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7) ABSTRACT

An organic light-emitting display apparatus includes an
organic light-emitting diode, a switching transistor, a first
light emission control transistor, and a driving transistor. The
organic light-emitting diode includes an anode and a cathode
for receiving a reference voltage. The switching transistor
includes a gate electrode for receiving an nth scan signal and
a source electrode for receiving a data signal, and is an
NMOS transistor. The first light emission control transistor
includes a gate electrode for receiving a light emission
control signal, and is configured to turn on upon receiving
the light emission control signal to determine a timing of
flow of a driving current to the organic light-emitting diode,
and is a PMOS transistor. The driving transistor is connected

G09G 3/3233 (2006.01) to the switching transistor and the first light emission control
HOIL 27/32 (2006.01) transistor and provides the driving current to the organic
HOIL 29/786 (2006.01) light-emitting diode.
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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. non-provisional patent application
claims priority under 35 U.S.C. § 119 of Korean Patent
Application No. 10-2017-0002483, filed on Jan. 6, 2017, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND

[0002] The present disclosure herein relates to an organic
light-emitting display apparatus, and more particularly, to an
organic light-emitting display apparatus having two or more
different transistors within one pixel.

[0003] An organic light-emitting display apparatus
includes a plurality of pixels. Each pixel includes an organic
light-emitting diode and a circuit unit for controlling the
organic light-emitting diode. The circuit unit includes at
least a control transistor, a driving transistor, and a storage
capacitor.

[0004] The organic light-emitting diode includes an
anode, a cathode, and an organic light-emitting layer dis-
posed between the anode and the cathode. The organic
light-emitting diode emits light when a voltage higher than
a threshold voltage of the organic light-emitting layer is
applied between the anode and the cathode.

SUMMARY

[0005] The present disclosure provides a technology for
improving power consumption of a display apparatus with-
out deteriorating display quality thereof by configuring
transistors of a pixel such that the transistors have relatively
high mobility and reliability and also have a relatively low
leakage current.

[0006] The present disclosure also provides a technology
for accurately displaying a low gray-scale image.

[0007] An embodiment of the inventive concept provides
an organic light-emitting display apparatus including an
organic light-emitting diode, a switching transistor, a first
light emission control transistor, and a driving transistor.
[0008] In anembodiment, the organic light-emitting diode
may include an anode and a cathode for receiving a refer-
ence voltage.

[0009] In an embodiment, the switching transistor may
include a gate electrode for receiving an nth scan signal and
a source electrode for receiving a data signal, and may be an
NMOS transistor.

[0010] In an embodiment, the first light emission control
transistor may include a gate electrode for receiving a light
emission control signal and may be configured to turn on
upon receiving the light emission control signal to determine
a timing of flow of a driving current to the organic light-
emitting diode, and may be a PMOS transistor. In an
embodiment, the driving transistor may be connected to the
switching transistor and the first light emission control
transistor and may provide the driving current to the organic
light-emitting diode.

[0011] In an embodiment, the first light emission control
transistor may be configured to turn on during a light
emission period of the light emission control signal having
a low level.
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[0012] In an embodiment, the driving transistor may be a
PMOS transistor.

[0013] In an embodiment, the organic light-emitting dis-
play apparatus may further include a second light emission
control transistor including a gate electrode for receiving the
light emission control signal, a source electrode connected
to the driving transistor, and a drain electrode connected to
the anode of the organic light-emitting diode, and may be
configured to turn on upon receiving the light emission
control signal to determine, together with the first light
emission control transistor, the timing of flow of the driving
current to the organic light-emitting diode, and may be a
PMOS transistor.

[0014] In an embodiment, the first light emission control
transistor may further include a source electrode for receiv-
ing a power supply voltage and a drain electrode connected
to the driving transistor.

[0015] In an embodiment, each of the driving transistors,
the first light emission control transistor, and the second light
emission control transistor may further include a semicon-
ductor active layer having polycrystalline silicon.

[0016] In an embodiment, the switching transistor may
further include a semiconductor active layer having an oxide
semiconductor.

[0017] In an embodiment, the oxide semiconductor may
include an oxide of metal including zinc (Zn), indium (In),
gallium (Ga), tin (Sn), and titanium (T1) or mixtures of metal
including zinc (Zn), indium (In), gallium (Ga), tin (Sn), and
titanium (T1) and oxides thereof.

[0018] In an embodiment, the gate electrode of the first
light emission control transistor may be disposed on the
semiconductor active layer of the first light emission control
transistor.

[0019] In an embodiment, the first light emission control
transistor may further include an auxiliary electrode dis-
posed on the same layer as the gate electrode of the
switching transistor and overlapping the gate electrode of
the first light emission control transistor.

[0020] In an embodiment, the semiconductor active layer
of the switching transistor may be disposed on the semicon-
ductor active layer of the first light emission control tran-
sistor and the gate electrode of the first light emission control
transistor. The gate electrode of the switching transistor may
be disposed on the semiconductor active layer of the switch-
ing transistor.

[0021] In an embodiment, the gate electrode of the switch-
ing transistor may be disposed on the semiconductor active
layer of the first light emission control transistor and the gate
electrode of the first light emission control transistor. The
semiconductor active layer of the switching transistor may
be disposed on the gate electrode of the switching transistor.
[0022] In an embodiment, the organic light-emitting dis-
play apparatus may further include a compensating transis-
tor, an initializing transistor, and a bypass transistor.
[0023] In an embodiment, the compensating transistor
may include a gate electrode connected to the gate electrode
of the switching transistor, a source electrode connected to
a drain electrode of the driving transistor, and a drain
electrode connected to a gate electrode of the driving
transistor.

[0024] In an embodiment, the initializing transistor may
include a gate electrode for receiving an (n—1)th scan signal,
a source electrode connected to the gate electrode of the
driving transistor, and a drain electrode.
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[0025] In an embodiment, the bypass transistor may
include a source electrode connected to the drain electrode
of the second light emission control transistor and a drain
electrode connected to the drain electrode of the initializing
transistor.

[0026] In an embodiment, each of the compensating tran-
sistor, the initializing transistor, and the bypass transistor
may be an NMOS transistor.

[0027] In an embodiment, each of the compensating tran-
sistor, the initializing transistor, and the bypass transistor
may further include a semiconductor active layer having
polycrystalline silicon.

[0028] In an embodiment, the first light emission control
transistor, the second light emission control transistor, and
the driving transistor may have the same layer structure. The
switching transistor, the compensating transistor, the initial-
izing transistor, and the bypass transistor may have the same
layer structure.

[0029] In an embodiment of the inventive concept, an
organic light-emitting display apparatus includes an organic
light-emitting diode, a switching transistor, a first light
emission control transistor, and a driving transistor.

[0030] In an embodiment, the organic light-emitting diode
may include an anode and a cathode for receiving a refer-
ence voltage.

