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A display apparatus includes a plurality of pixels. A pixel
includes a first capacitor connected between a first voltage
line receiving a first driving signal and a first node, a first
transistor comprising a control electrode connected to the
first node, a first electrode connected to a second voltage line
receiving a first power source signal and a second electrode
connected to a second node, an organic light emitting diode
comprising an anode electrode connected to the second node
and a cathode electrode receiving a second power source
signal, a second capacitor connected between an m-th data
line and the second node (wherein, ‘m’ is a natural number)
and a second transistor comprising a control electrode
connected to an n-th scan line (wherein, ‘n’ is a natural
number), a first electrode connected to the first node and a
second electrode connected to the second node.
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DISPLAY APPARATUS AND METHOD OF
DRIVING THE SAME

[0001] This application is a continuation application of
U.S. patent application Ser. No. 15/400,465 filed on Jan. 6,
2017, which claims priority under 35 USC § 119 to Korean
Patent Application No. 10-2016-0061093 filed on May 18,
2016, in the Korean Intellectual Property Office, the disclo-
sures of which are incorporated herein in their entirety by
reference.

BACKGROUND

1. Field

[0002] Exemplary embodiments of the inventive concept
relate to a display apparatus and a method of driving the
display apparatus. More particularly, example embodiments
of the inventive concept relate to a display apparatus having
a simple pixel structure and a method of driving the display
apparatus.

2. Description of the Related Art

[0003] Recently, various flat panel display devices that
reduce weight and volume have been developed. The flat
panel display devices include a liquid crystal display (LCD)
device, a field emission display (FED) device, a plasma
display panel (PDP) device, an organic light emitting display
(OLED) device, etc.

[0004] 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 a
light during recombination of electrons and holes.

BRIEF SUMMARY

[0005] Exemplary embodiments of the inventive concept
provide a display apparatus for improving a display quality
in a standby mode that is a low-power mode.

[0006] Exemplary embodiments of the inventive concept
provide a method of driving the display apparatus.

[0007] According to an exemplary embodiment of the
inventive concept, there is provided a display apparatus. The
display apparatus includes a plurality of pixels. A pixel of
the plurality of pixels includes a first capacitor connected
between a first voltage line receiving a first driving signal
and a first node, a first transistor comprising a control
electrode connected to the first node, a first electrode con-
nected to a second voltage line receiving a first power source
signal and a second electrode connected to a second node, an
organic light emitting diode comprising an anode electrode
connected to the second node and a cathode electrode
receiving a second power source signal, a second capacitor
connected between an m-th data line and the second node
(wherein, ‘m’ is a natural number) and a second transistor
comprising a control electrode connected to an n-th scan line
(wherein, ‘n’ is a natural number), a first electrode connected
to the first node and a second electrode connected to the
second node.

[0008] Inanexemplary embodiment, the pixel may further
include a third transistor comprising a control electrode
connected to a third voltage line receiving a second driving
signal, a first electrode connected to the first voltage line and
a second electrode connected to the second node.
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[0009] In an exemplary embodiment, each of the first,
second and third transistors may be an N-type transistor.
[0010] In an exemplary embodiment, during a first period
of a frame period, the first voltage line may receive a low
voltage of a first driving signal, the second voltage line may
receive a high voltage of the first power source signal, the
third voltage line may receive a high voltage of the second
driving signal and the n-th scan line may receive a high
voltage of a scan signal.

[0011] In an exemplary embodiment, during a second
period of the frame period, the first voltage line may receive
a low voltage of the first driving signal, the second voltage
line may receive a low voltage of the first power source
signal lower than the low voltage of the first driving signal,
the third voltage line may receive a low voltage of the
second driving signal, and the n-th scan line may receive a
high voltage of the scan signal.

[0012] In an exemplary embodiment, during a third period
of the frame period, the first voltage line may receive a low
voltage of the first driving signal, the second voltage line
may receive a high voltage of the first power source signal,
the third voltage line may receive a low voltage of the
second driving signal, the n-th scan line may receive a high
voltage of the scan signal during an n-th horizontal period in
the third period, and the m-th data line may receive a data
voltage corresponding to a plurality of horizontal lines.
[0013] In an exemplary embodiment, during the n-th hori-
zontal period, a data voltage corresponding to an n-th
horizontal line may be divided by a voltage division ratio of
the first and second capacitors which are connected in series
and divided voltage may be applied to the first node.
[0014] In an exemplary embodiment, the m-th data line
may receive s a reference voltage before the m-th data line
receives a data voltage corresponding to a first horizontal
line of a plurality of horizontal lines, and the m-th data line
may receive a reference voltage after the m-th data line
receives a data voltage corresponding to a last horizontal
line of a plurality of horizontal lines.

[0015] In an exemplary embodiment, the m-th data line
may receive a reference voltage before the first voltage line
receives a high voltage of the first driving signal and, the
reference voltage may be equal to or lower than a lowest
voltage in a voltage range of the data voltage.

[0016] In an exemplary embodiment, during a fourth
period of the frame period, the first voltage line may receive
a high voltage of the first driving signal, the second voltage
line may receive a high voltage of the first power source
signal, the third voltage line may receive a low voltage of the
second driving signal, and the n-th scan line may receive a
low voltage of the scan signal.

[0017] In an exemplary embodiment, when a difference
voltage between the high voltage and the low voltage of the
first driving signal is applied to the first node, the first
transistor may be turned on and a driving current corre-
sponding to the data voltage applied to the first node may
flow through the organic light emitting diode.

[0018] In an exemplary embodiment, each of the first,
second and third transistors may be a P-type transistor.
[0019] Inan exemplary embodiment, during a first period,
the first voltage line may receive a low voltage of the first
driving signal, the second voltage line may receive a low
voltage of the first power source signal, the third voltage line
may receive a low voltage of the second driving signal, and
the n-th scan line receives a low voltage of the scan signal.
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[0020] In an exemplary embodiment, the low voltage of
the first power source signal may be higher than the low
voltage of the first driving signal.

[0021] In an exemplary embodiment, during a second
period of the frame period, the first voltage line may receive
a low voltage of the first driving signal, the second voltage
line may receive a low voltage of the first power source
signal, the third voltage line may receive a high voltage of
the second driving signal and the n-th scan line may receive
a low voltage of the scan signal.

[0022] Inanexemplary embodiment, during a third period
of the fame period, the first voltage line may receive a low
voltage of the first driving signal, the second voltage line
may receive a low voltage of the first power source signal,
the third voltage line may receive a high voltage of the
second driving signal, the n-th scan line may receive a low
voltage of the scan signal during an n-th horizontal period in
the third period, and the m-th data line may receive a data
voltage corresponding to a plurality of horizontal lines.

[0023] In an exemplary embodiment, during the n-th hori-
zontal period, a data voltage corresponding to an n-th
horizontal line may be divided by a voltage division ratio of
the first and second capacitors which are connected in series
and divided voltage may be applied to the first node.

[0024] In an exemplary embodiment, the m-th data line
may receive a reference voltage before the m-th data line
receives a data voltage corresponding to a first horizontal
line of a plurality of horizontal lines, and the m-th data line
may receive a reference voltage after the m-th data line
receives a data voltage corresponding to a last horizontal
line of a plurality of horizontal lines.

[0025] In an exemplary embodiment, the m-th data line
may receive a reference voltage before the first voltage line
receives a high voltage of the first driving signal, and the
reference voltage mat be equal to or lower than a lowest
voltage in a voltage range of the data voltage.

[0026] In an exemplary embodiment, during a fourth
period of the frame period, the first voltage line may receive
a high voltage of the first driving signal, the second voltage
line may receive a high voltage of the first power source
signal, the third voltage line may receive a high voltage of
the second driving signal, and the n-th scan line may receive
a high voltage of the scan signal.

[0027] In an exemplary embodiment, when a difference
voltage between the high voltage and the low voltage of the
first driving signal may be applied to the first node, the first
transistor is turned on and a driving current corresponding to
the data voltage applied to the first node may flow through
the organic light emitting diode.

[0028] In an exemplary embodiment, at least one of the
second and third transistors may have a dual gate structure.

[0029] In an exemplary embodiment, a first insulating
interlayer may be disposed on the control electrode of the
first transistor and a first electrode of the first capacitor, the
first voltage line and the second electrode of the first
capacitor which are disposed on the first insulating inter-
layer, a second insulating interlayer may be disposed on the
first voltage line and the second electrode of the first
capacitor, the m-th data line and a first electrode of the
second capacitor which are disposed on the second insulat-
ing interlayer, and a third insulating interlayer may be
disposed on the m-th data line and a first electrode of the
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second capacitor, the second voltage line and a second
electrode of the second capacitor which are disposed on the
third insulating interlayer.

[0030] According to an exemplary embodiment of the
inventive concept, there is provided a method of a display
apparatus which includes a plurality of pixels which respec-
tively comprises an organic light emitting diode. The
method includes applying a low voltage of a first driving
signal to an anode electrode of the organic light emitting
diode to initialize the anode electrode, applying a low
voltage of a first power source signal to a first electrode of
a first transistor to diode-connect the first transistor, dividing
a data voltage applied to a data line using first and second
capacitors which are connected in series to apply divided
voltage to a control electrode of the first transistor; and
applying a high voltage of the first driving signal to the
control electrode of the first transistor to emit a light from
the organic light emitting diode.

