US 2018022602

a9y United States

Al

b
3

12) Patent Application Publication (o) Pub. No.: US 2018/0226023 Al

PARK et al. (43) Pub, Date: Aug. 9, 2018
(54) PIXEL AND DISPLAY DEVICE HAVING THE (52) US. CL
SAME CPC ... G09G 3/3233 (2013.01); GO9G 2310/0264
(2013.01); G09G 3/3258 (2013.01); HOIL
(71)  Applicant: SAIVI.SU'NG DISPLAY CO., LTD,, 51/5203 (2013.01)
Yongin-si (KR)
(72) Inventors: Jun-Hyun PARK, Suwon-si (KR);
Young-Wan SEO, Suwon-si (KR); G7) ABSTRACT
An-Su LEE, Seoul (KR): Bo-Yong
CHUNG, Suwon-si (KR); Kang-Moon
JO, Hwaseong-si (KR); Chong-Chul A display panel driver drives pixels based on first power
CHAL Seoul (KR) having at least three voltage levels, second power having a
constant voltage, and third power having two voltage levels.
(21) Appl. No.: 15/862,944 Each pixel includes a first transistor connected between first
(22) Filed: Jan. 5. 2018 and second nodes and including a gate electrode to receive
' T a scan signal, a second transistor connected between the
(30) Foreign Application Priority Data second node and a third node in series with the first transistor
and including a gate electrode to receive the third power, and
Feb. 6, 2017  (KR) oeeeieeerene. 10-2017-0016283 a driving transistor connected between a source of the first
L o power and the third node and including a gate electrode
Publication Classification connected to the first electrode to control a driving current
(51) Int. CL for an organic light emitting diode. A first capacitor is
G09G 3/3233 (2016.01) connected between a source of the third power and the first
HOIL 51/52 (2006.01) node, and a second capacitor is connected between the
G09G 3/3258 (2016.01) second node and one of the data lines.
100
j/
| |
% | CONZ, DATA g
g TINING e
: CONTROLLER DATA DRIVER 146
% | %
E CONS thOv‘\H ‘[ DL1 - [ Di..m
i E p ] e e
3 s | o "
] . . —~—120
1447 —1DRIVER |  *| :
sL2 |
| ELVDD |
i POWER FLvSS |
1487 guppLy
| VINT




Aug. 9,2018 Sheet 1 of 14 US 2018/0226023 A1

Patent Application Publication

| A Aladns ||
_ —— 8l

EERE yamod | |

CINE |

1218

: b | wanea || |

e 01~ d |

L —~ oyl

N Ll S .3 S L4 5 1nod ENOD :

Oy L HIAIHO Y1VQ HITIOHINGD ||
| ~—- bl

M vival ‘gnoo|  SNINLL W

00+



Aug. 9,2018 Sheet 2 of 14 US 2018/0226023 A1

Patent Application Publication

FIG. 2

P4

llllllllll llllll!llll|!I|Itlllllllll| T
L
ot oy .
| .
D [
o
>
—
F..I.—_
Lu
o
)
>
‘‘‘‘‘‘‘‘ PUNOIITOR SUURUITTURSIUEL UN SSURDTUY S0y [P I NGIIIEE DT SIUUN VUG USRS UUN NI VTS U VNI RO S S UOUOG SUDA UGN IV NSOUSUUS U [N OUUR SR UL DR
Mm
a
=
III|“|I||I|I||II||.|.I;||I_I lllllllllllllllllllllllllll
= = = § 9 - =
o Zp) b = = = .. = =
> = = <€ =T <C - =T
-t - e D D <2 = B
i (e} > 175 5] 5] Mnu P
175)




Patent Application Publication  Aug. 9, 2018 Sheet 3 of 14 US 2018/0226023 A1

FIG. 3

ELVOD  DATA
DL
Cf
N
VINT | [
N2 T2 |y
c2

SCAN(K)




Patent Application Publication  Aug. 9,2018 Sheet 4 of 14 US 2018/0226023 A1

i
(@]
o
i
i
"’-_.—"_ .

— -
<t ~
o &)

<
1
om .
=
Iz ~.
c:i. ?
o
> =
<t
T— £, s o3
o4
s [
Li. .._1{
o2
o- a
=
2(
Qal
X a
=
1
—
o
‘A
i
i
i
i
o
= = O
o) A _ = <C -
> => = <C — A B ap) - S
i g — S = Z = << J
L oL > o = = > (i —



US 2018/0226023 A1

e

ALTHM :A9=VY1VOA

i

w|%|w_

| rommrr—e

Aug. 9,2018 Sheet 5 of 14

¥

H QdA

17aaA

W QaA

Gd

Patent Application Publication

¥d

€d

g 9l4

¢d

d

a310 |

v1v@

ENA
NA
LNA
(1INYOS

INTA
HA

SSA'HE

aanid



US 2018/0226023 A1

AL THM TAO=V1VdA

CERO

.

Aug. 9,2018 Sheet 6 of 14

v1vda

ENA-

SNA

ENA

(X INVOS

LT

HA

H Qan

Gd

Patent Application Publication

7 aaA

LW GaA

SSATd

aaant3

€d

9 "Oli4

&d

td




Patent Application Publication  Aug. 9,2018 Sheet 7 of 14 US 2018/0226023 A1

FIG. 7

ELVDD  DATA

VINT H NI [TD

T N2 T2 |y




Patent Application Publication  Aug. 9,2018 Sheet 8 of 14 US 2018/0226023 A1

FIG. 8
ELVDD DATA
—0L
1o
| R x
VIt [l Lo
Tt N2 712 N3




Patent Application Publication

ELVDD

ELVSS
(DC)

VH

VINT
VL

SCAN(k)

Aug. 9,2018 Sheet 9 of 14 US 2018/0226023 A1
FIG. 9
i P1{ P2 P P4 P5
VDD_H
VDD_M ,
= VDD_L




Patent Application Publication  Aug.9,2018 Sheet 10 of 14  US 2018/0226023 A1

FIG. 10

ELVDD  DATA

—DL

[ N1 |
VINT | [

N2 T2 |\

I
Tl

GW

SCAN(K)

¥OLED

ELVSS



Patent Application Publication  Aug.9,2018 Sheet 11 of 14  US 2018/0226023 A1

VINT

FIG. 11

ELVDD DATA

~—DL

LN |
] [

T N2 T2 |ys




Patent Application Publication  Aug.9,2018 Sheet 12 of 14  US 2018/0226023 A1

FIG. 12

ELVDD  DATA

— DL

VINT = q[ ™




Patent Application Publication

Aug. 9,2018 Sheet 13 of 14  US 2018/0226023 A1

<

1000

1010 1020 1030
- NENORY STORAGE
PROCESSOR DEVICE DEVICE
110 PONER DISPLAY
DEVICE SUPPLY DEVICE

1040 1050 1060



Patent Application Publication  Aug.9,2018 Sheet 14 of 14  US 2018/0226023 A1

FIG. 14

1000




US 2018/0226023 Al

PIXEL AND DISPLAY DEVICE HAVING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2017-0016283,
filed on Feb. 6, 2017, and entitled, “Pixel and Display
Device Having the Same,” is incorporated by reference
herein in its entirety.