[0031] In an embodiment, the switching transistor may
include a gate electrode for receiving an nth scan signal, a
source electrode for receiving a data signal, and a semicon-
ductor active layer having an oxide semiconductor.

[0032] In an embodiment, the first light emission control
transistor may include a gate electrode for receiving a light
emission control signal and a semiconductor active layer
having polycrystalline silicon, and may be configured to turn
on upon receiving the light emission control signal to
determine a timing of flow of a driving current to the organic
light-emitting diode.

[0033] In an embodiment, the driving transistor may
include a semiconductor active layer having polycrystalline
silicon, may be connected to the switching transistor and the
first light emission control transistor, and may provide the
driving current to the organic light-emitting diode.

[0034] In an embodiment, the switching transistor may be
an NMOS transistor. Each of the first light emission control
transistor and the driving transistor may be a PMOS tran-
sistor.

[0035] In an embodiment, the first light emission control
transistor may be configured to turn on during a light
emission period of the light emission control signal having
a low level.

[0036] In an embodiment, the organic light-emitting dis-
play apparatus may further include a second light emission
control transistor. The second light emission control tran-
sistor may include a gate electrode for receiving the light
emission control signal, a source electrode connected to the
driving transistor, and a drain electrode connected to the
anode of the organic light-emitting diode, may be configured
to turn on upon receiving the light emission control signal to
determine, together with the first light emission control
transistor, the timing of flow of the driving current to the
organic light-emitting diode, may include a semiconductor
active layer having polycrystalline silicon, and may be a
PMOS transistor.
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[0037] In an embodiment, the first light emission control
transistor may further include a source electrode for receiv-
ing a power supply voltage and a drain electrode connected
to the driving transistor.

[0038] In an embodiment of the inventive concept, an
organic light-emitting display apparatus includes an organic
light-emitting diode, a switching transistor, a driving tran-
sistor, a first light emission control transistor, and a second
light emission control transistor.

[0039] In an embodiment, the organic light-emitting diode
may include an anode and a cathode for receiving a refer-
ence voltage.

[0040] In an embodiment, the switching transistor may
include a gate electrode for receiving an nth scan signal
having a high level during a programming period and a
source electrode for receiving a data signal, and may be
configured to turn on during the programming period.

[0041] In an embodiment, the driving transistor may be
connected to the switching transistor and may provide a
driving current to the organic light-emitting diode.

[0042] In an embodiment, the first light emission control
transistor may include a gate electrode for receiving a light
emission control signal having a low level during a light
emission period after the programming period, may be
connected between a power supply line for receiving a
power supply voltage and the driving transistor, and may be
configured to turn on during the light emission period.
[0043] In an embodiment, the second light emission con-
trol transistor may include a gate electrode for receiving the
light emission control signal, may be connected between the
driving transistor and the organic light-emitting diode, and
may be configured to turn on during the light emission
period.

[0044] In an embodiment, each of the driving transistors,
the first light emission control transistor, and the second light
emission control transistor may be a PMOS transistor. The
switching transistor may be an NMOS transistor.

BRIEF DESCRIPTION OF THE FIGURES

[0045] The accompanying drawings are included to pro-
vide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the
inventive concept and, together with the description, serve to
explain principles of the inventive concept. In the drawings:

[0046] FIG. 1 is a block diagram illustrating an organic
light-emitting display apparatus according to an embodi-
ment of the inventive concept;

[0047] FIG. 2 is an equivalent circuit diagram of a single
pixel according to an embodiment of the inventive concept;

[0048] FIG. 3 is a timing diagram of a signal applied to a
single pixel of an organic light-emitting display apparatus
according to an embodiment of the inventive concept;
[0049] FIG. 4 is a partial cross-sectional view of an
organic light-emitting display apparatus corresponding to
the pixel of FIG. 2 according to an embodiment of the
inventive concept; and

[0050] FIG. 5 is a partial cross-sectional view of an
organic light-emitting display apparatus corresponding to
the pixel of FIG. 2 according to another embodiment of the
inventive concept.
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DETAILED DESCRIPTION

[0051] Exemplary embodiments of the inventive concept
will be described below in more detail with reference to the
accompanying drawings. The inventive concept may, how-
ever, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided to facilitate one of
ordinary skill in the art in understanding the inventive
concept.

[0052] FIG. 1 is a block diagram illustrating an organic
light-emitting display apparatus according to an embodi-
ment of the inventive concept. As illustrated in FIG. 1, the
organic light-emitting display apparatus includes a signal
control unit 100, a scan driving unit 200, a data driving unit
300, and an organic light-emitting display panel DP.
[0053] The signal control unit 100 receives input image
signals (not shown), and generates image data Data by
converting the input image signals into a data format that is
compatible with a specification of an interface with the data
driving unit 300. The signal control unit 100 outputs the
image data Data and various control signals DCS and SCS.
[0054] The scan driving unit 200 receives a scan control
signal SCS from the signal control unit 100. The scan control
signal SCS may include a vertical initiation signal for
initiating operation of the scan driving unit 200 and a clock
signal for determining output times of signals. The scan
driving unit 200 generates a plurality of scan signals, and
sequentially outputs the plurality of scan signals to a plu-
rality of scan lines SL1 to SLn that will be described later.
Furthermore, the scan driving unit 200 generates a plurality
of emission control signals in response to the scan control
signal SCS, and outputs the plurality of emission control
signals to a plurality of emission lines EL1 to ELn.

[0055] Although FIG. 1 illustrates the plurality of scan
signals and the plurality of emission control signals as being
output from one scan driving unit 200, an embodiment of the
inventive concept is not limited thereto. In an embodiment
of the inventive concept, a plurality of scan driving units
may separately output the plurality of scan signals, and may
separately output the plurality of emission control signals.
Furthermore, in an embodiment of the inventive concept, a
driving circuit for generating and outputting the plurality of
scan signals may be separate from a driving circuit for
generating and outputting the plurality of emission control
signals.

[0056] The data driving unit 300 receives a data control
signal DCS and the image data Data from the signal control
unit 100. The data driving unit 300 converts the image data
Data into data signals, and outputs the data signals to a
plurality of data lines DL1 to DLm, which will be described
later. The data signals are analog voltages corresponding to
gradation values of the image data Data.

[0057] The organic light-emitting display panel DP
includes the plurality of scan lines SL1 to SLn, the plurality
of emission lines EL1 to ELn, the plurality of data lines DL.1
to DLm, and a plurality of pixels PX. The plurality of scan
lines SL.1 to SLn extend in a first direction DR1 and are
arranged in a second direction DR2 perpendicular to the first
direction. Each of the plurality of emission lines EL1 to ELn
may be arranged in parallel with a corresponding scan line
among the plurality of scan lines SL.1 to SLn. The plurality
of data lines DL1 to DLm insulatively intersect the plurality
of scan lines SL1 to SLn.
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[0058] Each pixel PX is connected to a corresponding scan
line among the plurality of scan lines SL1 to SLn, a
corresponding emission line among the plurality of emission
lines EL1 to ELn, and a corresponding data line among the
plurality of data lines DI.1 to DLm. Each pixel PX receives
a power supply voltage ELVDD and a reference voltage
ELVSS lower than the power supply voltage ELVDD. Each
pixel PX is connected to a power supply line PL to which the
power supply voltage ELVDD is applied. Each pixel PX is
connected to an initialization line RL, which receives an
initialization voltage Vint.