[0031] In an exemplary embodiment, when the first tran-
sistor may be an N-type transistor, the low voltage of the first
power source signal may be lower than the low voltage of
the first driving signal, and the low voltages of the first
power source signal and the first driving signal may be lower
than a voltage of second power source signal applied to a
cathode electrode of the organic light emitting diode.
[0032] In an exemplary embodiment, when the first tran-
sistor may be a P-type transistor, the low voltage of the first
power source signal may be higher than the low voltage of
the first driving signal, and the low voltages of the first
power source signal and the first driving signal may be lower
than a voltage of second power source signal applied to a
cathode electrode of the organic light emitting diode.
[0033] In anexemplary embodiment, a difference between
the high and low voltages of the first driving signal may be
applied to a control electrode of the first transistor, a high
voltage of the first driving signal being preset based on a
turn-on voltage of the first transistor.

[0034] In an exemplary embodiment, the method may
further include applying a reference voltage to a data line
before the data line receives a data voltage corresponding to
a first horizontal line of a plurality of horizontal lines, and
applying the reference voltage to the data line after the data
line receives a data voltage corresponding to a last horizon-
tal line of a plurality of horizontal lines.

[0035] In an exemplary embodiment, the data line may
receive the reference voltage before a control electrode of
the first transistor receives the high voltage of the first
driving signal.

[0036] In an exemplary embodiment, each of initializing
the anode electrode, diode-coupling the first transistor and
emitting the light from the organic light emitting diode may
be simultaneously performed in all pixels.

[0037] According to an exemplary embodiment of the
inventive concept, there is provided a display device. The
display device includes a plurality of pixels. A pixel of the
plurality of pixels includes a first transistor comprising a
control electrode connected to a first node, a first electrode
connected to a second voltage line receiving a first power
source signal and a second electrode connected to a second
node, a first capacitor connected between a first voltage line
receiving a first driving signal and the first node, an organic
light emitting diode comprising an anode electrode con-
nected to the second node and a cathode electrode receiving
a second power source signal, and a second capacitor
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connected between an m-th data line and the second node
(wherein, ‘m’ is a natural number.

[0038] Inanexemplary embodiment, the pixel may further
include a second transistor comprising a control electrode
connected to an n-th scan line (wherein, ‘n’ is a natural
number), a first electrode connected to the first node and a
second electrode connected to the second node

[0039] Inanexemplary embodiment, the pixel may further
include a third transistor comprising a control electrode
connected to a third voltage line receiving a second driving
signal, a first electrode connected to the first voltage line and
a second electrode connected to the second node.

[0040] In an exemplary embodiment, each of the first,
second and third transistors may be an N-type transistor, and
a low voltage of the first driving signal is greater than a sum
of a low voltage of the first power source and a threshold
voltage of the first transistor and less than a sum of the
second power source signal and a turn on voltage of the
organic light emitting diode.

[0041] In an exemplary embodiment, each of the first,
second and third transistors is a P-type transistor, and a low
voltage of the first power source signal is greater than a low
voltage of the first driving signal and less than the second
power source signal.

[0042] According to the inventive concept, the pixel cit-
cuit may include only three transistors and two capacitors
and thus, an ultra high definition display may be easily
designed using the pixel circuit. In addition, the compen-
sating period in the frame period may be freely controlled
and thus, sufficiently obtained. In addition, whether the
organic light emitting diode emits or not the light may be
controlled by adjusting a level of the first power source
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The above and other features and advantages of the
inventive concept will become more apparent by describing
in detailed exemplary embodiments thereof with reference
to the accompanying drawings, in which:

[0044] FIG. 1 is a block diagram illustrating a display
apparatus according to an exemplary embodiment;

[0045] FIG. 2 is a circuit diagram illustrating a pixel
circuit according to an exemplary embodiment;

[0046] FIG. 3 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment;

[0047] FIGS. 4A and 4B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0048] FIGS. SA and 5B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0049] FIGS. 6A and 6B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0050] FIGS. 7A and 7B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0051] FIG. 8 is a circuit diagram illustrating a pixel
circuit according to an exemplary embodiment;

[0052] FIG. 9 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment;
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[0053] FIGS. 10, 11 and 12 are circuit diagrams illustrat-
ing pixel circuits according to exemplary embodiments;
[0054] FIG. 13 is a plan view illustrating a display part of
a display apparatus according to an exemplary embodiment;
[0055] FIG. 14 is a cross-sectional view taken along a line
I-I' of FIG. 13; and

[0056] FIGS. 15, 16, 17, 18 and 19 are plan views illus-
trating a method of manufacturing of the display part
according to an exemplary embodiment.

DETAILED DESCRIPTION

[0057] Hereinafter, the inventive concept will be
explained in detail with reference to the accompanying
drawings.

[0058] FIG. 1 is a block diagram illustrating a display
apparatus according to an exemplary embodiment.

[0059] Referring to FIG. 1, the display apparatus may
include a controller 100, a display part 110, a data driver
130, a scan driver 150 and a voltage generator 170.

[0060] The controller 100 may be configured to generally
control the display apparatus to display an image on the
display part 110. The controller 100 is configured to receive
a control signal 101c and image data 101d. The controller
100 is configured to provide the data driver 130 with a data
control signal 103¢ and the image data 1034 in order to drive
the data driver 130. The controller 100 is configured to
provide the scan driver 150 with a scan control signal 105¢
in order to drive the scan driver 150. The controller 100 is
configured to provide the voltage generator 170 with a
voltage control signal 107¢ in order to drive the voltage
generator 170.

[0061] The controller 100 is configured to drive the dis-
play part 110 during a frame period which may include an
initializing period, a compensating period, a data-program-
ming period and a light-emitting period.

[0062] The display part 110 may include a plurality of
pixels P, a plurality of data lines DL1, ..., DLm, ..., DLM,
a plurality of scan lines SL1, . .., SLn, ..., SLN, a first
voltage line VL1, a second voltage line V1.2 and a third
voltage line VL3.

[0063] Each of the plurality of pixels P may include an
organic light emitting diode and three transistors and two
capacitors, which drive the organic light emitting diode.
[0064] The data lines DL1, . .., DLm, ..., DLM may
respectively extend in a first direction D1 and be arranged in
a second direction D2 crossing the first direction D1. Each
data line DLm is configured to transfer a data voltage to
pixels P in a same pixel-column which are arranged in the
first direction D1.

[0065] Thescanlines SL1,...,SLn,..., SLN may extend
in the second direction D2 and be arranged in the first
direction D1. Each scan line SLn is configured to transfer a
scan signal to pixels P in a same pixel-row which are
arranged in the second direction D2.

[0066] The first voltage line VL1 may transfer a first
driving signal Vinit to the plurality of pixels P and the
plurality of pixels P may commonly use the first voltage line
VLI1.

[0067] The second voltage line VL2 may transfer a first
power source signal ELVDD to the plurality of pixels P and
the plurality of pixels P may commonly use the second
voltage line VL2.
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[0068] The third voltage line VL3 may transfer a second
driving signal Veomp to the plurality of pixels P and the
plurality of pixels P may commonly use the third voltage
line VL3.

[0069] The data driver 130 is configured to provide the
data lines DL1, ..., DLm, ..., DLM with the data voltage
corresponding to the image data during the data-program-
ming period of the frame period.

[0070] In addition, the data driver 130 is configured to
provide the data lines DL1, ..., DLm, ..., DLM with a
reference voltage before or after the data-programming
period. The reference voltage may be equal to or lower than
a black voltage corresponding to a black grayscale.

[0071] The scan driver 150 is configured to sequentially
provide the scan lines SL1, ..., SLn, ..., SLN with the scan
signals. The scan signal may have a high voltage and a low
voltage.

[0072] The voltage generator 170 is configured to generate
the first driving signal Vinit, the second driving signal
Vcomp, the first power source signal ELVDD and a second
power source signal ELVSS.

[0073] The first driving signal Vinit is applied to the first
voltage line VL1 and has a high voltage and a low voltage.
The high voltage and the low voltage of the first driving
signal Vinit may have predetermined high and low voltages
for driving the pixel P, respectively.

[0074] The second driving signal Vcomp is applied to the
third voltage line VL3 and has a high voltage and a low
voltage. The high voltage and the low voltage of the second
driving signal Vcomp may respectively correspond to the
high voltage and the low voltage of the scan signal.
[0075] The first power source signal ELVDD is applied to
the second voltage line VL2 and has a high voltage and a low
voltage. The high voltage of the first power source signal
ELVDD may have a high voltage of a normal positive power
source signal and the low voltage of the first power source
signal ELVDD may have a predetermined low voltage for
driving the pixel P.

[0076] The second power source signal ELVSS is applied
to a common electrode of the pixels P, that is a cathode
electrode of an organic light emitting diode and may have a
low voltage of a normal negative power source signal.
[0077] FIG. 2 is a circuit diagram illustrating a pixel
circuit according to an exemplary embodiment.

[0078] Referring to FIGS. 1 and 2, the pixel circuit PC1
may be included in the pixel P of the display part 110. The
pixel circuit PC1 is an equivalent circuit of the pixel P.
[0079] The pixel circuit PC1 may include a first transistor
T1, a second transistor T2, a third transistor T3, a first
capacitor Cst, a second capacitor Cpr and an organic light
emitting diode OLED.

[0080] According to the exemplary embodiment, each of
the first, second and third transistors T1, T2 and T3 may be
an N-type transistor. The N-type transistor may be turned on
when a high voltage is applied to a control electrode, and
turned off when a low voltage is applied to the control
electrode. According to the exemplary embodiment, the high
voltage may be a turn-on voltage of the N-type transistor and
the low voltage may be a turn-off voltage of the N-type
transistor.

[0081] The first transistor T1 may include a control elec-
trode CE1 connected to a first node N1, a first electrode E11
connected to a second voltage line VL2 and a second
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electrode FE12 connected to a second node N2. The second
voltage line VL2 is configured to receive the first power
source signal ELVDD.