BACKGROUND

1. Field

[0002] One or more embodiments described herein relate
to a display device.

2. Description of the Related Art

[0003] A display device includes a plurality of pixels that
emit light for forming an image. Each pixel emit light based
on a corresponding data voltage. A display device controlled
by a progressive emission method is sequentially driven in
a row-by-row basis to emit light. A display device controlled
by a simultaneous emission method emits light from all
pixels simultaneously.

[0004] When driven by the simultaneous emission
method, each pixel may compensate the threshold voltage of
its driving transistor and initialize the anode voltage of its
organic light emitting diode in order to improve display
quality. However, the circuit elements used for compensa-
tion and initialization increase pixel size. This makes the
formation of high resolution displays difficult.

[0005] Also, in each pixel, a current leakage path from the
driving transistor to the organic light emitting diode may be
formed during a data writing period when the display device
is driven in the simultaneous emission method. As a result,
display defects (e.g., luminance unevenness, cross-talk, etc.)
may be visible.

SUMMARY

[0006] In accordance with one or more embodiments, a
display device includes a display panel including a plurality
of pixels; and a display panel driver to drive a plurality of
scan lines and a plurality of data lines and to provide first
power having at least three voltage levels, second power
having a constant voltage, and third power having two
voltage levels, wherein each of the pixels includes: a first
transistor connected between a first node and a second node
and including a gate electrode to receive a scan signal; a
second transistor connected between the second node and a
third node in series with the first transistor and including a
gate electrode to receive the third power; a driving transistor
connected between a source of the first power and the third
node and including a gate electrode connected to a first
electrode to control a driving current; an organic light
emitting diode, between the third node and a source of the
second power, to emit light based on the driving current; a
first capacitor connected between a source of the third power
and the first node; and a second capacitor connected between
the second node and one of the data lines.

[0007] The display panel may be driven in a frame which
includes: a first initialization period to initialize a third node
voltage, a second initialization period after the first initial-
ization period to initialize a gate voltage of the driving
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transistor, a compensation period after the second initializa-
tion period to compensate a threshold voltage of the driving
transistor, a writing period after the compensation period to
sequentially write data voltages, and an emission period
after the writing period in which the pixels are to simulta-
neously emit light. The driving transistor, the first transistor,
and the second transistor may be n-channel metal oxide
semiconductor (NMOS) transistors.

[0008] The first power may have one of a first voltage
level, a second voltage level less than the first voltage level,
or a third voltage level greater than the first voltage level,
and the third power may have one of a first initialization
voltage level to turn on the second transistor or a second
initialization voltage level less than the first initialization
voltage level to turn off the second transistor.

[0009] In the first initialization period, the first power has
the first voltage level less than the second power, the third
power has the first initialization voltage level, and the scan
signal has a turn-on level. In the second initialization period,
the first power has the second voltage level, the third power
has the first initialization voltage level, and the scan signal
has a turn-off level. In the compensation period, the first
power has the second voltage level, the third power has the
first initialization voltage level, and the scan signal has a
turn-off level. In the writing period, the first power has the
third voltage level greater than the second power, the third
power has the second initialization voltage level, and the
scan signal has a turn-on level and is to be sequentially
provided to the scan lines in an order of pixel rows. The
second transistor may be turned off to electrically disconnect
the first node and the third node in the writing period.
[0010] In the emission period, the first power has the third
voltage level greater than the second power, the third power
has the first initialization voltage level, and the scan signal
has a turn-off level.

[0011] In the writing period, the first power may have the
first voltage level or the third voltage level, the third power
may have the second initialization voltage level, and the
scan signal may have a turn-on level and 1s to be sequentially
provided to the scan lines in an order of pixel rows.
[0012] In the emission period, the first power may have a
fourth voltage level greater than the third voltage level, the
third power may have the first initialization voltage level,
and the scan signal may have a turn-off level. The driving
transistor and the second transistor may be n-channel metal
oxide semiconductor (NMOS) transistors, and the first tran-
sistor may be a p-channel metal oxide semiconductor
(PMOS) transistor.

[0013] The display panel driver may provide the first
power at a first voltage level less than the second power
during the first and second initialization periods, provide the
first power at a second voltage level less than the first
voltage level during the compensation period, and provide
the first power at a third voltage level greater than the second
power during the writing and emission periods.

[0014] The display panel driver may provide the first
power at a first voltage level less than the second power
during the first and second initialization periods, provide the
first power at a second voltage level less than the first
voltage level during the compensation period, provide the
first power at a third voltage level greater than the first
voltage level during the writing period, and provide the first
power at a fourth voltage level greater than the first voltage
level and the second power during the emission period.
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[0015] In accordance with one or more other embodi-
ments, a pixel includes a first transistor connected between
a first node and a second node and including a gate electrode
to receive a scan signal; a second transistor connected
between the second node and a third node in series with the
first transistor and including a gate electrode to receive an
initialization power having two voltage levels; a driving
transistor connected between a source of first power having
at least three voltage levels and the third node, the driving
transistor including a gate electrode connected to the first
electrode to control a driving current; an organic light
emitting diode connected between the third node and a
source of second power to emit light based on the driving
current; a first capacitor connected between a source of third
power and the first node; and a second capacitor connected
between the second node and a data lines.

[0016] The driving transistor and the first transistor may
be different types of metal oxide semiconductor (MOS)
transistors. The driving transistor and the second transistor
may be n-channel metal oxide semiconductor (NMOS)
transistors, and the first transistor may be a p-channel metal
oxide semiconductor (PMOS) transistor. The first transistor
may be a low temperature poly silicon (LTPS) thin film
transistor. The second transistor may be an oxide thin film
transistor or a low temperature poly silicon LUTPS thin film
transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0018] FIG. 1 illustrates an embodiment of a display
device;
[0019] FIG. 2 illustrates an embodiment of signals for

controlling the display device;

[0020] FIG. 3 illustrates an embodiment of a pixel;
[0021] FIG. 4 illustrates an embodiment of signals for
controlling the pixel,

[0022] FIG. 5 illustrates another embodiment of signals
for controlling the pixel;

[0023] FIG. 6 illustrates an embodiment of signals for
controlling the pixel,

[0024] FIG. 7 illustrates another embodiment of a pixel,
[0025] FIG. 8 illustrates another embodiment of a pixel,
[0026] FIG. 9 illustrates an embodiment of signals for

controlling the pixel in FIG. 8;

[0027] FIG. 10 illustrates another embodiment of a pixel,
[0028] FIGS. 11 and 12 illustrate other embodiments of a
pixel;

[0029] FIG. 13 illustrates an embodiment of an electronic
device; and

[0030] FIG. 14 illustrates an embodiment of in a head

mount display.