[0059] Each pixel PX may be electrically connected to two
or more scan lines. FIG. 1 exemplarily illustrates that one
pixel PX is connected to three scan lines. For example,
pixels PX connected to the second scan line SL.2 (hereinafter
referred to as pixels of a second pixel row) may also be
connected to the first scan line SL1 and the third scan line
SL3. The pixels PX of the second pixel row receive a scan
signal applied to the first scan line SL1, a scan signal applied
to the second scan line SL.2, and a scan signal applied to the
third scan line SL.3. However, an embodiment of the inven-
tive concept is not limited thereto. For example, the pixels
PX of the second pixel row may be connected to the first
scan line SL1 and the second scan line SL.2 but not the third
scan line SL3.

[0060] Although not illustrated, a plurality of dummy scan
lines and a plurality of initialization control lines may be
further included in the organic light-emitting display panel
DP. The dummy scan lines and the initialization control lines
may receive signals applied to the scan lines SL1 to SLn.
The dummy scan lines and the initialization control lines
may be electrically connected to each other. Each dummy
scan line and each initialization control line may be electri-
cally connected to one of corresponding scan lines SL1 to
SLn.

[0061] Each pixel PX includes an organic light-emitting
diode (not shown) and a circuit unit (not shown) for con-
trolling light emission of the organic light-emitting diode.
The circuit unit may include a plurality of thin-film transis-
tors (hereinafter referred to as transistors) and a storage
capacitor. The pixels PX may include red pixels for emitting
red light, green pixels for emitting green light, and blue
pixels for emitting blue light. An organic light-emitting
diode of a red pixel, an organic light-emitting diode of a
green pixel, and an organic light-emitting diode of a blue
pixel may include organic light-emitting layers of different
materials.

[0062] The plurality of scan lines SL1 to SLn, the plurality
of emission lines EL1 to FLn, the plurality of data lines DL1
to DLm, the power supply line PL, the initialization line RL,
and the plurality of pixels PX may be formed on a base
substrate (not shown) through a photolithography process
performed multiple times. A plurality of insulating layers
may be formed on the base substrate (not shown) through a
deposition process or a coating process performed multiple
times. The insulating layers include an organic film and/or
an inorganic film. In addition, an encapsulating layer (not
shown) for protecting the pixels PX may be further formed
on the base substrate.

[0063] FIG. 2 is an equivalent circuit diagram of a single
pixel according to an embodiment of the inventive concept.
[0064] A circuit unit CRP of one pixel PX according to an
embodiment of the inventive concept includes a plurality of
transistors T1 to T7 and a storage capacitor Cst. The pixel
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PX may include an organic light-emitting diode OLED
which receives a driving current Id from the circuit unit CRP
to emit light.

[0065] Thin-film transistors T1 to T7 include a driving
transistor T1, a switching transistor T2, a compensating
transistor T3, an initializing transistor T4, a first light
emission control transistor T5, a second light emission
control transistor T6, and a bypass transistor T7.

[0066] The pixel PX includes a first scan line 14 for
transferring an nth scan signal Sn to the switching transistor
T2 and the compensating transistor T3, a second scan line 24
for transferring an (n-1)th scan signal Sn-1 to the initial-
izing transistor T4, a third scan line 34 for transferring an
(n+1)th scan signal Sn+1 to the bypass transistor T7, a light
emission line 15 for transferring a light emission control
signal En to the first light emission control transistor T5 and
the second light emission control transistor T6, a data line 16
for transferring a data signal Dm, a power supply line 26 for
transferring the power supply voltage ELVDD, and an
initialization line 22 for transferring the initialization voltage
Vint for initializing the driving transistor T1.

[0067] A gate electrode G1 of the driving transistor T1 is
connected to a first electrode C1 of the storage capacitor Cst.
A source electrode S1 of the driving transistor T1 is con-
nected to the power supply line 26 via the first light emission
control transistor T5. A drain electrode D1 of the driving
transistor T1 is electrically connected to an anode of the
organic light-emitting diode OLED via the second light
emission control transistor T6. The driving transistor T1
receives the data signal Dm according to a switching opera-
tion of the switching transistor T2 and supplies the driving
current Id to the organic light-emitting diode OLED.
[0068] A gate electrode G2 of the switching transistor T2
is connected to the first scan line 14. A source electrode S2
of the switching transistor T2 is connected to the data line
16. A drain electrode D2 of the switching transistor T2 is
connected to the source electrode S1 of the driving transistor
T1 and is connected to the power supply line 26 via the first
light emission control transistor T5. The switching transistor
T2 is turned on in response to the nth scan signal Sn received
through the first scan line 14 to perform a switching opera-
tion for transferring, to the source electrode S1 of the driving
transistor T1, the data signal Dm transferred to the data line
16.

[0069] A gate electrode G3 of the compensating transistor
T3 is connected to the first scan line 14. A source electrode
S3 of the compensating transistor T3 is connected to the
drain electrode D1 of the driving transistor T1, and is
connected to the anode of the organic light-emitting diode
OLED via the second light emission control transistor T6. A
drain electrode D3 of the compensating transistor T3 is
connected to the first electrode C1 of the storage capacitor
Cst, a source electrode S4 of the initializing transistor T4,
and the gate electrode G1 of the driving transistor T1. The
compensating transistor T3 is turned on in response to the
nth scan signal Sn received through the first scan line 14 to
connect the gate electrode G1 and the drain electrode D1 of
the driving transistor T1 to each other so that the driving
transistor T1 is diode-connected.

[0070] A gate electrode G4 of the initializing transistor T4
is connected to the second scan line 24. A drain electrode D4
of the initializing transistor T4 is connected to the initial-
ization line 22. The source electrode S4 of the initializing
transistor T4 is connected to the first electrode C1 of the
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storage capacitor Cst, the drain electrode D3 of the com-
pensating transistor T3, and the gate electrode G1 of the
driving transistor T1. The initializing transistor T4 is turned
on in response to the (n-1)th scan signal received through
the second scan line 24 to transfer the initialization voltage
Vint to the gate electrode G1 of the driving transistor T1 so
that a voltage of the gate electrode G1 of the driving
transistor T1 is initialized.