[0082] The first power source signal ELVDD may have a
high voltage which is a voltage of a normal positive power
source signal and a low voltage which is a predetermined
low voltage for driving the pixel circuit PC1. The first power
source signal ELVDD may have the low voltage during the
compensating period in which a threshold voltage of the first
transistor T1 is compensated, and the high voltage during a
remaining period of the frame period except for the com-
pensating period.

[0083] The second transistor T2 may include a control
electrode CE2 connected to the n-th scan line SLn, a first
electrode E21 connected to the first node N1 and a second
electrode E22 connected to the second node N2. The n-th
scan line SLn is configured to receive an n-th scan signal
S(n). The n-th scan signal S(n) may have a high voltage
which turns on the second transistor T2 and a low voltage
which turns off the second transistor T2. The second tran-
sistor T2 may diode-couple the first transistor T1 during the
compensating period. That is, the second transistor T2 may
connect the control electrode CE1 and the second node N2
of the first transistor T1 during the compensating period.
[0084] The third transistor T3 may include a control
electrode CE3 connected to the third voltage line VL3, a first
electrode F31 connected to the first voltage line VL1 and a
second electrode E32 connected to the second node N2. The
first voltage line VL1 is configured to receive a first driving
signal Vinit.

[0085] The first driving signal Vinit may have high and
low voltages which are predetermined high and low voltages
driving the pixel circuit PC1. The first driving signal Vinit
has the high voltage during the light-emitting period during
which the organic light emitting diode OLED emits the light,
and the low voltage during a remaining period of the frame
period except for the light-emitting period.

[0086] The third voltage line VL3 is configured to receive
the second driving signal Vecomp. The second driving signal
Vcomp may have a high voltage which turns on the third
transistor T3 and a low voltage which turns off the third
transistor T3.

[0087] The first capacitor Cst may be connected between
the first voltage line VL1 and the first node N1. The first
capacitor Cst may store a node voltage applied to the first
node N1.

[0088] The second capacitor Cpr may be connected
between the second node N2 and m-th data line DLm. The
second capacitor Cpr may store the data voltage applied to
the m-th data line DLm.

[0089] The first and second capacitors Cst and Cpr may be
serially connected between the m-th data line DLm and the
first voltage line VL1 through the second transistor T2. The
data voltage applied to the m-th data line DLm may be
divided by a voltage division ratio of the first and second
capacitors Cst and Cpr and divided data voltage may be
applied to the first node N1.

[0090] The organic light emitting diode OLED may
include an anode electrode connected to the second node N2
and a cathode electrode which receives the second power
source signal ELVSS.

[0091] When the transistor T1 is turned on, a driving
current corresponding to the data voltage applied to the first
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node N1 may flow through the organic light emitting diode
OLED and thus, the organic light emitting diode OLED may
emit the light.

[0092] FIG. 3 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment.

[0093] Referring to FIGS. 1, 2 and 3, the display part may
receive a plurality of input signals. The plurality of input
signal may include the first power source signal ELVDD
applied to the second voltage line VL2, the first driving
signal Vinit applied to the first voltage line VL1, the second
driving signal Vcomp applied to the third voltage line V1.3,
a plurality of scan signals S(1), . .., S(n), . . . S(N) applied
to the plurality of scan lines, a data voltage DATA applied to
the plurality of data lines and the second power source signal
ELVSS applied to the cathode electrode of the organic light
emitting diode OLED. The data voltage DATA may be
referred to as a data voltage applied to the m-th data line
DLm of the plurality of data lines.

[0094] The frame period may include a first period ‘a’
during which the anode electrode of the organic light emit-
ting diode OLED is initialized, a second period ‘b* during
which the threshold voltage of the first transistor T1 is
compensated, a third period ‘c’ during which the data
voltage is applied to the pixel and a fourth period ‘d’ during
which the organic light emitting diode OLED emit the light.
[0095] Referring to the first period ‘a’, the first voltage line
VL1 receives a low voltage initl of the first driving signal
Vinit. The low voltage initLL of the first driving signal Vinit
may be defined as the following Equation 1.

ELVDD+ ¥y, 7,<init <ELVSS+¥,, o125

[0096] InEquation 1, Vth,,, represents a threshold voltage
of the first transistor T1, Von,,; zp represents a minimum
voltage of the organic light emitting diode OLED while the
organic light emitting diode OLED emits the light Ca turn on
voltage of the organic light emitting diode OLED").

[0097] The third voltage line VL3 may receive a high
voltage VGH of the second driving signal Vcomp. The high
voltage VGH of the second driving signal Vcomp may have
a turn-on voltage of the third transistor T3. For example, the
high voltage VGH of the second driving signal Vcomp may
be about 10 V.

[0098] The second voltage line VL2 may receive a high
voltage ELVDDH of the first power source signal ELVDD.
The high voltage ELVDDH of the first power source signal
ELVDD may have a voltage of a normal positive power
source signal.

[0099] For example, the low voltage initl. of the first
driving signal Vinit may be about -2.2 V, the high voltage
ELVDD,; of the first power source signal ELVDD may be
about 7'V, the low voltage ELVDDL of the first power source
signal ELVDD may be about -7 V, and the second power
source signal ELVSS may be about 0 V.

[0100] Theplurality of scan lines SL.1,...,SLn, ..., SLN
may simultaneously receive the high voltages VGH of the
plurality of scan signals S(1), . .., S(n), .. . S(N). The high
voltage VGH of the scan signal may have a turn-on voltage
of the second transistor T2. For example, the high voltage
VGH of the scan signal may be about 10 V.

[0101] The plurality of data lines DL1, ..., DLm, .. .,
DLM may receive a reference voltage Vref. The reference
voltage Vref may be equal to or lower than a lowest voltage
in a voltage range of the data voltage. For example, when the

Equation 1
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voltage range of the data voltage is about 0.5V to about 7.5
V, the reference voltage Vref may be equal to or lower than
about 0.5 V.

[0102] During the first period ‘a’, the anode electrodes of
the organic light emitting diodes OLED which is connected
to the second node N2 and the first node N1 in all pixels may
be initialized by the low voltage initl. of the first driving
signal Vinit, simultaneously.

[0103] Referring to the second period ‘b’, the first voltage
line VL1 is configured to receive the low voltage initl of the
first driving signal Vinit.

[0104] The third voltage line VL3 is configured to receive
alow voltage VGL of second driving signal Vcomp. The low
voltage VGL of the second driving signal Vcomp may have
a turn-off voltage of the third transistor T3. For example, the
low voltage VGL of the second driving signal Vcomp may
be about =10 V.

[0105] The second voltage line VL2 is configured to
receive a low voltage ELVDDL of the first power source
signal ELVDD. For example, the low voltage ELVDDL of
the first power source signal ELVDD may be about -7 V.

[0106] Theplurality of scanlines SL1, ..., SLn,...,SLN
is configured to simultaneously receive high voltages VGH

of the plurality of scan signals S(1), ..., S(n), . . . S(N) as
the first period ‘a’
[0107] The p]urahty of data lines DL1, . . ., DLm, .

DLM is conﬁgured to receive the reference Voltage Vref as
the first period ‘a

[0108] During the second period ‘b’, the threshold volt-
ages of the first transistors T1 in all pixels may be simulta-
neously compensated using the sum voltage of the low
voltage ELVDDL of the first power source signal ELVDD
and the threshold voltage Vth,,, of corresponding first
transistor T1.

[0109] Referring to the third period ‘c’, the second voltage
line VL2 is configured to receive a high voltage ELVDDH
of the first power source signal ELVDD.

[0110] The first voltage line VL1 is configured to receive
the low voltage initl of the first driving signal Vinit.
[0111] The third voltage line VL3 is configured to receive
the low voltage VGL of the second driving signal Vcomp.
[0112] Theplurality of scan lines SL1, ..., SLn,...,SLN
is configured to sequentially receive high voltages VGH of
the plurality of scan signals S(1), . . ., S(n), . . . S(N).
[0113] The plurality of data hnes DL1, . DLm,
DLM is configured to receive the data Voltage DATA
respectively corresponding to the plurality of horizontal
lines in synchronization with the high voltages VGH of the
plurality of scan signals S(1), . . ., S(n), . . . S(N).

[0114] The first node N1 is configured to receive divided
data voltage by a voltage division ratio of the first and
second capacitors Cst and Cpr during a corresponding
horizontal period of the pixel.

[0115] In addition, the third period ‘¢’ may include at least
one holding period during which the plurality of data lines
DL1,...,DLm, ..., DLM is configured to receive a
reference voltage Vref. The holding period may be disposed
before a first horizontal period in which a data voltage of a
first horizontal line is applied to the plurality of data lines
DL1,...,DLm,..., DLM and after a last horizontal period
in which a data voltage of a last horizontal line is applied to
the plurality of data lines DL1, ..., DLm, . . ., DLM.
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Therefore, the plurality of data lines DL1, . .., DLm, . . .
, DLM may be maintained into the reference voltage Vref
during the holding period.

[0116] Referring to the fourth period ‘d’, the second
voltage line VL2 is configured to receive the high voltage
ELVDDH of the first power source signal ELVDD.

[0117] The first voltage line VL1 is configured to receive
a high voltage initH of the first driving signal Vinit. The high
voltage initH of the first driving signal Vinit may be deter-
mined based on a turn-on voltage of the first transistor T1.
For example, the high voltage initH of the first driving signal
Vinit may be about 6.5 V.

[0118] The third voltage line VL3 is configured to receive
the low voltage VGL of the second driving signal Vcomp.
[0119] The plurality of scan lines SL1, ..., SLn, ..., SLN
is configured to simultaneously receive the low voltages
VGL of the plurality of scan signals S(1), ..., S(n), .. . S(N).
[0120] The plurality of data lines DL1, ..., DLm, ...,
DLM is configured to simultaneously receive the reference
voltage Vref.