DETAILED DESCRIPTION

[0031] Example embodiments are described with refer-
ence to the drawings; however, they may be embodied in
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will convey exemplary implementations to
those skilled in the art. The embodiments (or portions
thereof) may be combined to form additional embodiments
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[0032] 1In the drawings, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred
to as being “on” another layer or substrate, it can be directly
on the other layer or substrate, or intervening layers may
also be present. Further, it will be understood that when a
layer is referred to as being “under” another layer, it can be
directly under, and one or more intervening layers may also
be present. In addition, it will also be understood that when
a layer is referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0033] When an element is referred to as being “con-
nected” or “coupled” to another element, it can be directly
connected or coupled to the another element or be indirectly
connected or coupled to the another element with one or
more intervening elements interposed therebetween. In addi-
tion, when an element is referred to as “including” a
component, this indicates that the element may further
include another component instead of excluding another
component unless there is different disclosure.

[0034] FIG. 1 illustrates an embodiment of a display
device 100, and FIG. 2 illustrate an embodiment of a timing
diagram for controlling the display device 100. Referring to
FIGS. 1 and 2, the display device 100 may include a display
panel 120 and a display panel driver 140. The display device
100 may display an image by a progressive scan and
simultaneous emission method. The display device 100 may
be implemented by an organic light emitting display device
and applied to a flat display device, a flexible display device,
a transparent display device, and a head mount display
(HMD) device.

[0035] The display panel 120 may include a plurality of
scan lines SL1 to SLn, a plurality of data lines DL1 to DLm,
and a plurality of pixels connected to the scan lines SL.1 to
SLn and the data lines DL1 to DLm, where n and m are
integers greater than 1.

[0036] Each of the pixels 10 may include a first transistor
connected between a first node and a second node and
having a gate electrode to receive a scan signal, a second
transistor connected between the second node and a third
node in series with the first transistor and having a gate
electrode to receive a third power VINT (e.g., an initializa-
tion power), a driving transistor connected between a first
power ELVDD and the third node and having a gate elec-
trode connected to the first electrode to control a driving
current, an organic light emitting diode connected between
the third node and a second power ELVSS to emit light
based on the driving current, a first capacitor connected
between the third power VINT and the first node, and a
second capacitor connected between the second node and
one of the data lines.

[0037] Insome embodiments, the display panel driver 140
is driven based on a frame which includes a first initializa-
tion period P1 to initialize a third node voltage (e.g., a
voltage at the third node), a second initialization period P2
after the first initialization period P1 to initialize a gate
voltage of the driving transistor, a compensation period P3
after the second initialization period P2 to compensate a
threshold voltage of the driving transistor, writing period P4
after the compensation period P3 to sequentially write data
voltages, and an emission period P5 after the writing period
P4 in which the pixels 10 simultaneously emit light.
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[0038] The display panel driver 140 may drive the scan
lines SL1 to SLn and the data lines DL1 to DLm and may
provide the first power ELVDD, the second power ELVSS,
and the third power VINT to the display panel 120. The first
power ELVDD may have at least three voltage levels (e.g.,
VDD_M, VDD_L, and VDD_H in FIG. 2), the second
power ELVSS may be a constant voltage, and the third
power VINT may have two voltage levels (e.g., VH and VL
in FIG. 2). The display panel driver 140 may include a
timing controller 142, a scan driver 144, a data driver 146,
and a power supply 160.

[0039] The timing controller 142 may control the scan
driver 144, the data driver 146, and the power supply 148.
The timing controller 142 may respectively provide first to
third control signals CON1, CON2, and CON3 to the scan
driver 144, the data driver 146, and the power supply 148.
In some embodiments, the timing controller 142 may
receive RGB image signals, a vertical synchronization sig-
nal, a horizontal synchronization signal, a main clock signal,
a data enable signal, etc., and generate image data IDATA
corresponding to the RGB image signals and the first to third
control signals CON1, CON2, and CON3 based on these
signals.

[0040] The scan driver 144 may provide scan signal
SCAN(1) to SCAN(n) to the scan lines SL.1 to SLn based on
the first control signal CON1. In some embodiments, the
scan driver 144 may simultaneously output the scan signals
SCAN(1) to SCAN(n) having a turn-on level to the scan
lines SL.1 to SLn during the second initialization period P2
and the compensation period P3. The turn-on level may be
a voltage level of the scan signals SCAN(1) to SCAN(n) to
turn on the transistor to which the scan signals SCAN(1) to
SCAN(n) is applied. Accordingly, the gate voltage of the
driving transistor and the anode voltage of the organic light
emitting diode of all the pixels 10 may be initialized to a
certain voltage level and the threshold voltage of the driving
transistor of all the pixels 10 may be compensated. In some
embodiments, the scan driver 144 may sequentially provide
the scan signal with a turn-on level to pixel rows respec-
tively corresponding to the scan lines SL1 to SLn during the
writing period P4,

[0041] The data driver 146 may generate the data signal
(data voltage) based on the second control signal CON2 and
the image data IDATA from the timing controller 142. The
data driver 146 may provide the data signal to the pixels 10
through the data lines DL1 to DLm during the writing period
P4.

[0042] Thepower supply 148 may provide the first to third
powers ELVDD, ELVSS, and VINT to the display panel
120. The first power ELVDD may have one of first voltage
level VDD_M, second voltage level VDD_L, or third volt-
age level VDD_H. In some embodiments, the second volt-
age level VDD_L may be less than the first voltage level
VDD_M and the third voltage level VDD_H may be greater
than the first voltage level VDD_M. The first voltage level
may be less than the second power ELVSS and the third
voltage level VDD_H may be greater than the second power
ELVSS. The third power (i.e., the initialization power)
VINT may have one of first initialization voltage level VH
and a second initialization voltage level VL less than the first
initialization voltage level VH. The second transistor in the
pixel 10 may be turned on by the first initialization voltage
level VH and turned off by the second initialization voltage
level VL. The second initialization voltage level VL may be
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a sufficiently low value that no current flows through the
second transistor. The third power VINT may be connected
to one end of the first capacitor in the pixel 10 to continu-
ously apply a predetermined voltage to the first capacitor.
[0043] In some embodiments, when the driving transistor
is implemented in an n-channel metal oxide semiconductor
(NMOS) transistor, the display panel driver 140 (e.g., power
supply 148) may provide the first power ELVDD having the
first voltage level VDD_M in the first and second initial-
ization periods P1 and P2, provide the first power ELVDD
having the second voltage level VDD_L in the compensation
period P3, and provide the first power ELVDD having the
third voltage level VDD_H in the writing and emission
periods P4 and P5. Accordingly, the first power ELVDD may
have less voltage level than the second power ELVSS in the
first initialization period P1, the second initialization period
P2, and the compensation period P3, so that unintended
emission of light from the organic light emitting diode due
to current leakage at the driving transistor, and/or an increase
of an anode voltage of the organic light emitting diode, may
be prevented.