[0071] A gate electrode G5 of the first light emission
control transistor T5 is connected to the light emission line
15. The first light emission control transistor TS may be
connected between the power supply line 26 and the driving
transistor T1. A source electrode S5 of the first light emission
control transistor T5 is connected to the power supply line
26. A drain electrode D5 of the first light emission control
transistor T5 is connected to the source electrode S1 of the
driving transistor T1 and the drain electrode D2 of the
switching transistor T2. Since the light emission control
signal En is applied to the gate electrode G5 of the first light
emission control transistor T5, the first light emission con-
trol transistor T5 is turned on so that the driving current Id
flows through the organic light-emitting diode OLED. The
first light emission control transistor TS may determine a
timing of flow of the driving current Id to the organic
light-emitting diode OLED.

[0072] A gate electrode G6 of the second light emission
control transistor T6 is connected to the light emission line
15. The second light emission control transistor T6 may be
connected between the driving transistor T1 and the organic
light-emitting diode OLED. A source electrode S6 of the
second light emission control transistor T6 is connected to
the drain electrode D1 of the driving transistor T1 and the
source electrode S3 of the compensating transistor T3. A
drain electrode D6 of the second light emission control
transistor T6 is electrically connected to the anode of the
organic light-emitting diode OLED. The first light emission
control transistor T5 and the second light emission control
transistor T6 are turned on in response to the light emission
control signal En received through the light emission line 15.
Since the light emission control signal En is applied to the
gate electrode G6 of the second light emission control
transistor T6, the second light emission control transistor T6
is turned on so that the driving current Id flows through the
organic light-emitting diode OLED. The second light emis-
sion control transistor T6 may determine the timing of the
flow of the driving current Id to the organic light-emitting
diode OLED.

[0073] A gate electrode G7 of the bypass transistor T7 is
connected to the third scan line 34. A source electrode S7 of
the bypass transistor T7 is connected to the anode of the
organic light-emitting diode (OLED). A drain electrode D7
of the bypass transistor T7 is connected to the initialization
line 22. The bypass transistor T7 is turned on in response to
the (n+1)th scan signal Sn+1 received through the third scan
line 34, so as to initialize the anode of the organic light-
emitting diode OLED.

[0074] A second electrode C2 of the storage capacitor Cst
is connected to the power supply line 26. The first electrode
C1 of the storage capacitor Cst is connected to the gate
electrode G1 of the driving transistor T1, the drain electrode
D3 of the compensating transistor T3, and the source elec-
trode S4 of the initializing transistor T4.

[0075] A cathode of the organic light-emitting diode
OLED receives the reference voltage ELVSS. The organic
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light-emitting diode OLED receives the driving current Id
from the driving transistor T1 to emit light.

[0076] In an embodiment of the inventive concept, each of
the switching transistor T2, the compensating transistor T3,
the initializing transistor T4, and the bypass transistor T7 is
an n-type metal oxide semiconductor (NMOS) transistor.
Therefore, the switching transistor T2, the compensating
transistor T3, the initializing transistor T4, and the bypass
transistor T7 are turned on by positive (+) charge applied to
the gates thereof.

[0077] As described below, each of the switching transis-
tor T2, the compensating transistor T3, the initializing
transistor T4, and the bypass transistor T7 uses an oxide
semiconductor as a channel region. According to a process
for forming a transistor that has an oxide semiconductor as
a channel layer, each of the switching transistor T2, the
compensating transistor T3, the initializing transistor T4,
and the bypass transistor T7 is formed as an NMOS tran-
sistor.

[0078] In an embodiment of the inventive concept, each of
the driving transistor T1, the first light emission control
transistor T5, and the second light emission control transis-
tor T6 is a p-type metal oxide semiconductor (PMOS)
transistor. Therefore, the driving transistor T1, the first light
emission control transistor T5, and the second light emission
control transistor T6 are turned on by negative (=) charge
applied to the gates thereof.

[0079] FIG. 3 is a timing diagram of a signal applied to a
single pixel of an organic light-emitting display apparatus
according to an embodiment of the inventive concept.
[0080] Referring to FIGS. 2 and 3, the (n-1)th scan signal
Sn-1 is supplied through the second scan line 24 during an
initialization period INP. The (n-1)th scan signal Sn-1 has
a high level during the initialization period INP, which
would turn on an NMOS transistor. Since the initializing
transistor T4 is an NMOS transistor, the initializing transis-
tor T4 is turned on in response to the (n-1)th scan signal
Sn-1 having a high level. The initialization voltage Vint is
applied from the initialization line 22 to the gate electrode
G1 of the driving transistor T1 via the initializing transistor
T4, and the driving transistor T1 is initialized by the
initialization voltage Vint.

[0081] Thereafter, the nth scan signal Sn is supplied
through the first scan line 14 during a programming period
PRP. The nth scan signal Sn has a high level during the
programming period PRP, which would turn on an NMOS
transistor. Since the switching transistor T2 and the com-
pensating transistor T3 are NMOS transistors, the switching
transistor T2 and the compensating transistor T3 are turned
on in response to the nth scan signal Sn. The driving
transistor T1 is diode-connected by the compensating tran-
sistor T3 turned on, and is forward biased.

[0082] During the programming period PRP, a compen-
sation voltage (Dm+Vth, where Vth has a negative (-)
value) is applied to the gate electrode G1 of the driving
transistor T1. That is, the compensation voltage is reduced
from the data signal Dm supplied from the data line 16 by
as much as a threshold voltage Vth of the driving transistor
T1. The power supply voltage ELVDD and the compensa-
tion voltage Dm+Vth are applied to both terminals of the
storage capacitor Cst respectively, and the storage capacitor
Cst stores a quantity of charge corresponding to a difference
between voltages of both the terminals.
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[0083] Thereafter, during a light emission period EMP, the
light emission control signal En is supplied through the light
emission line 15. The light emission control signal En has a
low level during the light emission period EMP, which
would turn on a PMOS transistor. Since the first light
emission control transistor T5 and the second light emission
control transistor T6 are PMOS transistors, the first light
emission control transistor TS and the second light emission
control transistor T6 are PMOS transistors are turned on in
response to the light emission control signal En having a low
level.

[0084] During the light emission period EMP, the driving
current Id is generated in the driving transistor T1 according
to a voltage difference between a gate voltage of the gate
electrode G1 and the power supply voltage ELVDD, and the
driving current Id is supplied to the organic light-emitting
diode OLED via the second light emission control transistor
T6. During the light emission period EMP, a gate-source
voltage Vgs of the driving transistor T1 is maintained as
(Dm+Vth)-ELVDD by the storage capacitor Cst. According
to a current-voltage relation of the driving transistor T1, the
driving current Id is proportional to a square of a value
obtained by subtracting the threshold voltage from the
source-gate voltage (i.e., (Dm-ELVDD)?). That is, the driv-
ing current Id is determined regardless of the threshold
voltage Vth of the driving voltage T1.

[0085] If the organic light-emitting diode OLED emits
light even when a minimum current of the driving transistor
T1 for displaying a black image flows as the driving current,
the black image is not accurately displayed. That is, the
smaller the voltage difference between the anode and the
cathode of the organic light-emitting diode OLED the more
accurate the black image, and the larger the voltage differ-
ence between the anode and the cathode of the organic
light-emitting diode OLED, the less accurate the black
image.