[0121] During the fourth period ‘d’, driving current cor-
responding to the data voltage applied to the first node N1
may be provided to the organic light emitting diode OLED
and the organic light emitting diode OLED may emit the
light. Thus, the organic light emitting diodes OLED in all
pixels may simultaneously emit the light.

[0122] FIGS. 4A and 4B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0123] Referring to FIGS. 4A and 4B, the first period ‘a’
may correspond to an initializing period of the organic light
emitting diode OLED.

[0124] In the first period ‘a’, the low voltage initL of first
driving signal Vinit is applied to the first voltage line VL1,
the high voltage VGH of the second driving signal Veomp
is applied to the third voltage line VL3, and the high voltage
ELVDDH of the first power source signal ELVDD is applied
to the second voltage line VL2. The n-th scan line SIn
receives the high voltage VGH of the n-th scan signal S(n).
The m-th data line DL.m receives the reference voltage Vref.
[0125] Referring to a method of driving the pixel circuit
PC1, the low voltage initL of the first driving signal Vinit is
applied to the first node N1. The second transistor T2 is
turned on in response to the high voltage VGH of the n-th
scan signal S(n).

[0126] The third transistor T3 is turned on in response to
the high voltage VGH of the second driving signal Vcomp,
and then the low voltage initL of the first driving signal Vinit
is provided to the second node N2. The anode electrode of
the organic light emitting diode OLED connected to the
second node N2 may be initialized by the low voltage initl
of the first driving signal Vinit.

[0127] Therefore, during the first period ‘a’, the organic
light emitting diode OLED may be initialized.

[0128] FIGS. 5A and 5B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0129] Referring to FIGS. 5A and 5B, the second period
‘b” may correspond to a compensating period during which
the threshold voltage of the first transistor T1 is compen-
sated.

[0130] In the second period ‘b, the low voltage initl, of
the first driving signal Vinit is applied to the first voltage line
VL1, the low voltage VGL of the second driving signal
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Veomp is applied to the third voltage line VL3, the low
voltage ELVDDL of the first power source signal ELVDD is
applied to the second voltage line VL2. The n-th scan line
SLn receives the high voltage VGH of the n-th scan signal
S(n). The m-th data line receives the reference voltage Vref.
[0131] The second transistor T2 is turned on in response to
the high voltage VGH of the n-th scan signal S(n). The third
transistor T3 is turned off in response to the low voltage
VGL of the second driving signal Vcomp.

[0132] When the second transistor T2 is turned on, the
control electrode CE1 and the second electrode E12 of the
first transistor T1 are connected to each other and the low
voltage ELVDD, of the first power source signal ELVDD is
applied to the first electrode E11 of the first transistor T1.
[0133] Because a drain electrode E12 which has a higher
voltage than a source electrode E11 is connected to the gate,
the transistor is diode-connected.

[0134] A voltage applied to the first electrode E11 of the
first transistor T1 is determined to be lower than the low
voltage initL, of the first driving signal Vinit applied to the
second electrode E12 and thus, the first electrode E11 may
drive as the source and the second electrode E12 may drive
as the drain.

[0135] Therefore, when the second transistor T2 is turned
on, the gate and drain of the first transistor T1 are connected
to each other and the first transistor T1 is diode-connected.
[0136] When the first transistor T1 is diode-connected, the
first node N1 connected to the control electrode CE1 of the
first transistor T1 receives a voltage corresponding to a sum
voltage of the low voltage ELVDD, of the first power source
signal and the threshold voltage Vth,T1 of the first transistor
T1.

[0137] Therefore, the threshold voltage of the first tran-
sistor T1 may be compensated.

[0138] According to the exemplary embodiment, a length
of the second period ‘b’ may be freely adjusted in the frame
period and thus a sufficient compensating period may be
obtained.

[0139] FIGS. 6A and 6B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0140] Referring to FIGS. 6A and 6B, the third period ‘¢’
may correspond to a data-programming period during which
the data voltage is applied to the plurality of pixels.
[0141] In the third period ‘c’, the low voltage initL of the
first driving signal Vinit is applied to the first voltage line
VL1, the low voltage VGL of the second driving signal
Veomp is applied to the third voltage line VL3, and the high
voltage ELVDD,, of the first power source signal ELVDD is
applied to the second voltage line VL2. The n-th scan line
SLn receives a high voltage VGH of an n-th scan signal S(n)
during an n-th horizontal period Hn of the third period ‘c’.
The m-th data line DLm receives an n-th data voltage
Vdata(n) of an n-th horizontal line corresponding to the n-th
horizontal period Hn during the n-th horizontal period Hn.
[0142] Referring to the method of driving the pixel circuit
PC1, the first transistor T1 which has the control electrode
CE1 connected to the first node N1 is turned off because
VGs of the first transistor T1 is less than the threshold
voltage Vth,T1. The first node N1 receives a voltage
(ELVDD, +Vth,T1+c.AVdata) corresponding to a sum volt-
age of the low voltage ELVDD), of the first power source
signal ELVDD, the threshold voltage Vth,T1 of the first
transistor T1 and a divided voltage aAVdata. The third
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transistor T3 is turned off in response to the low voltage
VGL of the second driving signal Veomp.

[0143] The second transistor T2 is turned on in response to
the high voltage VGH of the n-th scan signal S(n), and then
the first node N1 is connected to the second node N2. The
first capacitor Cst and the second capacitor Cpr are con-
nected to the first node N1 in series by the turned-on second
transistor T2.

[0144] The n-th data voltage Vdata(n) corresponding to
the pixel circuit PC1 is applied to the m-th data line DLm.
The m-th data line DLm receives a difference voltage
AVdata between the n-th data voltage Vdata(n) and the
reference voltage Vref.

[0145] The first and second capacitors Cst and Cpr which
are connected to the first node N1 in series has a voltage
division ratio o corresponding to the first node N1. The
voltage division ratio o and the difference voltage AVdata
may be defined as the following Equation 2.

(o Equation 2

o=
Co + Cpr

AV gata = Vigtatn) = Veef

[0146] Therefore, the difference voltage AVdata is divided
by the voltage division ratio o of the first and second
capacitors Cst and Cpr and divided voltage aAVdata cor-
responding to the n-th data voltage Vdata(n) is applied to the
first node N1.

[0147] Therefore, a voltage defined as the following Equa-
tion 3 may be applied to the first node N1 during the n-th
horizontal period Hn.

ELVDD +Vy, 71+0AY 5,

[0148] According to the exemplary embodiment, the third
period ‘¢’ may include a first holding period h1 correspond-
ing to an early period of the third period ‘¢’ and a second
holding period h2 corresponding to a late period of the third
period ‘c’.

[0149] The first holding period hl may correspond to a
period which is before a first horizontal period in which a
data voltage Vdata(1) of a first horizontal line is applied to
the plurality of data lines DL1, ..., DLm, ..., DLM. During
the first holding period hl, the reference voltage Vref is
applied to the plurality of data lines DL1, ..., DLm, . ..,
DLM and thus, the plurality of data lines DL1, .. ., DLm,
..., DLM may hold the reference voltage Vref before the
first horizontal period.

[0150] The second holding period h2 may correspond to a
period which is after an N-th horizontal period in which the
data voltage Vdata(N) of an N-th horizontal line, that is a last
horizontal line, is applied to the plurality of data lines DIL1,
..., DLm, ..., DLM. During the second holding period h2,
the reference voltage Vref is applied to the plurality of data
lines DL1, ..., DLm, . .., DLM and thus, the plurality of
datalines DL1,...,DLm,. .., DLM may hold the reference
voltage Vref after the N-th horizontal period.

[0151] FIGS. 7A and 7B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0152] Referring to FIGS. 7A and 7B, the fourth period ‘d’
may correspond to a light-emitting period during which the
organic light emitting diode OLED emits the light.

Equation 3
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[0153] Referring to the fourth period ‘d’, the high voltage
initH of the first driving signal Vinit is applied to the first
voltage line VL1, the low voltage VGL of the second driving
signal Vcomp is applied to the third voltage line VL3, and
the high voltage ELVDD,, of the first power source signal
ELVDD is applied to the second voltage line VL2. The n-th
scan line SLn receives the low voltage VGL of the n-th scan
signal S(n). The m-th data line DLm receives the reference
voltage Vref.

[0154] Referring to the method of driving the pixel circuit
PC1, the high voltage initH of the first driving signal Vinit
is applied to the first node N1 and thus, a voltage defined as
the following Equation 4 may be applied to the first node N1.

ELVDDz+V, 11+ AY goyat AV i

[0155] In Equation 4, a difference voltage AVinit repre-
sents a difference voltage between the high and low voltages
initH and initl, of the first driving signal Vinit.

[0156] When the voltage defined as the following Equa-
tion 4 is applied to the control electrode CE1 of the first
transistor T1, the first transistor T1 is turned on based on the
difference voltage AVinit.

[0157] The second transistor T2 is turned off in response
to the low voltage VGL of the n-th scan signal S(n) and the
third transistor T3 is turned off in response to the low voltage
VGL of the second driving signal Vcomp.

[0158] Therefore, the first transistor T1 is turned on and
thus, a driving current ID corresponding to the data voltage
may flow through the organic light emitting diode OLED.
The organic light emitting diode OLED may emit the light.
[0159] According to the exemplary embodiment, the pixel
circuit may include only three transistors and two capacitors
and thus, an ultra high definition display may be easily
designed using the pixel circuit. In addition, the length of the
compensating period in the frame period may be freely
controlled and thus, a sufficient compensation period is
obtained. In addition, whether the organic light emitting
diode emits or not the light may be controlled by adjusting
a level of the first power source signal ELVDD.

[0160] FIG. 8 is a circuit diagram illustrating a pixel
circuit according to an exemplary embodiment.