[0044] The second power ELVSS may have a predeter-
mined constant voltage level, e.g., a direct current (DC)
voltage. For example, the second power ELVSS may be a
ground voltage or a predetermined negative voltage.
[0045] In the first initialization period P1, the first power
ELVDD may have the first voltage level VDD_M, the third
power VINT may have the first initialization voltage level
VH, and the scan signals SCAN(1) to SCAN(n) may have
the turn-on level. Thus, the anode voltage of the organic
light emitting diode in each of the pixels 10 may be
initialized to the first voltage level VDD_M.

[0046] In the second initialization period P2, the first
power ELVDD may have the first voltage level VDD_M, the
third power VINT may have the first initialization voltage
level VH, and the scan signals SCAN(1) to SCAN(n) may
have the turn-off level. Thus, the anode voltage of the
organic light emitting diode and the gate voltage of the
driving transistor in each of the pixels 10 may be initialized
to a sum of the first voltage level VDD_M and the threshold
voltage of the driving transistor (e.g., VDD_M+Vth, Vth is
the threshold voltage of the driving transistor).

[0047] In the compensation period P3, the first power
ELVDD may have the second voltage level VDD_L, the
third power VINT may have the first initialization voltage
level VH, and the scan signals SCAN(1) to SCAN(n) may
have the turn-off level. Thus, the anode voltage of the
organic light emitting diode and the gate voltage of the
driving transistor in each of the pixels 10 may be initialized
to a sum of the second voltage level VDD_L and the
threshold voltage of the driving transistor (e.g., VDD_L+
Vth).

[0048] In the writing period P4, the first power ELVDD
may have the third voltage level VDD_H greater than the
second power ELVSS, the third power VINT may have the
second initialization voltage level VL, and the scan signals
SCAN(1) to SCAN(n) may sequentially have the turn-on
level in order of pixel rows. Thus, the data voltages DATA
may be sequentially written on the pixel rows through the
data lines DL1 to DLm. The gate voltage of the driving
transistor of each pixel 10 may include a data voltage
component.

[0049] In the emission period P5, the first power ELVDD
may have the third voltage level VDD_H, the third power
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VINT may have the first initialization voltage level VH, and
the scan signals SCAN(1) to SCAN(n) may have the turn-off
level. Thus, all the pixels 10 may simultaneously emit light
based on respective data voltages DATA.

[0050] As described above, the display device 100 accord-
ing to example embodiments may perform the simultaneous
emission using 3T2C (3 transistors and 2 capacitors) pixel
structure. The initialization and compensation for the gate
voltage of the driving transistor and the anode voltage of the
organic light emitting diode may be stably performed with-
out current leakage based on the voltage level change of the
first power ELVDD. In addition, the second power ELVSS
of the simultaneous emission display device may be the
constant voltage, so that the powers may be stably applied
to the display panel 120 and IR-drop in the display panel 120
may be improved.

[0051] FIG. 3 illustrates an embodiment of a pixel 10.
FIG. 4 illustrates a timing diagram for controlling the pixel
10. FIG. S illustrates another timing diagram for controlling
the pixel 10.

[0052] Referring to FIGS. 3 to 5, the pixel 10 may include
a first transistor T1, a second transistor T2, a driving
transistor TD, a first capacitor C1, a second capacitor C2,
and an organic light emitting diode OLED. FIG. 4 shows
operation of the pixel 10 when displaying a black image and
voltage changes at each node in the pixel 10. FIG. 5 shows
operation of the pixel 10 when displaying a white image (or
a maximum grayscale level image) and voltage changes at
each node in the pixel 10.

[0053] In some embodiments, the pixel 10 may be in the
display device driven as the simultaneous emission method.
In some embodiments, the first transistor T1, the second
transistor T2, and the driving transistor TD may be NMOS
transistors. For example, each of the first transistor T1, the
second transistor T2, and the driving transistor TD may be
implemented in a low temperature poly silicon (LTPS) thin
film transistor, an oxide thin film transistor, or a low tem-
perature polycrystalline oxide (LTPO) thin film transistor.
[0054] In FIGS. 3 to 5, the pixel 10 may be arranged in a
K-th pixel row connected to a K-th scan line, where K is a
positive integer.

[0055] The first transistor T1 may be connected between a
first node N1 and a second node N2. The first transistor T1
may include a gate electrode to receive a scan signal
SCAN(k). The first transistor T1 may be turned on by a
turn-on level of the scan signal SCAN(k) to electrically
short-circuit the gate electrode and a source electrode of the
driving transistor TD or to transmit the data voltage VDATA
to the gate electrode of the driving transistor TD.

[0056] The second transistor T2 may be connected
between the second node N2 and a third node N3 in series
with the first transistor T1. The second transistor T2 may
include a gate electrode to receive a third power VINT (e.g.,
an initialization power VINT). The third power VINT may
have one of a first initialization voltage level VH or a second
initialization voltage level VL less than the first initialization
voltage level VH. The second transistor T2 may be turned on
by the first initialization voltage level VH of the third power
VINT to electrically short-circuit the gate electrode and a
source electrode of the driving transistor TD with the first
transistor T1 or to be electrically connected to the data line
DL. The second transistor T2 may be turned off by the
second initialization voltage level VL of the third power
VINT.
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[0057] The driving transistor TD may be connected
between the first power ELVDD and the third node N3. The
driving transistor TD may include a gate electrode con-
nected to the first node N1. Emission luminance may be
determined by a driving current I_OLED flowing through
the driving transistor TD. In some embodiments, the gate
electrode of the driving transistor TD may correspond to the
first node N1 and the source electrode of the driving tran-
sistor TD may correspond to the third node N3.

[0058] The first capacitor C1 may be connected between
the third power VINT and the first node N1. The second
capacitor C2 may be connected between the second node N2
and the data line DL. The gate voltage of the driving
transistor TD in the writing period P$ may be determined by
voltages stored in the first and second capacitors C1 and C2.
[0059] The organic light emitting diode OLED may be
connected between the third node N3 and the second power
ELVSS. In some embodiments, an anode of the organic light
emitting diode OLED may correspond to the third node N3.
[0060] As illustrated in FIG. 4, during the first initializa-
tion period P1, the first power ELVDD may have a first
voltage level VDD_M, the third power VINT may have the
first initialization voltage level VH, and the scan signal
SCAN(k) may have the turn-on level. Accordingly, the
second transistor T2 may be turned on, the second node N2
and the third node N3 may be electrically shorted, and the
second node N2 and the third node N3 may have the first
voltage level VDD_M. For example, the anode voltage of
the organic light emitting diode OLED may be initialized to
the first voltage level VDD_M. At this time, a residue
voltage due to an emission in a previous frame may remain
in a first node voltage VNI, e.g., the gate voltage of the
driving transistor TD.