[0086] The anode of the organic light-emitting diode
OLED occupies a relatively large area within the pixel PX,
and partially overlaps the transistors T1 to T7. Accordingly,
the anode of the organic light-emitting diode OLED and the
electrodes of the transistors T1 to T7 form a capacitor. Due
to voltages applied to the electrodes of the transistors T1 to
T7, avoltage level of the anode of the organic light-emitting
diode OLED may change (i.e., a capacitor coupling phe-
nomenon may occur).

[0087] As a comparative example, it is assumed that the
first light emission control transistor T5 and the second light
emission control transistor T6 are NMOS transistors, and the
light emission control signal has a high level during the light
emission period EMP. In the case of the comparative
example, the voltage level of the anode of the organic
light-emitting diode OLED may increase due to a high-level
light emission control signal applied to the gate electrode G5
of the first light emission control transistor T5 and the gate
electrode G6 of the second light emission control transistor
T6 during the light emission period EMP. When an image to
be displayed during the light emission period EMP is a black
image, the black image may not be accurately displayed due
to the increase of the anode voltage of the organic light-
emitting diode OLED caused by the coupling phenomenon.
[0088] In the organic light-emitting display apparatus
according to an embodiment of the inventive concept, some
of the transistors T1 to T7 included in the pixel PX are
formed as PMOS transistors containing polysilicon, and thus
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may have relatively high mobility and reliability. Further-
more, the other transistors are formed as NMOS transistors
containing an oxide semiconductor, and thus may have a
relatively low leakage current and may improve power
consumption.

[0089] Furthermore, in an embodiment of the inventive
concept, the first and second light emission control transis-
tors T5 and T6 are formed as PMOS transistors containing
polysilicon, and the light emission control signal En has a
low level during the light emission period EMP. Therefore,
the organic light-emitting display apparatus according to an
embodiment of the inventive concept may prevent the
voltage level of the anode of the organic light-emitting diode
OLED from increasing during the light emission period
EMP, and, particularly, may accurately display a low gray-
scale image (e.g., a black image).

[0090] Referring back to FIG. 2, the driving transistor T1
and the second light emission control transistor T6 have
substantially the same layer structure as the first light
emission control transistor T5. Furthermore, the compensat-
ing transistor T3, the initializing transistor T4, and the
bypass transistor T7 have substantially the same layer struc-
ture as the switching transistor T2.

[0091] In detail, the gate electrodes of the driving transis-
tor T1, the first light emission control transistor T5, and the
second light emission control transistor T6 are arranged on
the same layer, the source electrodes and the drain electrodes
are arranged on the same layer, and semiconductor active
layers are arranged on the same layer.

[0092] Likewise, the gate electrodes of the switching
transistor T2, the compensating transistor T3, the initializing
transistor T4, and the bypass transistor T7 are arranged on
the same layer, the source electrodes and the drain electrodes
are arranged on the same layer, and semiconductor active
layers are arranged on the same layer.

[0093] For convenience, the following figures do not
illustrate structures of the transistors within the pixel PX
except for the switching transistor T2 and the first light
emission control transistor T5, i.e., do not illustrate struc-
tures of the driving transistor T1, the compensating transis-
tor T3, the initializing transistor T4, the second light emis-
sion control transistor T6, and the bypass transistor T7.
[0094] FIG. 4 is a partial cross-sectional view of an
organic light-emitting display apparatus 1001 corresponding
to the pixel PX of FIG. 2 according to an embodiment of the
inventive concept.

[0095] FIG. 4 exemplarily illustrates the first light emis-
sion control transistor T5 and the switching transistor T2
among the seven transistors of the pixel PX.

[0096] The first light emission control transistor T5, the
switching transistor T2, the storage capacitor Cst, and the
organic light-emitting diode OLED are arranged on a base
substrate SUB.

[0097] The first light emission control transistor T5
includes the source electrode S5, the drain electrode D5, the
gate electrode G5, and a first semiconductor pattern SP1.
The switching transistor TS includes the source electrode S2,
the drain electrode D2, the gate electrode G2, and a second
semiconductor pattern SP2. The pixel PX may further
include an auxiliary electrode XE.

[0098] The first electrode C1 and the second electrode C2
of the storage capacitor Cst are spaced apart from each other
with a predetermined insulating film therebetween.
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[0099] The organic light-emitting diode OLED includes
an anode AE, a first charge control layer HCL, an emission
layer EML, a second charge control layer ECL, and a
cathode CE. In the present embodiment, the first charge
control layer HCL, the emission layer EML, and the second
charge control layer ECL may respectively correspond to a
hole control layer HCL, an emission layer EML, and an
electron control layer ECL. However, this structure is
merely an example, and cross-sectional positions of the
anode AE and the cathode CE may be switched with each
other.

[0100] The base substrate SUB may be a layer, a film, or
aplate on which the first light emission control transistor T5,
the switching transistor T2, and the storage capacitor Cst
may be arranged. The base substrate SUB may include a
plastic substrate, a glass substrate, a metal substrate, etc. The
plastic substrate may include at least one of acrylic resin,
methacrylic resin, polyisoprene, vinyl-based resin, epoxy-
based resin, urethane-based resin, cellulosic resin, siloxane
resin, polyimide-based resin, polyamide-based resin, or
perylene-based resin.

[0101] A buffer layer BFL may be disposed between an
upper surface of the base substrate SUB and the first light
emission transistor T5 and switching transistor T2. The
buffer layer BFL improves bond strength between the base
substrate SUB and conductive patterns or semiconductor
patterns. The buffer layer BFL, may include an inorganic
material and/or an organic material. Although not illustrated,
a barrier layer may be disposed on the base substrate SUB
to prevent infiltration of foreign substances. The buffer layer
BFL and the barrier layer may be optionally disposed or
omitted.

[0102] The first semiconductor layer SP1 is disposed on
the buffer layer BFL. The first semiconductor pattern SP1
may include a crystalline semiconductor material. For
example, the first semiconductor pattern SP1 may include a
polycrystalline semiconductor material such as polycrystal-
line silicon.

[0103] The first semiconductor pattern SP1 may be
divided into a first region AR11 and a third region AR13
containing impurities and a second region AR12 disposed
between the first region AR11 and the third region AR13.
The impurities may be a dopant. The first region AR11 is
connected to the source electrode S5 of the first light
emission control transistor T5, and the third region AR13 is
connected to the drain electrode D5 of the first light emission
control transistor T5.

[0104] The second region AR12 is disposed between the
first region AR11 and the third region AR13, and may
overlap the gate electrode G6 of the second light emission
control transistor T6 in a plane view. The second region
AR12 may be a channel region of the first light emission
control transistor T5.

[0105] The channel region of the first light emission
control transistor T5 may include a polycrystalline semicon-
ductor material. Accordingly, the first light emission control
transistor T5 may operate as a driving element having
improved mobility and high reliability.

