The pixel circuit of claim 11, wherein when the current
data is substantially the same as the previous data, the firstand
third NMOS transistors are turned on in response to a scan
signal received from the scan line, and the second and fourth
NMOS transistors are turned off in response to a first data
signal received from the first data line and a second data signal
received from the second data line.

13. The pixel circuit of claim 12, wherein when the current
data is substantially the same as the previous data, the scan
signal has a high voltage level, and each ofthe first and second
data signals has a low voltage level.

14. The pixel circuit of claim 11, wherein when the current
data is different from the previous data, the first and third
NMOS transistors are turned on in response to a scan signal
received from the scan line, and one of the second and fourth
NMOS transistors is selectively turned on in response to a
first data signal received from the first data line and a second
data signal received from the second data line.

15. The pixel circuit of claim 14, wherein when the previ-
ous data corresponds to a logic low level and the current data
corresponds to a logic high level, the scan signal has a high
voltage level, the first data signal has the high voltage level to
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turn on the second NMOS transistor, and the second data
signal has a low voltage level to turn off the fourth NMOS
transistor.

16. The pixel circuit of claim 14, wherein when the previ-
ous data corresponds to a logic high level and the current data
corresponds to a logic low level, the scan signal has a high
voltage level, the first data signal has a low voltage level to
turn off the second NMOS transistor, and the second data
signal has the high voltage level to turn on the fourth NMOS
transistor.

17. The pixel circuit of claim 10, wherein the first voltage
has a level that is substantially the same as a level of the first
power supply voltage.

18. The pixel circuit of claim 10, wherein the second volt-
age has a level that is substantially the same as a level of the
second power supply voltage.

19. An organic light emitting display device, comprising:

a pixel unit having a plurality of pixel circuits;

a scan driving unit configured to provide a scan signal to
each pixel circuit;

a data driving unit configured to provide a first data signal
d a second data signal to each pixel circuit;

a power unit configured to provide a first power supply
voltage and a second power supply voltage to each pixel
circuit; and

atiming control unit configured to control the scan driving
unit, the data driving unit and the power unit,

wherein each pixel circuit includes:

a first p-type metal oxide semiconductor (PMOS) tran-
sistor having a first electrode connected to a first volt-
age, a gate electrode connected to a scan line, and a
second electrode;

a second PMOS transistor having a first electrode con-
nected to the second electrode of the first PMOS tran-
sistor, a gate electrode connected to a first data line,
and a second electrode connected to a first node;

a third PMOS transistor having a first electrode con-
nected to a second voltage, a gate electrode connected
to the scan line, and a second electrode;

a fourth PMOS transistor having a first electrode con-
nected to the second electrode of the third PMOS
transistor, a gate electrode connected to a second data
line, and a second electrode connected to the first
node;

a fifth PMOS ftransistor having a first electrode con-
nected to the first power supply voltage, a gate elec-
trode connected to the first node, and a second elec-
trode;

a storage capacitor having a first electrode connected to
the first node, and a second electrode connected to the
first electrode of the fifth PMOS transistor; and

an organic light emitting diode having an anode elec-
trode connected to the second electrode of the fifth
PMOS transistor, and a cathode electrode connected
to the second power supply voltage.

20. The pixel circuit of claim 19,

wherein the organic light emitting display device sequen-
tially displays a previous frame and a current frame,
previous data of each pixel circuit corresponds to the
previous frame, and current data of each pixel circuit
corresponds 1o the current frame,

wherein when the current data is substantially the same as
the previous data that was previously stored in the stor-
age capacitor of each pixel circuit, the previous data in
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the storage capacitor of each pixel circuit is maintained,
and wherein when the current data is different from the
previous data, the previous data in the storage capacitor
of each pixel circuit is changed into the current data.
21. A method of driving a pixel circuit including a storage
capacitor and an organic light emitting diode, the pixel circuit
being included in an organic light emitting display device that
sequentially displays a previous frame and a current frame,
the method comprising:
determining whether current data is substantially the same
as previous data that was previously stored in the storage
capacitor, the previous data of the pixel circuit corre-
sponding to the previous frame, and the current data of
the pixel circuit corresponding to the current frame;
wherein when the current data is substantially the same as
the previous data, maintaining the previous data in the
storage capacitor in response to a scan signal received
from a scan line, a first data signal received from a first
datalineand a second data signal received from a second
data line;
wherein when the current data is different from the previ-
ous data, changing the previous data in the storage
capacitor into the current data in response to the scan
signal, a first voltage, the first data signal, a second
voltage and the second data signal; and
emitting the organic light emitting diode based on data
stored in the storage capacitor.
22. The method of claim 21, further comprising:
wherein when the data stored in the storage capacitor is
maintained over a predetermined time period, perform-
ing a refresh operation on the storage capacitor.
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