[0061] In the second initialization period P2, the first
power ELVDD may have the first voltage level VDD_M, the
third power VINT may have the first initialization voltage
level VH, and the scan signal SCAN(k) may have the
turn-off level. Accordingly, the first and second transistors
T1 and T2 that are connected in series may be turned on and
the first node N1, the second node N2, and the third node N3
may be electrically shorted. Thus, the driving transistor TD
may be diode-connected. The first node voltage VN1 (e.g,,
the gate voltage of the driving transistor TD), a second node
voltage VN2, and a third node voltage VN3 (e.g., the anode
voltage) may have a value corresponding to a sum of the first
voltage level VDD_M and a threshold voltage of the driving
transistor TD (e.g., represented as VDD_M+Vth). The anode
voltage of the organic light emitting diode OLED and the
gate voltage of the driving transistor TD may be initialized
to VDD_M+Vth.

[0062] In the compensation period P3, the first power
ELVDD may have the second voltage level VDD_L, the
third power VINT may have the first initialization voltage
level VH, and the scan signal SCAN(k) may have the
turn-off level. Accordingly, the driving transistor TD may
maintain the diode-connected state, and the first to third
node voltages VN1, VN2, and VN3 may be changed to a
sum of the second voltage level VDD_L and the threshold
voltage of the driving transistor Vth (VDD_L+Vth).
[0063] In the writing period P4, the first power ELVDD
may have the third voltage level VDD_H greater than the
second power ELVSS. The third power VINT may have the
second initialization voltage level VL. The scan signal
SCAN(k) may have the turn-on level. Accordingly, when the
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data voltage VDATA is written, the first transistor T1 may be
turned on and the second transistor T2 may be turned off. In
some embodiments, the third voltage level VDD_H may be
a sufficiently high voltage greater than the second power
ELVSS to drive the driving transistor TD in a saturation
region. The first node N1 to which the data voltage VDATA
is applied and the third node may be electrically discon-
nected by the operation of the first and second transistors T1
and T2. Thus, current leakage through the driving transistor
TD and the fluctuation of the anode voltage (the third node
voltage VN3) caused thereby may be prevented.

[0064] In one embodiment, charge stored in the first
capacitor C1, second capacitor C2, and a capacitor of the
organic light emitting diode OLED (e.g., a parasitic capaci-
tor) at the start point of the writing period P4 (e.g., at a first
time point) may be expressed by Equations 1 to 3 respec-
tively:

QU1=(VDD_L+Vth VL)xCcl (1)
O21=(VDD_L+Vth Vref)xCc2 Q)
031=(VDD_L+Vth ELVSS)xColed 3)

where Q11, Q21, and Q31 represent the charges stored in the
first capacitor C1, second capacitor C2, and the capacitor of
the organic light emitting diode OLED at the start point of
the writing period P4 (the first time point), respectively. Vth
represents the threshold voltage of the driving transistor TD,
VL represents the second initialization voltage level of the
third power VINT, Vref represents a reference voltage,
ELVSS represents the voltage level of the second power.
Ccl, Cc2, and Coled represent capacitances of the first
capacitor, the second capacitor, and the capacitor of the
organic light emitting diode, respectively.

[0065] At a time of writing the data voltage VDATA at
which the K-th scan signal SCAN(k) having the turn-on
level is applied to the pixel 10 (e.g., a second time point)
during the writing period P4, the charges stored in the first
capacitor C1, second capacitor C2, and the capacitor of the
organic light emitting diode OLED in the pixel 10 may be
expressed, for example, by Equations 4 to 6.

012=(Vaate-VL)xCcl 4)
022~(Vgate- VDATA)xCc2 ¢
032=(Veate-ELVSS)xColed (6)

where Q11, Q21, and Q31 represent the charges stored in the
first capacitor C1, second capacitor C2, and the capacitor of
the organic light emitting diode OLED at the second time
point (e.g., the data voltage VDATA is written on the K-th
pixel row by the K-th scan signal SCAN(k)), respectively.
Vth represents the threshold voltage of the driving transistor
TD, VL represents the second initialization voltage level of
the third power VINT, Vref represents a reference voltage,
ELVSS represents the voltage level of the second power.
Ccl, Cc2, and Coled represent capacitances of the first
capacitor, the second capacitor, and the capacitor of the
organic light emitting diode, respectively.

[0066] Since the first node N1 and the second node N2
(e.g., the gate electrode and source electrode of the driving
transistor TD) may be a electrically disconnected state
during the writing period P4, total amount of charges at the
first and second time points may be substantially the same
(i.e., Q11+Q21+Q31=Q12+Q22+Q32). The gate voltage of
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the driving transistor TD (the first node voltage VN1) may
be calculated, for example, by Equation 7 based on Equa-
tions 1 to 6.

) Ce2 o)
Vgate = VDDL+ Vih+ (VDATA — Vref)- T e Gl

where VDDL represents the second voltage level VDD_L of
the first power ELVDD.

[0067] Thus, the gate voltage of the driving transistor TD
in the writing period P4 may be determined based on the
data voltage VDATA applied to the pixel 10 regardless other
data voltages applied from the data driver at different
timings.

[0068] Further, the gate electrode of the driving transistor
TD and the anode of the organic light emitting diode OLED
may be electrically disconnected during the writing period
P4, so that the current leakage through the driving transistor
TD for the writing period P4 and the fluctuation of the anode
voltage caused thereby may be prevented. Thus, display
defects such as luminance deviation, cross-talk of the pixels,
etc., due to the current leakage may be prevented or
improved.

[0069] In the emission period P5, the first power ELVDD
may have the third voltage level VDD_H, the third power
VINT may have the first initialization voltage level VH, and
the scan signal SCAN(k) may have the turn-off level. That
is, the third power VINT may rise from the second initial-
ization voltage level VL to the first initialization voltage
level VH and the first node voltage VN1 may rise corre-
sponding to an amount of change of the third power VINT
(e.g., VH-VL) in the emission period P5. Accordingly, the
driving transistor may stably operate in the saturation
region, the driving current I_OLED based on the data
voltage VDATA may flow into the organic light emitting
diode OLED through the driving transistor TD, and the
organic light emitting diode OLED may emit light corre-
sponding to the data voltage VDATA.