[0161] Referring to FIG. 8, the pixel circuit PC2 may
include a first transistor T1, a second transistor T2, a third
transistor T3, a first capacitor Cst, a second capacitor Cpr
and an organic light emitting diode OLED.

[0162] The pixel circuit PC2 may include three transistors
and two capacitors as the pixel circuit PC1 described in the
previous exemplary. However, each of the first, second and
third transistors T1, T2 and T3 according to the exemplary
embodiment may be a P-type transistor. The P-type transis-
tor is turned on when a control electrode of the P-type
transistor receives a low voltage and is turned off when the
control electrode of the P-type transistor receives a high
voltage. According to the exemplary embodiment, the low
voltage may be a turn-on voltage of the transistor and the
high voltage may be a turn-off voltage of the transistor.
[0163] Hereinafter, the same reference numerals are used
to refer to the same or like parts as those described in the
previous exemplary embodiments, and the same detailed
explanations are not repeated unless necessary.

[0164] The first transistor T1 may include a control elec-
trode CE1 connected to a first node N1, a first electrode E11
connected to a second voltage line VL2 and a second

Equation 4
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electrode FE12 connected to a second node N2. The second
voltage line VL2 is configured to receive the first power
source signal ELVDD.

[0165] The first power source signal ELVDD may have a
high voltage which is a voltage of a normal positive power
source signal and a low voltage which is a predetermined
low voltage for driving the pixel circuit PC2.

[0166] The second transistor T2 may include a control
electrode CE2 connected to the n-th scan line SLn, a first
electrode E21 connected to the first node N1 and a second
electrode E22 connected to the second node N2. The n-th
scan line SLn is configured to receive an n-th scan signal
S(n). The n-th scan signal S(n) may have a low voltage
which turns on the second transistor T2 and a high voltage
which turns off the second transistor T2.

[0167] The third transistor T3 may include a control
electrode CE3 connected to the third voltage line VL3, a first
electrode E31 connected to the first voltage line VL1 and a
second electrode E32 connected to the second node N2. The
first voltage line VL1 is configured to receive a first driving
signal Vinit and the third voltage line VL3 is configured to
receive a second driving signal Vcomp.

[0168] The first driving signal Vinit may have high and
low voltages which are predetermined high and low voltages
for driving the pixel circuit PC2.

[0169] The second driving signal Vcomp may have a low
voltage which turns on the third transistor T3 and a high
voltage which turns off the third transistor T3. For example,
the high and low voltages of the second driving signal
Vcomp may be equal to those of the n-th scan signal S(n),
respectively.

[0170] The first capacitor Cst may be connected between
the first voltage line VL1 and the first node N1. The first
capacitor Cst may store a node voltage applied to the first
node N1.

[0171] The second capacitor Cpr may be connected
between the second node N2 and m-th data line DLm. The
second capacitor Cpr may store the data voltage applied to
the m-th data line DLm.

[0172] The first and second capacitors Cst and Cpr may be
connected to the first node in series N1 through the second
transistor T2. The data voltage applied to the m-th data line
DLm may be divided by a voltage division ratio of the first
and second capacitors Cst and Cpr and then, divided data
voltage may be applied to the first node N1.

[0173] The organic light emitting diode OLED may
include an anode electrode connected to the second node N2
and a cathode electrode which receives the second power
source signal ELVSS. The second power source signal
ELVSS may have a low voltage of a normal negative power
source signal.

[0174] When the transistor T1 is turned on, a driving
current corresponding to the data voltage of the first node N1
may flow through the organic light emitting diode OLED
and thus, the organic light emitting diode OLED may emit
the light.

[0175] FIG. 9 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment.

[0176] Referring to FIGS. 8 and 9, the frame period may
include a first period ‘a’ during which the anode electrode of
the organic light emitting diode OLED is initialized, a
second period ‘b’ during which the threshold voltage of the
first transistor T1 is compensated, a third period ‘c’ during
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which the data voltage is programmed and a fourth period
‘d’” during which the organic light emitting diode OLED emit
the light.

[0177] Referring to the first period ‘a’, a first voltage line
VLI receives a low voltage initl of the first driving signal
Vinit. The third voltage line VL3 may receive a low voltage
VGL of the second driving signal Vcomp. The second
voltage line VL2 may receive a low voltage ELVDD, of the
first power source signal ELVDD. The cathode electrode of
the organic light emitting diode OLED may receive a second
power source signal ELVSS.

[0178] The low voltage initl. of the first driving signal
Vinit and the second power source signal ELVSS may be
defined as the following Equation 5.

ELVSS>ELVDD, >init; Equation 5

[0179] For example, the low voltage initl, of the first
driving signal Vinit may be about -6 V, the low voltage
ELVDDL of the first power source signal ELVDD may be
about -2 V, and the second power source signal ELVSS may
be about 0 V.

[0180] The plurality of scanlines SL.1, ..., SLn, ..., SLN
may simultaneously receive the low voltages VGL of the
plurality of scan signals S(1), . .., S(n), . . . S(N). Thus, an
n-th scan line SLn receives the low voltage VGL of an n-th
scan signal S(n). For example, the low voltage VGL of the
scan signal may be about =10 V.

[0181] The plurality of data lines DL1, . .., DLm, ...,
DLM may receive a reference voltage Vref. The reference
voltage Vref may be equal to or lower than a lowest voltage
in a voltage range of the data voltage. For example, when the
voltage range of the data voltage is about 1.5 V to about 4.5
V, the reference voltage Vref may be equal to or lower than
about 1.5V.

[0182] Referring to a method of driving the pixel circuit
PC2 in the first period ‘a’, the low voltage initL of the first
driving signal Vinit is applied to the first node N1. The first
transistor T1 is turned on in response to the low voltage initl
of the first driving signal Vinit applied to the first node N1.
The second transistor T2 is turned on in response to the low
voltage VGL of the n-th scan signal S(n). The anode
electrode of the organic light emitting diode OLED con-
nected to the second node N2 may be initialized by the low
voltage initL of the first driving signal Vinit.

[0183] The low voltage ELVDD; of the first power source
signal ELVDD may be higher than the low voltage initl of
the first driving signal Vinit. The low voltage ELVDDL of
the first power source signal ELVDD is applied to the second
node N2 through the turned-on first transistor T1.

[0184] During the first period ‘a’, the anode electrodes of
the organic light emitting diodes OLED in all pixels may be
initialized by the low voltage initL of the first driving signal
Vinit, simultaneously.

[0185] Referring to the second period ‘b’, the first voltage
line VL1 is configured to receive the low voltage initl of the
first driving signal Vinit, the third voltage line VL3 is
configured to receive the high voltage VGH of second
driving signal Vcomp, and the second voltage line VL2 is
configured to receive a low voltage ELVDD, of the first
power source signal ELVDD. The cathode electrode of the
organic light emitting diode OLED is configured to receive
the second power source signal ELVSS.
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[0186] The plurality of scan lines SL.1,...,SLn, ..., SLN
is configured to simultaneously receive low voltages VGL of
the plurality of scan signals S(1), .. ., S(n), . .. S(N) as the
first period ‘a’.

[0187] The plurality of data lines DL1, ..., DLm, .. .,
DLM is configured to receive the reference voltage Vref as
the first period ‘a’.

[0188] Referring to the method of driving the pixel circuit
PC2 in the second period ‘b’, the second transistor T2 is
turned on in response to the low voltage VGL of the n-th
scan signal S(n). The third transistor T3 is tumed off in
response to the high voltage VGH of the second driving
signal Vcomp.

[0189] The control electrode CE1 and the second electrode
E12 of the first transistor T1 are connected to each other
through the turned-on second transistor T2. The first tran-
sistor T1 of the P-type transistor includes the first electrode
E11 receiving the low voltage EVDDL of the first power
source signal ELVDD and the second electrode E12 receiv-
ing the low voltage initl of the first driving signal. Thus, the
first electrode E11 of the first transistor T1 may drive as the
source and the second electrode E12 may drive as the drain.
Therefore, the gate and the drain of the first transistor T1
may be connected through the turned-on second transistor
T2 and thus, the first transistor T1 may be diode-connected.
The first node N1 connected to the control electrode CE1 of
the first transistor T1 receives a voltage corresponding to a
difference voltage between the low voltage ELVDD, of the
first power source signal and the threshold voltage Vth,T1 of
the first transistor T1. When the first transistor T1 is the
P-type transistor, the threshold voltage of the first transistor
T1 may be a negative voltage. Hereinafter, the threshold
voltage of the first transistor T1 being the P-type transistor
may be an absolute value of the threshold voltage being the
negative number.

[0190] Therefore, the threshold voltages of the first tran-
sistors T1 1n all pixels may be simultaneously compensated
using the difference voltage between the low voltage
ELVDDL of the first power source signal ELVDD and the
threshold voltage Vth,T1 of corresponding first transistor
T1.

[0191] Referring to the third period ‘c’, the first voltage
line VL1 is configured to receive the low voltage initl of the
first driving signal Vinit, the third voltage line VL3 is
configured to receive the high voltage VGH of the second
driving signal Vcomp, and the second voltage line VL2 is
configured to receive the low voltage ELVDDL of the first
power source signal ELVDD. The cathode electrode of the
organic light emitting diode OLED is configured to receive
the second power source signal ELVSS.

[0192] Theplurality of scan lines SL.1,...,SLn, ..., SLN
is configured to sequentially receive low voltages VGL of
the plurality of scan signals S(1), . . ., S(n), . . . S(N). The
plurality of data lines DL1, . . ., DLm, . . ., DLM is
configured to receive the data voltage DATA corresponding
to the plurality of horizontal lines in synchronization with
the low voltages VGL of the plurality of scan signals S(1),
.o, S(m), ... SAN).