[0106] A first insulating layer 10 is disposed on the first
semiconductor pattern SP1. The first insulating layer 10 may
include at least one of an inorganic material or an organic
material. For example, the first insulating layer 10 may
include a silicon nitride and/or a silicon oxide.
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[0107] The first insulating layer 10 may be disposed on the
buffer layer BFL to cover at least a part of the first semi-
conductor pattern SP1. However, this illustration is merely
an example, and the first insulating layer 10 may be an
insulating pattern overlapping the second region AR12 in a
plane view. The first insulating layer 10 according to an
embodiment of the inventive concept may have various
shapes, and is not limited to a specific embodiment.
[0108] The gate electrode G5 of the first light emission
control transistor T5 and the first electrode C1 of the storage
capacitor Cst are arranged on the first insulating layer 10.
The gate electrode G5 of the first light emission control
transistor TS and the first electrode C1 of the storage
capacitor Cst may be arranged on the same layer.

[0109] The gate electrode G5 of the first light emission
control transistor T5 overlaps the second region AR12 of the
first semiconductor pattern SP1. The gate electrode G5 of
the first light emission control transistor T5 may have the
same shape as the second region AR12 of the first semicon-
ductor pattern SP1 in a plane view.

[0110] A second insulating layer 20 is disposed on the gate
electrode G5 of the first light emission control transistor T5
and the first electrode C1 of the storage capacitor Cst. The
second insulating layer 20 is disposed on the first insulating
layer 10 to cover the gate electrode G5 of the first light
emission control transistor T3 and the first electrode C1 of
the storage capacitor Cst. The second insulating layer 20
may include an organic material and/or an inorganic mate-
rial. In an organic light-emitting display apparatus according
to an embodiment of the inventive concept, the second
insulating layer 20 may not be provided.

[0111] The second semiconductor pattern SP2 is disposed
on the second insulating layer 20. The second semiconductor
pattern SP2 may include an oxide semiconductor. For
example, the oxide semiconductor may include an oxide of
metal such as zinc (Zn), indium (In), gallium (Ga), tin (Sn),
and titanium (Ti) or mixtures of metal such as zinc (Zn),
indium (In), gallium (Ga), tin (Sn), and titanium (Ti) and
oxides thereof.

[0112] The second semiconductor pattern SP2 may be
divided into a first region AR21 and a third region AR23
containing impurities and a second region AR22 disposed
between the first region AR21 and the third region AR23.
The first region AR21 and the third region AR23 are spaced
apart from each other with the second region AR22 ther-
ebetween.

[0113] The second region AR22 may be a channel region
of the switching transistor T2. In the second semiconductor
pattern SP2, the impurities may be reduced metal materials.
The first region AR21 and the third region AR23 may
include metal materials reduced from a metal oxide included
in the second region AR22. Accordingly, the switching
transistor T2 may reduce a leakage current, and may operate
as a switching element having improved ON-OFF charac-
teristics.

[0114] A third insulating layer 30 is disposed on the
second insulating layer 20. The third insulating layer 30
includes an inorganic material and/or an organic material.
The third insulating layer 30 overlaps the gate electrode G6
of the second light emission control transistor T6é and the
first electrode C1 of the storage capacitor Cst, and exposes
at least a part of the second semiconductor pattern SP2. The
third insulating layer 30 includes a first insulating pattern 31,
which covers the second region AR22 of the second semi-
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conductor pattern SP2, and a second insulating pattern 32,
which exposes at least a part of the first and second regions
AR21 and AR23. The first insulating pattern 31 and the
second insulating pattern 32 may be formed by forming
openings that respectively expose the first region AR21 and
the third region AR23.

[0115] The gate electrode G2 of the switching transistor
T2, the auxiliary electrode XE, and the second electrode C2
of the storage capacitor Cst are arranged on the third
insulating layer 30. The gate electrode G2 of the switching
transistor T2 is disposed on the first insulating pattern 31.
Although not illustrated, the scan lines SL1 to SLn (see FIG.
1) may be arranged on the same layer as the gate electrode
G2 of the switching transistor T2.

[0116] The second electrode C2 of the storage capacitor
Cst is disposed to overlap the first electrode C1.

[0117] The gate electrode G2 of the switching transistor
T2, the auxiliary electrode XE, and the second electrode C2
of the storage capacitor Cst may be arranged on the same
layer. Furthermore, the gate electrode G2 of the switching
transistor T2, the auxiliary electrode XE, and the second
electrode C2 of the storage capacitor Cst may include the
same material.

[0118] The auxiliary electrode XE is disposed to overlap
the gate electrode G5 of the first light emission control
transistor T5. The auxiliary electrode XE may form, together
with the gate electrode G5 of the first light emission control
transistor T5, a capacitor, and the formed capacitor may be
connected in parallel to the storage capacitor Cst.

[0119] A fourth insulating layer 40 is disposed on the gate
electrode G2 of the switching transistor T2, the auxiliary
electrode XE, and the second electrode C2 of the storage
capacitor Cst. The fourth insulating layer 40 includes an
inorganic material and/or an organic material.

[0120] The source electrode S5 and the drain electrode D5
of the first light emission control transistor T5 and the source
electrode S2 and the drain electrode D2 of the switching
transistor T2 are arranged on the fourth insulating layer 40.
The source electrode S5 and the drain electrode D5 of the
first light emission control transistor T5 and the source
electrode S2 and the drain electrode D2 of the switching
transistor T2 may pass through at least a part of the first to
fourth insulating layers 10 to 40 so as to be connected to the
first semiconductor pattern SP1 or the second semiconductor
pattern SP2.

[0121] In detail, the source electrode S5 and the drain
electrode D5 of the first light emission control transistor T5
are respectively connected to the first region AR11 and the
third region AR13 of the first semiconductor pattern SP1 via
first through-holes OP1 passing through the first to fourth
insulating layers 10 to 40. The source electrode S2 and the
drain electrode D2 of the switching transistor T2 are respec-
tively connected to the first region AR21 and the third region
AR23 of the second semiconductor pattern SP2 via second
through-holes OP2 passing through the fourth insulating
layer 40. Although not illustrated, the data lines DL.1 to DLm
may be arranged on the same layer as the source electrodes
S2 and S6 and the drain electrodes D2 and D6. Accordingly,
the data lines DL1 to DLm may be directly arranged on an
upper surface of the fourth insulating layer 40.

[0122] An intermediate film ILD is disposed on the fourth
insulating layer 40. The intermediate film ILD includes an
inorganic material and/or an organic material. A third
through-hole passing through the intermediate film ILD may
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be defined in the intermediate film ILD. The third through-
hole may be defined in a region overlapping a first output
electrode OF1 (not shown).