[0070] FIG. 5 illustrates another embodiment for control-
ling pixel 10 when a data voltage corresponding to the white
image is applied to the pixel 10. As illustrated in FIG. 5, the
driving current I_OLED may vary with a magnitude of the
data voltage VDATA. As described above, the pixel 10 and
driving method for the same according to example embodi-
ments may implement the simultaneous emission type dis-
play device for performing the initialization and compensa-
tion based on the voltage level changes of the first and third
powers ELVDD and VINT with a relatively simple circuit
configuration of 3T2C. Thus, the simultaneous emission
type display device can realize a high display resolution.
[0071] In addition, the first and second transistors T1 and
T2 connected in series may be controlled by the different
signals (e.g., the scan signal and the third power), so that the
first node N1 and the third node N3 can be electrically
separated from each other in the writing period P4. Thus, the
current leakage from the driving transistor TD to the organic
light emitting diode OLED by the data voltage VDATA write
may be prevented and luminance deviation, cross-talk of the
pixels due to the current leakage may be prevented or
improved.

[0072] FIG. 6 illustrates another embodiment of a timing
diagram for controlling pixel 10 in FIG. 3. The operation of
the pixel in FIG. 6 may be substantially the same as or
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similar to the operation in FIGS. 4 and 5, except for a voltage
level of the first power in the writing period.

[0073] Referring to FIGS. 3 and 6, the pixel 10 may emit
light based on a data voltage VDATA corresponding to a
white image. The pixel 10 may operate substantially the
same operation as FIG. 4 during the first initialization P1, the
second initialization P2, and the compensation period P3.
For example, a first voltage level VDD_M1 of the first
power ELVDD in the first and second initialization periods
P1 and P2 may be substantially the same as the first voltage
level VDD_M of FIG. 4. A second voltage level VDD_L of
the first power ELVDD in the compensation period P3 may
be substantially the same as the second voltage level
VDD_L of FIG. 4.

[0074] In the writing period P4, the first power ELVDD
may have the first voltage level VDD_M1 or a third voltage
level VDD_M2 greater than the first voltage level VDD_
M1, the third power VINT may have the second initializa-
tion voltage level VL, and the scan signal SCAN(k) may
have the turn-on level.

[0075] In the emission period PS5, the first power ELVDD
may have a fourth voltage level VDD_H greater than the
third voltage level VDD_M2, the third power VINT may
have the first initialization voltage level VH, and the scan
signal SCAN(k) may have the turn-off level. For example,
the fourth voltage level VDD_H may be substantially the
same as the third voltage level VDDD_H in the emission
period P5 of FIG. 4.

[0076] Namely, in the writing period P4, the third voltage
level VDD_M2 of the first power ELVDD may be deter-
mined to be an optimal value to eliminate a current leakage
path through the driving transistor TD. In some embodi-
ments, the voltage level of the first power ELVDD in the
writing period P4 (e.g., the third voltage level VDD_M2)
may be greater than or equal to the first voltage level
VDD_M1 and less than the fourth voltage level VDD_H.
Accordingly, the current leakage through the driving tran-
sistor TD for the writing period P4 may be prevented.
[0077] FIG. 7 illustrates another embodiment of a pixel,
which may be substantially the same as or similar to the
pixel of FI1G. 3 except for the method for driving the second
transistor. Referring to FIG. 7, the pixel may include a first
transistor T1, a second transistor T2, a driving transistor TD,
a first capacitor C1, a second capacitor C2, and an organic
light emitting diode OLED.

[0078] The first transistor T1, the second transistor T2, and
the driving transistor TD may be NMOS transistors. For
example, each of the first transistor T1, the second transistor
T2, and the driving transistor TD may be an LTPS thin film
transistor, an oxide thin film transistor, or an LTPO thin film
transistor.

[0079] The first transistor T1 may be connected between a
first node N1 and a second node N2. The first transistor T1
may include a gate electrode to receive a scan signal
SCAN(k).

[0080] The second transistor T2 may be connected
between the second node N2 and a third node N3 in series
with the first transistor T1. The second transistor T2 may
include a gate electrode to receive a global gate signal GW.
In some embodiments, the global gate signal GW may be
generated in a scan driver. The global gate signal GW may
have a turn-on level in a first initialization period, a second
initialization period, a compensation period, and an emission
period, and have a turn-off level in a writing period. Thus,
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the second transistor T2 may be turned-on state in the first
initialization period, the second initialization period, the
compensation period, and the emission period.

[0081] The driving transistor TD may be connected
between the first power ELVDD and the third node N3. The
driving transistor TD may include a gate electrode con-
nected to the first node N1. Emission luminance may be
determined by a driving current I_OLED flowing through
the driving transistor TD.

[0082] FIG. 8 illustrates another embodiment of a pixel in
the display device of FIG. 1, and FIG. 9 illustrates an
embodiment of a timing diagram for controlling the pixel in
FIG. 8. The pixel of FIG. 8 may be substantially the same as
or similar to the pixel of FIG. 3, except for the first transistor.
[0083] Referring to FIGS. 8 and 9, the pixel may include
a first transistor T1, a second transistor T2, a driving
transistor TD, a first capacitor C1, a second capacitor C2,
and an organic light emitting diode OLED. In some embodi-
ments, the driving transistor TD and the second transistor T2
may be NMOS transistors, and the first transistor T1 may be
a p-channel metal oxide semiconductor (PMOS) transistor.
[0084] In some embodiments, the driving transistor TD
and the second transistor T2 may be an oxide thin film
transistor or an LTPS thin film transistor and the first
transistor T1 may be an LTPS thin film transistor. In some
embodiments, the driving transistor TD and the second
transistor T2 may be an oxide thin film transistor foiled by
an LTPO process.

[0085] As illustrated in FIG. 9, the first transistor T1 may
be the PMOS transistor, and thus a logic high level of the
scan signal SCAN(k) applied to the gate electrode of the first
transistor may be the turn-off level and a logic low level may
be the turn-on level. As described above, the first transistor
T1 controlled by the scan signal SCAN(k) may be replaced
by the PMOS transistor and the pixel having the first
transistor T1 may be applied to various types of display
panel drivers.

[0086] FIG. 10 illustrates another embodiment of a pixel,
which may be substantially the same as or similar to the
pixel in FIG. 3, except for the method for driving the second
transistor.

[0087] Referring to FIG. 10, the pixel may include a first
transistor T1, a second transistor T2, a driving transistor TD,
a first capacitor C1, a second capacitor C2, and an organic
light emitting diode OLED. In some embodiments, the
driving transistor TD and the second transistor T2 may be
NMOS transistors, and the first transistor T1 may be a
p-channel metal oxide semiconductor (PMOS) transistor.
[0088] The first transistor T1 may be connected between a
first node N1 and a second node N2. The first transistor T1
may include a gate electrode to receive a scan signal
SCAN(k).