[0193] Therefore, the n-th scan line SLn receives the low
voltage VGL of an n-th scan signal S(n) during an n-th
horizontal period Hn of the third period ‘c’. The m-th data
line DLm receives an n-th data voltage Vdata(n) of an n-th
horizontal line corresponding to the n-th horizontal period
Hn during the n-th horizontal period Hn.
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[0194] Referring to the method of driving the pixel circuit
PC2 in the third period ‘¢’, the low voltage ELVDD; of the
first power source signal ELVDD is applied to the first
electrode E11 of the first transistor T1, and a voltage
corresponding to the n-th data voltage Vdata(n) is applied to
the second electrode E12 of the first transistor T1. A high
voltage higher than a voltage of the first electrode E11 of the
first transistor T1 is applied to the second electrode E12 of
the first transistor T1 and thus, a current may not flow
through the first transistor T1.

[0195] The second transistor T2 is turned on in response to
the low voltage VGL of the n-th scan signal S(n), and then
the first node N1 is connected to the second node N2. The
first capacitor Cst and the second capacitor Cpr are con-
nected to the first node N1 in series through the turned-on
second transistor T2.

[0196] The first transistor T1 which has the control elec-
trode CE1 connected to the first node N1 is turned off. The
first node N1 receives a voltage corresponding to a differ-
ence voltage between the low voltage ELVDD; of the first
power source signal ELVDD and the threshold voltage
Vth,T1 of the first transistor T1.

[0197] The third transistor T3 is turned off in response to
the high voltage VGH of the second driving signal Vcomp.
[0198] The n-th data voltage Vdata(n) corresponding to
the pixel circuit PC2 is applied to the m-th data line DLm.
The m-th data line DLm receives a difference voltage
(AVdata=Vdata(n)-Vref) between the n-th data voltage
Vdata(n) and the reference voltage Vref.

[0199] The first and second capacitors Cst and Cpr which
are connected to the first node N1 in series has a voltage
division ratio o corresponding to the first node N1.

[0200] The difference voltage AVdata is divided by the
voltage division ratio o of the first and second capacitors Cst
and Cpr and the divided voltage aAVdata corresponding to
the n-th data voltage Vdata(n) is applied to the first node N1.
[0201] Therefore, a voltage defined as the following Equa-
tion 6 may be applied to the first node N1 during the n-th
horizontal period Hn.

ELVDD, -V, ;+a:AV,

[0202] According to the exemplary embodiment, the third
period ‘¢’ may include a first holding period h1 correspond-
ing to an early period of the third period ‘c’ and a second
holding period h2 corresponding to a late period of the third
period ‘c’.

[0203] The first holding period h1 may correspond to a
period which is before a first horizontal period in which the
data voltage Vdata(1) of a first horizontal line is applied to
the plurality of data lines DL1, ..., DLm, ..., DLM. During
the first holding period hl, the reference voltage Vref is
applied to the plurality of data lines DL1, ..., DLm, .. .,
DLM and thus, the plurality of data lines DL1, .. ., DLm,
..., DLM may hold the reference voltage Vref before the
first horizontal period.

[0204] The second holding period h2 may correspond to a
period which is after an N-th horizontal period in which the
data voltage Vdata(N) of an N-th horizontal line, that is a last
horizontal line, is applied to the plurality of data lines DL1,
..., DLm,..., DLM. During the second holding period h2,
the reference voltage Vref is applied to the plurality of data
lines DL1, ..., DLm,. .., DLM and thus, the plurality of
datalines DL1,...,DLm, ..., DLM may hold the reference
voltage Vref after the N-th horizontal period.

Equation 6
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[0205] Referring to the fourth period °d’, the high voltage
initH of the first driving signal Vinit is applied to the first
voltage line VL1. The high voltage initH of the first driving
signal Vinit may be determined to a predetermined voltage
for turning on the first transistor T1. For example, the high
voltage initH of the first driving signal Vinit may be about
25V.

[0206] The third voltage line VL3 is configured to receive
the high voltage VGH of the second driving signal Vcomp.
[0207] The second voltage line VL2 is configured to
receive the high voltage ELVDDH of the first power source
signal ELVDD. For example, the high voltage ELVDDH of
the first power source signal ELVDD may be about 7 V.
[0208] The cathode electrode of the organic light emitting
diode OLED is configured to receive the second power
source signal ELVSS.

[0209] The plurality of scan lines SL1, . .., SLn, SLN is
configured to simultaneously receive high voltages VGH of
the plurality of scan signals S(1), . .., S(n), . . . S(N).
[0210] The plurality of data lines DL1, . . . , DLm, DLM
is configured to simultaneously receive the reference voltage
Vref.

[0211] Referring to the method of driving the pixel circuit
PC2 in the fourth period ‘d’, the first node N1 may have a
node voltage as the following Equation 7.

ELVDD -V, 71+ 0-AY 20tV e

[0212] In Equation 7, the difference voltage AVinit repre-
sents a difference voltage between the high and low voltages
initH and initl, of the first driving signal Vinit.

[0213] When the node voltage defined as the following
Equation 7 is applied to the control electrode CE1 of the first
transistor T1, the first transistor T1 is turned on based on the
difference voltage AVinit. Then, the high voltage ELVDD,,
of the first power source signal ELVDD is applied to the first
electrode E11 of the first transistor T1 and thus, a driving
current corresponding to the data voltage applied to the first
node N, may flow through the organic light emitting diode
OLED.

[0214] The second transistor T2 is turned off in response
to the high voltage VGH of the n-th scan signal S(n) and the
third transistor T3 is turned off in response to the high
voltage VGH of the second driving signal Vcomp.

[0215] Therefore, during the fourth period ‘d’, driving
currents corresponding to data voltages applied to the plu-
rality of pixels, may flow through organic light emitting
diodes OLEDs in the plurality of pixels and thus, the organic
light emitting diodes OLEDs in the plurality of pixels may
simultaneously emit the light.

[0216] According to the exemplary embodiment, the pixel
circuit may include only three transistors and two capacitors
and thus, an ultra high definition display may be easily
designed using the pixel circuit. In addition, the compen-
sating period in the frame period may be freely controlled
and thus, sufficiently obtained. In addition, whether the
organic light emitting diode emits or not the light may be
controlled by adjusting a level of the first power source
signal.

[0217] FIGS. 10 to 12 are circuit diagrams illustrating
pixel circuits according to exemplary embodiments.

[0218] Referring to FIG. 10, a pixel circuit PC3 may
include a first transistor T1, a second transistor T2, a third
transistor T3, a first capacitor Cst, a second capacitor Cpr
and an organic light emitting diode OLED. According to the

Equation 7
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exemplary embodiment, the second transistor T2 may have
a dual gate structure to avoid a leakage current.

[0219] Each of the first, second and third transistors T1, T2
and T3 in the pixel circuit PC3 may be an N-type transistor.
The pixel circuit PC3 having the N-type transistor may drive
as the pixel circuit PC1 described in the previous exemplary
referring to FIGS. 2 and 3.

[0220] Alternatively, each of the first, second and third
transistors T1, T2 and T3 in the pixel circuit PC3 may be a
P-type transistor. The pixel circuit PC3 having the P-type
transistor may drive as the pixel circuit PC2 described in the
previous exemplary referring to FIGS. 8 and 9.

[0221] Referring to FIG. 11, a pixel circuit PC4 may
include a first transistor T1, a second transistor T2, a third
transistor T3, a first capacitor Cst, a second capacitor Cpr
and an organic light emitting diode OLED. According to the
exemplary embodiment, the third transistor T3 may have a
dual gate structure to avoid a leakage current.

[0222] Each of the first, second and third transistors T1. T2
and T3 in the pixel circuit PC4 may be an N-type transistor.
The pixel circuit PC4 having the N-type transistor may drive
as the pixel circuit PC1 described in the previous exemplary
referring to FIGS. 2 and 3.

[0223] Alternatively, each of the first, second and third
transistors T1, T2 and T3 in the pixel circuit PC4 may be a
P-type transistor. The pixel circuit PC4 having the P-type
transistor may drive as the pixel circuit PC2 described in the
previous exemplary referring to FIGS. 8 and 9.

[0224] Referring to FIG. 12, a pixel circuit PC5 may
include a first transistor T1, a second transistor T2, a third
transistor T3, a first capacitor Cst, a second capacitor Cpr
and an organic light emitting diode OLED. According to the
exemplary embodiment, the second and third transistors T2
and T3 may have a dual gate structure to avoid a leakage
current.

[0225] Each of the first, second and third transistors T1, T2
and T3 in the pixel circuit PC5 may be an N-type transistor.
The pixel circuit PC5 having the N-type transistor may drive
as the pixel circuit PC1 described in the previous exemplary
referring to FIGS. 2 and 3.

[0226] Alternatively, each of the first, second and third
transistors T1, T2 and T3 in the pixel circuit PC5 may be
P-type transistor. The pixel circuit PC5 having the P-type
transistor may drive as the pixel circuit PC2 described in the
previous exemplary referring to FIGS. 8 and 9.

[0227] According to the exemplary embodiment, the pixel
circuit may include only three transistors and two capacitors
and thus, an ultra high definition display may be easily
designed using the pixel circuit. In addition, the length of the
compensating period in the frame period may be freely
controlled and thus, a sufficient compensating period is
obtained. In addition, whether the organic light emitting
diode emits or not the light may be controlled by adjusting
a level of the first power source signal. In addition, the
leakage current of the transistor may be avoided.