[0123] The anode AE is disposed on the intermediate film
ILD. A pixel defining film PDL is disposed on the interme-
diate film ILD. The pixel defining film PDL may include an
inorganic film and/or an organic film. A predetermined
opening OP-PX is defined in the pixel defining film PDL.
The OP-PX exposes at least a part of the anode AE.
[0124] The first charge control layer HCL, the emission
layer EML, the second charge control layer ECL, and the
cathode CE are sequentially stacked on the anode AE. The
emission layer EML may be a light emission pattern over-
lapping the opening OP-PX. The organic light-emitting
diode OLED generates light from the emission layer EML
by using a voltage difference between the anode AE and the
cathode CE.

[0125] Although not illustrated, a display apparatus
according to an embodiment of the inventive concept may
further include an organic film and/or an inorganic film
disposed on the cathode CE.

[0126] A transistor using an oxide semiconductor as a
channel region may reduce a leakage current, and may
operate as a switching element having improved ON-OFF
characteristics. According to the organic light-emitting dis-
play apparatus 1001 according to an embodiment of the
inventive concept. power consumption may be improved by
configuring the channel regions of the switching transistor
T2, the compensating transistor T3, the initializing transistor
T4, and the bypass transistor T7, among the plurality of
transistors T1 to T7 (see FIG. 2) of one pixel PX, by using
oxide semiconductors. A transistor having an oxide semi-
conductor as a channel region operates as an NMOS tran-
sistor.

[0127] A transistor using polycrystalline silicon as a chan-
nel region may operate as a switching element having
relatively high mobility and high reliability. According to the
organic light-emitting display apparatus 1001 according to
an embodiment of the inventive concept, the first and second
light emission control transistors T5 and T6 are formed as
PMOS ftransistors, and may thus have improved mobility
and may secure high reliability.

[0128] Furthermore, the anode voltage level of the organic
light-emitting diode OLED may be prevented from increas-
ing by applying the light emission control signal En (see
FIG. 3) to the first and second light emission control
transistors T5 and T6 during the light emission period EMP
(see FIG. 3). Therefore, the organic light-emitting display
apparatus 1001 may accurately display a black image.
[0129] FIG. 5 is a partial cross-sectional view of an
organic light-emitting display apparatus 1002 corresponding
to the pixel PX of FIG. 2 according to another embodiment
of the inventive concept. The switching transistor T2 of the
organic light-emitting display apparatus 1001 described
with reference to FIG. 4 is different from a switching
transistor T2-1 of the organic light-emitting display appa-
ratus 1002 described below with reference to FIG. 5 in that
the switching transistor T2 has a top-gate structure, whereas
the switching transistor T2-1 has a bottom-gate structure, but
the switching transistor T2 and the switching transistor T2-1
are substantially the same with respect to other points.
[0130] FIG. 5 exemplarily illustrates the first light emis-
sion control transistor T5 and the switching transistor T2-1
among the seven transistors of the pixel PX. In another
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embodiment of the inventive concept, the driving transistor
T1, the first light emission control transistor TS, and the
second light emission control transistor T6 may have the
same layer structure, and the switching transistor T2-1, the
compensating transistor T3, the initializing transistor T4,
and the bypass transistor T7 may have the same layer
structure.

[0131] The switching transistor T2-1 may include a gate
electrode G2-1 disposed on the second insulating layer 20,
a second semiconductor pattern SP2-1 disposed on the
fourth insulating layer 40, and a source electrode S2-1 and
a drain electrode D2-1 arranged on the fourth insulating
layer 40. The gate electrode G2-1 may be disposed between
the second insulating layer 20 and the fourth insulating layer
40. The gate electrode G2-1 may be disposed on the same
layer as the auxiliary electrode XE1 and the second elec-
trode C2 of the storage capacitor Cst.

[0132] The second semiconductor pattern SP2-1 may be
disposed on the gate electrode G2-1. The second semicon-
ductor pattern SP2-1 overlaps the gate electrode G2-1 in a
plane view. The source electrode S2-1 and the drain elec-
trode D2-1 are arranged on the fourth insulating layer 40 so
as to partially cover the second semiconductor pattern
SP2-1. Although not illustrated, the switching transistor
T2-1 may further include an ohmic contact layer defined in
a region of the second semiconductor pattern SP2-1, which
contacts the source electrode S2-1 and the drain electrode
D2-1.

[0133] The first light emission control transistor T35
includes the first semiconductor pattern SP1 disposed on the
buffer layer BFL, the gate electrode G5 disposed on the first
insulating layer 10, and the source electrode S5 and the drain
electrode D5 arranged on the fourth insulating layer 40. The
source electrode S5 and the drain electrode D5 of the first
light emission control transistor TS may be respectively
connected to the first region AR11 and the third region AR13
of the first semiconductor pattern SP1 via openings OP3
passing through the first insulating layer 10, the second
insulating layer 20, and the fourth insulating layer 40. The
pixel PX may further include an auxiliary electrode XE1
disposed on the second insulating layer 20.

[0134] In the organic light-emitting display apparatus
1002 of FIG. 5, the gate electrode G2-1 of the switching
transistor T2-1 and the second semiconductor pattern SP2-1
are insulated by the fourth insulating layer 40. Therefore,
unlike the organic light-emitting display apparatus 1001 of
FIG. 4, the organic light-emitting display apparatus 1002 of
FIG. 5 may not be provided with the third insulating layer
30.

[0135] In an organic light-emitting display apparatus
according to an embodiment of the inventive concept, some
of the transistors included in a pixel are formed as PMOS
transistors containing polysilicon, and thus may have rela-
tively high mobility and reliability. Furthermore, the other
transistors are formed as NMOS transistors containing an
oxide semiconductor, and thus may have a relatively low
leakage current and may improve power consumption.
[0136] The organic light-emitting display apparatus
according to an embodiment of the inventive concept may
prevent the voltage level of the anode of an organic light-
emitting diode from increasing during the light emission
period, and, particularly, may accurately display a low
gray-scale image.
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[0137] Although the exemplary embodiments of the pres-
ent invention have been described, it is understood that the
present invention are not limited to these exemplary embodi-
ments but various changes and modifications can be made
by one ordinary skilled in the art within the spirit and scope
of the present invention as hereinafter claimed.

What is claimed is:

1. An organic light-emitting display apparatus compris-
ing:

an organic light-emitting diode comprising an anode and
a cathode configured to receive a reference voltage;

a switching transistor comprising a gate electrode config-
ured to receive an nth scan signal and a source electrode
configured to receive a data signal, the switching tran-
sistor being an NMOS transistor;

a first light emission control transistor comprising a gate
electrode configured to receive a light emission control
signal and turn on upon receiving the light emission
control signal to determine a timing of flow of a driving
current to the organic light-emitting diode, the first light
emission control transistor being a PMOS transistor;
and

a driving transistor connected to the switching transistor
and the first light emission control transistor and con-
figured to provide the driving current to the organic
light-emitting diode.