[0089] The second transistor T2 may be connected
between the second node N2 and a third node N3 in series
with the first transistor T1. The second transistor T2 may
include a gate electrode to receive a global gate signal GW.
In some embodiments, the global gate signal GW may be
generated in a scan driver. The global gate signal GW may
have a turn-on level in a first initialization period, a second
initialization period, a compensation period, and an emission
period, and have a turn-off level in a writing period. Thus,
the second transistor T2 may be turned-on state in the first
initialization period, the second initialization period, the
compensation period, and the emission period.
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[0090] The driving transistor TD may be connected
between the first power ELVDD and the third node N3. The
driving transistor TD may include a gate electrode con-
nected to the first node N1. Emission luminance may be
determined by a driving current I_OLED flowing through
the driving transistor TD.

[0091] FIGS. 11 and 12 illustrate additional embodiments
of the pixel in the display device of FIG. 1. which may be
substantially the same as or similar to the pixel of FIG. 3
except for types of the transistors.

[0092] Referring to FIGS. 11 and 12, the pixel may
include a first transistor T1, a second transistor T2, a driving
transistor TD, a first capacitor C1, a second capacitor C2,
and an organic light emitting diode OLED. The first tran-
sistor T1 may be connected between a first node N1 and a
second node N2 and may include a gate electrode to receive
a scan signal SCAN(k).

[0093] The second transistor T2 may be connected
between the second node N2 and a third node N3 in series
with the first transistor T1. The second transistor T2 may
include a gate electrode to receive an initialization power
VINT (e.g., a third power). The driving transistor TD may be
connected between the first power ELVDD and the third
node N3. The driving transistor TD may include a gate
electrode connected to the first node N1. Emission lumi-
nance may be determined by a driving current I_OLED
flowing through the driving transistor TD.

[0094] Insome embodiments, as illustrated in FIG. 11, the
driving transistor TD, the first transistor T1, and the second
transistor T2 may be PMOS transistors. For example, the
PMOS transistors may be LTPS thin film transistors. How-
ever, in this case, voltage levels of the initialization power
VINT, first power ELVDD, and second power ELVSS may
be changed in a manner different from the operations
described in FIGS. 4 to 6.

[0095] Insome embodiments, as illustrated in FIG. 12, the
driving transistor TD and the second transistor T2 may be
PMOS ftransistors and the first transistor T1 may be an
NMOS transistor. In this case, voltage levels of the initial-
ization power VINT, first power ELVDD, and second power
ELVSS may be changed in a manner different from the
operations described in FIGS. 4 to 6. Accordingly, the first
node N1 (the gate electrode of the driving transistor TD) and
the third node N3 (the anode) may be electrically separated
from each other in the writing period P4.

[0096] FIG. 13 illustrates an embodiment of an electronic
device 1000, and FIG. 14 illustrates an embodiment of an
electronic device 1000 implemented in a head mount dis-
play. Referring to FIGS. 13 and 14, the electronic device
1000 may include a processor 1010, a memory device 1020,
a storage device 1030, an input/output (I/O) device 1040,
and a power supply 1050, and a display device 1060. The
display device 1060 may correspond to the display device of
FIG. 1 or §.

[0097] In addition, the electronic device 1000 may further
include a plurality of ports for communicating with a video
card, a sound card, a memory card, a universal serial bus
(USB) device, other suitable electronic devices, etc. In one
embodiment, as illustrated in FIG. 14, the electronic device
1000 may be implemented in a head mount display (HMD).
However, this is an example and the electronic device 7000
is not limited thereto. For example, the electronic device
1000 may be implemented in a television, a smart phone,
virtual reality (VR) device, a cellular phone, a video phone,
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a smart pad, a smart watch, a tablet, a personal computer, a
navigation for vehicle, a monitor, a notebook, and/or the
like.

[0098] The processor 1010 may perform various suitable
computing functions. The processor 1010 may be a micro-
processor, a central processing unit (CPU), etc. The proces-
sor 1010 may be coupled to other suitable components via
an address bus, a control bus, a data bus, etc. Furthermore,
the processor 1010 may be coupled to an extended bus such
as a peripheral component interconnection (PCI) bus.
[0099] The memory device 1020 may also store data for
operations of the electronic device 1000. For example, the
memory device 1020 may include at least one non-volatile
memory device, such as an erasable programmable read-
only memory (EPROM) device, an electrically erasable
programmable read-only memory (EEPROM) device, a
flash memory device, a phase change random access
memory (PRAM) device, a resistance random access
memory (RRAM) device, a nano floating gate memory
(NFGM) device, a polymer random access memory
(PoRAM) device, a magnetic random access memory
(MRAM) device, a ferroelectric random access memory
(FRAM) device, etc., and/or at least one volatile memory
device, such as a dynamic random access memory (DRAM)
device, a static random access memory (SRAM) device, a
mobile DRAM device, and/or the like.

[0100] The storage device 1030 may store data for opera-
tions of the electronic device 7000. The storage device 1030
may be a solid state drive (SSD) device, a hard disk drive
(HDD) device, a CD-ROM device, and/or the like. The /O
device 1040 may be an input device, such as a keyboard, a
keypad, a touchpad, a touch-screen, a mouse, and/or the like,
and an output device, such as a printer, a speaker, and/or the
like. The power supply 1050 may provide power for oper-
ating the electronic device 1000.

[0101] The display device 1060 may be connected to other
elements via the buses or other communication links.
According to some example embodiments, the display
device 1060 may be in the I/O device 1040. As described
above, the display device 1060 may include a display panel
comprising a plurality of pixels and a display panel driver to
drive scan lines and data lines connected to the display panel
and to provide an initialization power, a first power, and a
second power to the display panel.

[0102] Each of the pixels in the display panel may include
a first transistor connected between a first node and a second
node and having a gate electrode configured to receive a
scan signal, a second ftransistor connected between the
second node and a third node in series with the first transistor
and having a gate electrode configured to receive the ini-
tialization power (a third power), a driving transistor con-
nected between the first power and the third node and having
a gate electrode connected to the first electrode to control a
driving current, an organic light emitting diode connected
between the third node and the second power to emit light
based on the driving current, a first capacitor connected
between the initialization power and the first node, and a
second capacitor connected between the second node and
one of the data lines.

[0103] Therefore, the display device 1060 in the electronic
device 1000 may perform the simultaneous emission with a
relatively simple circuit configuration of 3T2C. Thus, the
simultaneous emission type display device 1060 can realize
a high display resolution.
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[0104] The present embodiments may be applied to any
display device and any system including the display device.
For example, the present embodiments may be applied to a
HMD device, a television, a computer monitor, a laptop, a
digital camera, a cellular phone, a smart phone, a smart pad,
a personal digital assistant (PDA), a portable multimedia
player (PMP), a MP3 player, a navigation system, a game
console, a video phone, etc.