[0228] FIG. 13 is a plan view illustrating a display part of
a display apparatus according to an exemplary embodiment.
[0229] Referring to FIGS. 2 and 13, the pixel circuit may
be formed in a pixel circuit area PA. Thus, the first voltage
line VL1, the second voltage line VL2, the third voltage line
VL3, the n-th scan line SLn, the m-th data line DLm, first
transistor T1, the second transistor T2, the third transistor
T3, the first capacitor Cst and the second capacitor Cpr may
be formed in the pixel circuit area PA.
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[0230] The first voltage line VL1 may transfer a first
driving signal Vinit and extend in the first direction D1.
[0231] The second voltage line VL2 may transfer a first
power source signal ELVDD and extend in the first direction
D1.

[0232] The third voltage line VL3 may transfer a second
driving signal Vcomp and extend in the second direction D2.
[0233] The n-th scan line SLn may transfer an n-th scan
signal S(n) and extend in the second direction D2.

[0234] The m-th data line DLm may transfer a data
voltage and extend in the first direction D1. The m-th data
line DLm may be formed across a central area of the pixel
circuit area PA.

[0235] The first transistor T1 may include a control elec-
trode CE1, a first electrode E11, and a second electrode E12.
The control electrode CE1 may have an island shape and be
formed in the central area of the pixel circuit area PA. The
first electrode E11 may be defined in a portion area of the
second voltage line VL2 which is connected to an active
pattern ACT through a first contact part CH1. The second
electrode E12 may be defined in a portion area of the second
capacitor Cpr which is connected to the active pattern ACT
through a second contact part CH2.

[0236] The second transistor T2 may include a control
electrode CE2, a first electrode E21, and a second electrode
E22. The control electrode CE2 may be defined in a portion
area of the n-th scan line SLn. The first electrode E21 may
be defined as an electrode which is connected to the active
pattern ACT through a third contact part CH3. The second
electrode E22 may be defined in a portion area of the second
capacitor Cpr which is connected to the active pattern ACT
through the second contact part CH2. The first electrode E21
may be connected to the control electrode CE1 of the first
transistor T1 through a fourth contact part CH4.

[0237] The third transistor T3 may include a control
electrode CE3, a first electrode E31, and a second electrode
E32. The control electrode CE3 may be defined in a portion
area of the third voltage line VL2. The first electrode E31
may be defined in a portion area of the third voltage line VL3
which is connected to the active pattern ACT through a fifth
contact part CH5. The second electrode E32 may be defined
in a portion area of the second capacitor Cpr which is
connected to the active pattern ACT through the second
contact part CH2.

[0238] The third voltage line VL3 may be connected to the
third voltage line VL3 which is formed in an adjacent pixel
circuit area, through a connection line and a sixth contact
part CH6.

[0239] The first capacitor Cst may be defined in an over-
lapping area in which an electrode extending in the second
direction D2 from the first voltage line VL1 overlaps with
the control electrode CE1 of the first transistor T1.

[0240] The second capacitor Cpr may be defined in an
overlapping area in which an electrode having the island
shape in the central area of the pixel circuit area PA overlaps
with the m-th data line DLm. The second capacitor Cpr may
overlap with the first capacitor Cst.

[0241] FIG. 14 is a cross-sectional view taken along a line
I-I' of FIG. 13. FIGS. 15 to 19 are plan views illustrating a
method of manufacturing of the display part according to an
exemplary embodiment.

[0242] Referring to FIGS. 2, 14 and 15, the display part
may include a base substrate 111.
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[0243] The base substrate 111 may include an insulation
material. For example, the base substrate 111 may include a
glass, a transparent plastic, a transparent metal oxide, etc.

[0244] The active pattern ACT may be disposed on the
base substrate 111. The active pattern ACT may include
silicon. Alternatively, the active pattern ACT may be formed
of a semiconductor oxide including a binary compound
(ABx), a ternary compound (ABxCy), a quaternary com-
pound (ABxCyDz), etc. which contain indium, zinc, gal-
lium, tin, titanium, aluminum, hafnium (Hf), zirconium (Zr),
magnesium (Mg), etc. These compounds may be used alone
or in combination thereof.

[0245] The active pattern ACT may include first to sixth
areas al, a2, a3, a4, a5 and a6. The first to sixth areas al, a2,
a3, ad, a5 and a6 may be doped with an impurity, and thus
may have electrical conductivity higher than those of other
regions of the active pattern ACT. The first to sixth areas al,
a2, a3, a4, a5 and a6 may be first and second electrodes of
first, second and third transistors T1, T2 and T3. Boundaries
between the first to sixth areas al, a2, a3, a4, a5 and a6 may
not be clearly defined and first to sixth areas al, a2, a3, ad,
a5 and a6 may be electrically connected to each other.

[0246] A gate insulating layer 112 may be disposed on the
active pattern ACT. The gate insulating layer 112 may
include a silicon compound, metal oxide, etc. For example,
the gate insulation layer may include silicon oxide, silicon
nitride, silicon oxynitride, aluminum oxide, tantalum oxide,
hafnium oxide, zirconium oxide, titanium oxide, etc., which
may be used alone or in combination thereof. In one
embodiment, the gate insulation layer 112 may have a
multilayer structure including a silicon oxide layer and
silicon nitride layer.

[0247] A first conductive pattern MET1 which is patterned
from a first conductive layer, may be disposed on the gate
insulating layer 112. The first conductive layer may include
metal, alloy, metal nitride, conductive metal oxide, trans-
parent conductive material, etc., which may be used alone or
in combination thereof.

[0248] The first conductive pattern MET1 may include the
n-th scan line SLn, the control electrode CE2 of the second
transistor T2, the third voltage line VL3, the control elec-
trode CE3 of the third transistor T3, the control electrode
CE1 of'the first transistor T1, and the first capacitor electrode
CSE1 of the first capacitor Cst.

[0249] The n-th scan line SLn may extend in the second
direction D2.
[0250] The control electrode CE2 of the second transistor

T2 may be defined in a portion area of the n-th scan line SLn.
[0251] The third voltage line VL3 may be disposed in
parallel with the n-th scan line SLn.

[0252] The control electrode CE3 of the third transistor T3
may be defined in a portion area of the third voltage line
VL3.

[0253] The control electrode CE1 of the first transistor T1
may have an island shape and be disposed in a central area
of the pixel circuit area PA.

[0254] The first capacitor electrode CSE1 of the first
capacitor Cst may be defined in a portion area of the control
electrode CEL.

[0255] Referring to FIGS. 2, 14 and 16, a first insulating
interlayer 113 may be disposed on the first conductive
pattern MET1. The first insulating interlayer 113 may be
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formed of a silicon oxide, a silicon nitride, a silicon oxyni-
tride, and etc. These may be used alone or in combination
with each other.

[0256] The pixel circuit area PA may include a third
contact part CH3, a fourth contact part CH4 and a fifth
contact part CH5. The gate insulating layer 112 and the first
insulating interlayer 113 are etched to form the third and fifth
contact parts CH3 and CHS5. The insulating interlayer 113
are etched to form the fourth contact part CH4.

[0257] A second conductive pattern MET2 which is pat-
terned from a second conductive layer, may be disposed on
the first insulating interlayer 113. The second conductive
layer metal, alloy, metal nitride, conductive metal oxide,
transparent conductive material, etc., which may be used
alone or in combination thereof.

[0258] The second conductive pattern MET2 may include
the first voltage line VL1, a second capacitor electrode CSE2
of the first capacitor Cst, a first electrode E21 of the second
transistor T2 and the first electrode E31 of the third transistor
T3.

[0259] The first voltage line VL1 may extend in the first
direction D1. The second capacitor electrode CSE2 of the
first capacitor Cst may extend in the second direction D2
from the first voltage line VL1. The first capacitor Cst may
be defined by the first electrode CSE1 of the first conductive
pattern MET1 and the second capacitor electrode CSE2 of
the second conductive pattern MET2.

[0260] A first end portion of the first electrode E21 may be
connected to the active pattern ACT through the third
contact part CH3 and a second end portion of the first
electrode E21 may be connected to the control electrode
CE1 of the first transistor T1 through the fourth contact part
CH4.

[0261] The first electrode E31 of the third transistor T3
may be defined in a portion area of the first voltage line VL1
and be connected to the active pattern ACT through the fifth
contact part CHS.

[0262] Referring to FIGS. 2, 14 and 17, a second insulat-
ing interlayer 114 may be disposed on the second conductive
pattern MET2. The pixel circuit area PA may include a sixth
contact part CH6 in which the first and second insulating
interlayers 113 and 114 are etched.

[0263] A third conductive pattern MET3 which is pat-
terned from a third conductive layer, may be disposed on the
second insulating interlayer 114. The third conductive pat-
tern MET3 may include the m-th data line DLm, a third
capacitor electrode CPE1 of the second capacitor Cpr and a
connection electrode EE.

[0264] The m-th data line DLm may extend in the first
direction D1 and be disposed in the central area of the pixel
circuit area PA.

[0265] The third capacitor electrode CPE1 of the second
capacitor Cpr may extend from the m-th data line DLm.
[0266] The connection electrode EE may be connected to
the third voltage line VL3 and a third voltage line VL3
which is disposed in an adjacent pixel circuit area, through
the sixth contact part CH6.

[0267] Referring to FIGS. 2, 14 and 18, a third insulating
interlayer 115 may be disposed on the third conductive
pattern MET3. The pixel circuit area PA may include a first
contact part CH1 and a second contact part CH2 in which the
gate insulating layer 112, the first insulating interlayer 113,
the second insulating interlayer 114 and the third insulating
interlayer 115 are etched.
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[0268] A fourth conductive pattern MET4 which is pat-
terned from a fourth conductive layer may be disposed on
the third insulating interlayer 115.

[0269] The fourth conductive pattern MET4 may include
the second voltage line VL2, the first electrode E11 of the
first transistor T1, a fourth capacitor electrode CPE2 of the
second capacitor Cpr, the second electrode E12 of the first
transistor T1, the second electrode E22 of the second tran-
sistor T2 and the second electrode E32 of the third transistor
T3.