2. The organic light-emitting display apparatus of claim 1,
wherein the first light emission control transistor is config-
ured to turn on during a light emission period of the light
emission control signal having a low level.

3. The organic light-emitting display apparatus of claim 1,
wherein the driving transistor is a PMOS transistor.

4. The organic light-emitting display apparatus of claim 1,
further comprising:

a second light emission control transistor comprising a
gate electrode configured to receive the light emission
control signal, a source electrode connected to the
driving transistor, and a drain electrode connected to
the anode of the organic light-emitting diode, the
second light emission control transistor configured to
turn on upon receiving the light emission control signal
to determine, together with the first light emission
control transistor, the timing of flow of the driving
current to the organic light-emitting diode, the second
light emission control transistor being a PMOS tran-
sistor,

wherein the first light emission control transistor further
comprises a source electrode configured to receive a
power supply voltage and a drain electrode connected
to the driving transistor.

5. The organic light-emitting display apparatus of claim 4,

wherein each of the driving transistor, the first light
emission control transistor, and the second light emis-
sion control transistor further comprises a semiconduc-
tor active layer having polycrystalline silicon, and

wherein the switching transistor further comprises a semi-
conductor active layer having an oxide semiconductor.

6. The organic light-emitting display apparatus of claim 5,
wherein the oxide semiconductor comprises an oxide of
metal including zinc (Zn), indium (In), gallium (Ga), tin
(Sn), and titanium (T1) or mixtures of metal including zinc
(Zn), indium (In), gallium (Ga), tin (Sn), and titanium (T7)
and oxides thereof.
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7. The organic light-emitting display apparatus of claim 5,
wherein the gate electrode of the first light emission control
transistor is disposed on the semiconductor active layer of
the first light emission control transistor.

8. The organic light-emitting display apparatus of claim 5,
wherein the first light emission control transistor further
comprises an auxiliary electrode disposed on the same layer
as the gate electrode of the switching transistor and over-
lapping the gate electrode of the first light emission control
transistor.

9. The organic light-emitting display apparatus of claim 5,

wherein the semiconductor active layer of the switching
transistor is disposed on the semiconductor active layer
of the first light emission control transistor and the gate
electrode of the first light emission control transistor,
and

wherein the gate electrode of the switching transistor is
disposed on the semiconductor active layer of the
switching transistor.

10. The organic light-emitting display apparatus of claim

55

wherein the gate electrode of the switching transistor is
disposed on the semiconductor active layer of the first
light emission control transistor and the gate electrode
of the first light emission control transistor, and

wherein the semiconductor active layer of the switching
transistor is disposed on the gate electrode of the
switching transistor.

11. The organic light-emitting display apparatus of claim

4, further comprising:

a compensating transistor comprising a gate electrode
connected to the gate electrode of the switching tran-
sistor, a source electrode connected to a drain electrode
of the driving transistor, and a drain electrode con-
nected to a gate electrode of the driving transistor;

an initializing transistor comprising a gate electrode for
receiving an (n-1)th scan signal, a source electrode
connected to the gate electrode of the driving transistor,
and a drain electrode; and

a bypass transistor comprising a source electrode con-
nected to the drain electrode of the second light emis-
sion control transistor and a drain electrode connected
to the drain electrode of the initializing transistor.

12. The organic light-emitting display apparatus of claim
11, wherein each of the compensating transistor, the initial-
izing transistor, and the bypass transistor is an NMOS
transistor.

13. The organic light-emitting display apparatus of claim
11, wherein each of the compensating transistor, the initial-
izing transistor, and the bypass transistor further comprises
a semiconductor active layer having polycrystalline silicon.

14. The organic light-emitting display apparatus of claim
11,

wherein the first light emission control transistor, the
second light emission control transistor, and the driving
transistor have the same layer structure, and

wherein the switching transistor, the compensating tran-
sistor, the initializing transistor, and the bypass transis-
tor have the same layer structure.

15. An organic light-emitting display apparatus compris-

ing:

an organic light-emitting diode comprising an anode and
a cathode for receiving a reference voltage;
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a switching transistor comprising a gate electrode config-
ured to receive an nth scan signal, a source electrode
configured to receive a data signal, and a semiconduc-
tor active layer having an oxide semiconductor;

a first light emission control transistor comprising a gate
electrode configured to receive a light emission control
signal and a semiconductor active layer having poly-
crystalline silicon, the first light emission control tran-
sistor configured to turn on upon receiving the light
emission control signal to determine a timing of flow of
a driving current to the organic light-emitting diode;
and

a driving transistor comprising a semiconductor active
layer having polycrystalline silicon, the driving tran-
sistor connected to the switching transistor and the first
light emission control transistor, the driving transistor
configured to provide the driving current to the organic
light-emitting diode.

16. The organic light-emitting display apparatus of claim

15,

wherein the switching transistor is an NMOS transistor,
and

wherein each of the first light emission control transistor
and the driving transistor is a PMOS transistor.

17. The organic light-emitting display apparatus of claim
16, wherein the first light emission control transistor is
configured to turn on during a light emission period of the
light emission control signal having a low level.

18. The organic light-emitting display apparatus of claim
16, further comprising:

a second light emission control transistor comprising a
gate electrode for receiving the light emission control
signal, a source electrode connected to the driving
transistor, and a drain electrode connected to the anode
of the organic light-emitting diode, the second light
emission control transistor configured to turn on upon
receiving the light emission control signal to determine,
together with the first light emission control transistor,
the timing of flow of the driving current to the organic
light-emitting diode, the second light emission control
transistor comprising a semiconductor active layer hav-
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ing polycrystalline silicon, the second light emission
control transistor being a PMOS transistor,

wherein the first light emission control transistor further
comprises a source electrode for receiving a power
supply voltage and a drain electrode connected to the
driving transistor.

19. An organic light-emitting display apparatus compris-

ing:

an organic light-emitting diode comprising an anode and
a cathode configured to receive a reference voltage;

a switching transistor comprising a gate electrode config-
ured to receive an nth scan signal having a high level
during a programming period and a source electrode
configured to receive a data signal, the switching tran-
sistor configured to turn on during the programming
period,

a driving transistor connected to the switching transistor
and configured to provide a driving current to the
organic light-emitting diode;

a first light emission control transistor comprising a gate
electrode configured to receive a light emission control
signal having a low level during a light emission period
after the programming period, the first light emission
control transistor connected between a power supply
line configured to receive a power supply voltage and
the driving transistor, the first light emission control
transistor configured to turn on during the light emis-
sion period; and

a second light emission control transistor comprising a
gate electrode configured to receive the light emission
control signal, the second light emission control tran-
sistor connected between the driving transistor and the
organic light-emitting diode, the second light emission
control transistor configured to turn on during the light
emission period.

20. The organic light-emitting display apparatus of claim

19,

wherein each of the driving transistor, the first light
emission control transistor, and the second light emis-
sion control transistor is a PMOS transistor, and

wherein the switching transistor is an NMOS transistor.
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