[0105] The methods, processes, and/or operations
described herein may be performed by code or instructions
to be executed by a computer, processor, controller, or other
signal processing device. The computet, processor, control-
ler, or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods
(or operations of the computer, processor, controller, or other
signal processing device) are described in detail, the code or
instructions for implementing the operations of the method
embodiments may transform the computer, processor, con-
troller, or other signal processing device into a special-
purpose processor for performing the methods described
herein.

[0106] The drivers, controllers, and other signal generat-
ing and signal processing features of the embodiments
disclosed herein may be implemented in logic which, for
example, may include hardware, software, or both. When
implemented at least partially in hardware, the drivers,
controllers, and other signal generating and signal process-
ing features may be, for example, any one of a variety of
integrated circuits including but not limited to an applica-
tion-specific integrated circuit, a field-programmable gate
array, a combination of logic gates, a system-on-chip, a
microprocessor, or another type of processing or control
circuit.

[0107] When implemented in at least partially in software,
the drivers, controllers, and other signal generating and
signal processing features may include, for example, a
memory or other storage device for storing code or instruc-
tions to be executed, for example, by a computer, processor,
microprocessor, controller, or other signal processing
device. The computer, processor, microprocessor, controller,
or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods
(or operations of the computer, processor, microprocessor,
controller, or other signal processing device) are described
in detail, the code or instructions for implementing the
operations of the method embodiments may transform the
computer, processor, controller, or other signal processing
device into a special-purpose processor for performing the
methods described herein.

What is claimed is:

1. A display device, comprising:

a display panel including a plurality of pixels; and

a display panel driver to drive a plurality of scan lines and
a plurality of data lines and to provide first power
having at least three voltage levels, second power

having a constant voltage, and third power having two
voltage levels, wherein each of the pixels includes:

a first transistor connected between a first node and a
second node and including a gate electrode to receive
a scan signal,
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a second transistor connected between the second node
and a third node in series with the first transistor and
including a gate electrode to receive the third power;

a driving transistor connected between a source of the first
power and the third node and including a gate electrode
connected to a first electrode to control a driving
current;

an organic light emitting diode, connected between the
third node and a source of the second power, to emit
light based on the driving current;

a first capacitor connected between a source of the third
power and the first node; and

a second capacitor connected between the second node
and one of the data lines.

2. The device as claimed in claim 1, wherein the display

panel is to be driven in a frame which includes:

a first initialization period to initialize a third node volt-
age,

a second initialization period after the first initialization
period to initialize a gate voltage of the driving tran-
sistor,

a compensation period after the second initialization
period to compensate a threshold voltage of the driving
transistor,

a writing period after the compensation period to sequen-
tially write data voltages, and

an emission period after the writing period in which the
pixels are to simultaneously emit light.

3. The device as claimed in claim 2, wherein the driving
transistor, the first transistor, and the second transistor are
n-channel metal oxide semiconductor (NMOS) transistors.

4. The device as claimed in claim 2, wherein:

the first power has one of a first voltage level, a second
voltage level less than the first voltage level, or a third
voltage level greater than the first voltage level, and

the third power has one of a first initialization voltage
level to turn on the second transistor or a second
initialization voltage level less than the first initializa-
tion voltage level to turn off the second transistor.

5. The device as claimed in claim 4, wherein in the first

initialization period:

the first power has the first voltage level less than the
second power,

the third power has the first initialization voltage level,
and

the scan signal has a turn-on level.

6. The device as claimed in claim 4, wherein in the second
initialization period:

the first power has the second voltage level,

the third power has the first initialization voltage level,
and

the scan signal has a turn-off level.

7. The device as claimed in claim 4, wherein in the
compensation period:

the first power has the second voltage level,

the third power has the first initialization voltage level,
and

the scan signal has a turn-off level.

8. The device as claimed in claim 4, wherein in the writing
period:

the first power has the third voltage level greater than the
second power,

the third power has the second initialization voltage level,
and
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the scan signal has a turn-on level and is to be sequentially
provided to the scan lines in an order of pixel rows.
9. The device as claimed in claim 8, wherein the second
transistor is to be turned off to electrically disconnect the
first node and the third node in the writing period.
10. The device as claimed in claim 4, wherein in the
emission period:
the first power has the third voltage level greater than the
second power,
the third power has the first initialization voltage level,
and
the scan signal has a turn-off level.
11. The device as claimed in claim 4, wherein in the
writing period:
the first power has the first voltage level or the third
voltage level,
the third power has the second initialization voltage level,
and
the scan signal has a turn-on level and is to be sequentially
provided to the scan lines in an order of pixel rows.
12. The device as claimed in claim 11, wherein in the
emission period:
the first power has a fourth voltage level greater than the
third voltage level,
the third power has the first initialization voltage level,
and
the scan signal has a turn-off level.
13. The device as claimed in claim 2, wherein:
the driving transistor and the second transistor are n-chan-
nel metal oxide semiconductor (NMOS) transistors,
and
the first transistor is a p-channel metal oxide semicon-
ductor (PMOS) transistor.
14. The device as claimed in claim 2, wherein the display
panel driver is to:
provide the first power at a first voltage level less than the
second power during the first and second initialization
periods,
provide the first power at a second voltage level less than
the first voltage level during the compensation period,
and
provide the first power at a third voltage level greater than
the second power during the writing and emission
periods.
15. The device as claimed in claim 2, wherein the display
panel driver is to:
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provide the first power at a first voltage level less than the
second power during the first and second initialization
periods,

provide the first power at a second voltage level less than
the first voltage level during the compensation period,

provide the first power at a third voltage level greater than
the first voltage level during the writing period, and

provide the first power at a fourth voltage level greater
than the first voltage level and the second power during
the emission period.

16. A pixel, comprising:

a first transistor connected between a first node and a
second node and including a gate electrode to receive
a scan signal;

a second transistor connected between the second node
and a third node in series with the first transistor and
including a gate electrode to receive an initialization
power having two voltage levels;

a driving transistor connected between a source of first
power having at least three voltage levels and the third
node, the driving transistor including a gate electrode
connected to the first electrode to control a driving
current;

an organic light emitting diode connected between the
third node and a source of second power to emit light
based on the driving current;

a first capacitor connected between a source of third
power and the first node; and

a second capacitor connected between the second node
and a data lines.

17. The pixel as claimed in claim 16, wherein the driving
transistor and the first transistor are different types of metal
oxide semiconductor (MOS) transistors.

18. The pixel as claimed in claim 17, wherein:

the driving transistor and the second transistor are n-chan-
nel metal oxide semiconductor (NMOS) transistors,
and

the first transistor is a p-channel metal oxide semicon-
ductor (PMOS) transistor.

19. The pixel as claimed in claim 18, wherein the first
transistor is a low temperature poly silicon (LTPS) thin film
transistor.

20. The pixel as claimed in claim 18, wherein the second
transistor is an oxide thin film transistor or a low temperature
poly silicon LTPS thin film transistor.
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