[0270] The second voltage line VL2 may extend in the first
direction D1 and may define a width of the pixel circuit area
PA in the first direction D1 together with a second voltage
line VL2 in the adjacent pixel circuit area PA.

[0271] The first electrode E11 of the first transistor T1 may
be defined in a portion area of the second voltage line V1.2
connected to the active pattern AC through the first contact
part CHI.

[0272] The fourth capacitor electrode CPE2 of the second
capacitor Cpr may have an island shape and be disposed in
the central area of the pixel circuit area PA. The second
capacitor Cpr may be defined by the third capacitor elec-
trode CPE1 of the third conductive pattern MET3 and the
fourth capacitor electrode CPE2 of the fourth conductive
pattern MET4.

[0273] The second electrode E12 of the first transistor T1,
the second electrode E22 of the second transistor T2 and the
second electrode E32 of the third transistor T3 may respec-
tively defined in portion areas of the fourth capacitor elec-
trode CPE2 connected to the active pattern ACT through the
second contact part CH2.

[0274] Referring to FIGS. 2, 14 and 19, a fourth insulating
interlayer 116 may be disposed on the fourth conductive
pattern MET4. The fourth insulating interlayer 116 may be
formed with a high thickness to sufficiently cover the fourth
conductive pattern MET4.

[0275] The pixel circuit area PA may include a seventh
contact part CH7 in which the fourth insulating interlayer
116 is etched.

[0276] A first pixel electrode PE1 may be disposed on the
fourth insulating interlayer 116. The first pixel electrode PE1
may correspond to the anode electrode of the organic light
emitting diode.

[0277] A pixel defining layer 117 may be disposed on the
fourth insulating interlayer 116 on which the first pixel
electrode PE1 is formed.

[0278] The pixel defining layer 117 may form an opening
on a portion area of the first pixel electrode PE1, and the
organic light emitting layer EL. may be disposed in the
opening. Thus, the organic light emitting layer EL may be on
the first pixel electrode PE1 exposed through the opening of
the pixel defined layer 117.

[0279] A second pixel electrode PE2 may be disposed on
the organic light emitting layer EL. The second pixel elec-
trode PE2 may correspond to the cathode electrode of the
organic light emitting diode. The second pixel electrode PE2
may be commonly disposed in the plurality of pixel circuit
areas.

[0280] According to the exemplary embodiments, the
pixel circuit may include only three transistors and two
capacitors and thus, an ultra high definition display may be
easily designed using the pixel circuit. In addition, the length
of the compensating period in the frame period may be
freely controlled and thus, a suflicient compensating period
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is obtained. In addition, whether the organic light emitting
diode emits or not the light may be controlled by adjusting
a level of the first power source signal.

[0281] The foregoing is illustrative of the inventive con-
cept and is not to be construed as limiting thereof. Although
a few exemplary embodiments of the inventive concept have
been described, those skilled in the art will readily appre-
ciate that many modifications are possible in the exemplary
embodiments without materially departing from the novel
teachings and advantages of the inventive concept. Accord-
ingly, all such modifications are intended to be included
within the scope of the inventive concept as defined in the
claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function and not only structural equivalents
but also equivalent structures, Therefore, it is to be under-
stood that the foregoing is illustrative of the inventive
concept and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other
exemplary embodiments, are intended to be included within
the scope of the appended claims. The inventive concept is
defined by the following claims, with equivalents of the
claims to be included therein.

What is claimed is:

1. A display apparatus which comprises a plurality of
pixels, each pixel of the plurality of pixels comprising:

an organic light emitting diode emitting a light;

a first voltage line receiving a first driving signal;

a second voltage line receiving a power source signal;

a third voltage line receiving a second driving signal;

a first transistor comprising a first electrode connected to
the second voltage line and a second electrode con-
nected to the organic light emitting diode;

a second transistor comprising a control electrode con-
nected to an n-th scan line (wherein, ‘n’ is a natural
number), a first electrode connected to a control elec-
trode of the first transistor and a second electrode
connected to the organic light emitting diode; and

a third transistor comprising a control electrode connected
to the third voltage line, a first electrode connected to
the first voltage line and a second electrode connected
to the organic light emitting diode.

2. The display apparatus of claim 1, further comprising:

a first capacitor connected between the first voltage line
and the control electrode of the first transistor; and

a second capacitor connected between an m-th data line
and the organic light emitting diode (wherein, ‘m’ is a
natural number).

3. The display apparatus of claim 2, wherein each of the

first, second and third transistors is an N-type transistor.

4. The display apparatus of claim 3, wherein during a first
period of a frame period, the first voltage line receives a low
voltage of the first driving signal, the second voltage line
receives a high voltage of the power source signal, the third
voltage line receives a high voltage of the second driving
signal and the n-th scan line receives a high voltage of a scan
signal.

5. The display apparatus of claim 4, wherein during a
second period of the frame period, the first voltage line
receives a low voltage of the first driving signal, the second
voltage line receives a low voltage of the power source
signal lower than the low voltage of the first driving signal,
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the third voltage line receives a low voltage of the second
driving signal, and the n-th scan line receives a high voltage
of the scan signal.

6. The display apparatus of claim 5, wherein during a third
period of the frame period, the first voltage line receives a
low voltage of the first driving signal, the second voltage
line receives a high voltage of the power source signal, the
third voltage line receives a low voltage of the second
driving signal, the n-th scan line receives a high voltage of
the scan signal during an n-th horizontal period in the third
period, and the m-th data line receives a data voltage
corresponding to a plurality of horizontal lines.

7. The display apparatus of claim 6, wherein during the
n-th horizontal period, a data voltage corresponding to an
n-th horizontal line is divided by a voltage division ratio of
the first and second capacitors which are connected in series
and divided voltage is applied to the control electrode of the
first transistor.

8. The display apparatus of claim 6, wherein the m-th data
line receives a reference voltage before the m-th data line
receives a data voltage corresponding to a first horizontal
line of a plurality of horizontal lines, and

the m-th data line receives a reference voltage after the

m-th data line receives a data voltage corresponding to
a last horizontal line of a plurality of horizontal lines.

9. The display apparatus of claim 8, wherein the m-th data
line receives a reference voltage before the first voltage line
receives a high voltage of the first driving signal and,

the reference voltage is equal to or lower than a lowest

voltage in a voltage range of the data voltage.

10. The display apparatus of claim 6, wherein during a
fourth period of the frame period, the first voltage line
receives a high voltage of the first driving signal, the second
voltage line receives a high voltage of the power source
signal, the third voltage line receives a low voltage of the
second driving signal, and the n-th scan line receives a low
voltage of the scan signal.

11. The display apparatus of claim 10, wherein when a
difference voltage between the high voltage and the low
voltage of the first driving signal is applied to the control
electrode of the first transistor,

the first transistor is turned on and a driving current

corresponding to the data voltage applied to the control
electrode of the first transistor flows through the
organic light emitting diode.

12. The display apparatus of claim 2, wherein each of the
first, second and third transistors is a P-type transistor.

13. The display apparatus of claim 12, wherein during a
first period, the first voltage line receives a low voltage of the
first driving signal, the second voltage line receives a low
voltage of the power source signal, the third voltage line
receives a low voltage of the second driving signal, and the
n-th scan line receives a low voltage of the scan signal.

14. The display apparatus of claim 13, wherein the low
voltage of the power source signal is higher than the low
voltage of the first driving signal.

15. The display apparatus of claim 13, wherein during a
second period of the frame period, the first voltage line
receives a low voltage of the first driving signal, the second
voltage line receives a low voltage of the power source
signal, the third voltage line receives a high voltage of the
second driving signal and the n-th scan line receives a low
voltage of the scan signal.
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16. The display apparatus of claim 15, wherein during a
third period of the fame period, the first voltage line receives
a low voltage of the first driving signal, the second voltage
line receives a low voltage of the power source signal, the
third voltage line receives a high voltage of the second
driving signal, the n-th scan line receives a low voltage of
the scan signal during an n-th horizontal period in the third
period, and the m-th data line receives a data voltage
corresponding to a plurality of horizontal lines.

17. The display apparatus of claim 16, wherein during the
n-th horizontal period, a data voltage corresponding to an
n-th horizontal line is divided by a voltage division ratio of
the first and second capacitors which are connected in series
and divided voltage is applied to the control electrode of the
first transistor.

18. The display apparatus of claim 16, wherein the m-th
data line receives a reference voltage before the m-th data
line receives a data voltage corresponding to a first horizon-
tal line of a plurality of horizontal lines, and

the m-th data line receives a reference voltage after the
m-th data line receives a data voltage corresponding to
a last horizontal line of a plurality of horizontal lines.
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19. The display apparatus of claim 18, wherein the m-th
data line receives a reference voltage before the first voltage
line receives a high voltage of the first driving signal, and

the reference voltage is equal to or lower than a lowest

voltage in a voltage range of the data voltage.

20. The display apparatus of claim 16, wherein during a
fourth period of the frame period, the first voltage line
receives a high voltage of the first driving signal, the second
voltage line receives a high voltage of the power source
signal, the third voltage line receives a high voltage of the
second driving signal, and the n-th scan line receives a high
voltage of the scan signal.

21. The display apparatus of claim 20, wherein when a
difference voltage between the high voltage and the low
voltage of the first driving signal is applied to the control
electrode of the first transistor,

the first transistor is turned on and a driving current

corresponding to the data voltage applied to the control
electrode of the first transistor flows through the
organic light emitting diode.

22. The display apparatus of claim 1, wherein at least one
of the second and third transistors has a dual gate structure.
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