US 20180226029A1

12) Patent Application Publication (o) Pub. No.: US 2018/0226029 A1l

a9y United States

PARK et al. (43) Pub, Date: Aug. 9, 2018
(54) PIXEL AND DISPLAY DEVICE HAVING THE  (52) U.S. Cl.
SAME CPC ... GO9G 3/3266 (2013.01); GOIG 3/3291

(71) Applicant: SAMSUNG DISPLAY CO., LTD.,
YONGIN-SI (KR)

(72) Inventors: Jun-Hyun PARK, Yongin-si (KR);
An-Su LEE, Yongin-si (KR); Ji-Hye
LEE, Yongin-si (KR); Bo-Yong
CHUNG, Yongin-si (KR); Kang-Moon
JO, Yongin-si (KR); Chong-Chul
CHALI Yongin-si (KR)

(21) Appl. No.: 15/696,734

(2013.01); G09G 3/3258 (2013.01); GO9G
2320/0233 (2013.01); GO9G 2310/0243
(2013.01); GOSG 2310/0208 (2013.01); GOIG
2310/0213 (2013.01); GO9G 2310/062
(2013.01); GOYG 2300/0842 (2013.01); GOIG
2330/028 (2013.01)

(57) ABSTRACT

A pixel includes first to fourth transistors and a driving
transistor. The first transistor is connected between a data
line and a first node and has a gate electrode to receive a scan
signal. The driving transistor is connected between the first

(22) Filed: Sep. 6, 2017 node and a second node and has a gate electrode connected
to a third node. The second transistor is connected between
(30) Foreign Application Priority Data the second and third nodes and has a gate electrode to
receive the scan signal. The third transistor is connected
Feb. 6, 2017 (KR) .oovvververcecncaan 10-2017-0016277 between first power and the first node and has a gate
L . . electrode to receive an emission signal. The fourth transistor
Publication Classification is connected between the first and second nodes and has a
(51) Imt.CL gate electrode to receive an initialization signal. An organic
G09G 3/3266 (2006.01) light emitting diode is connected between the second node
G09G 3/3291 (2006.01) and second power. A storage capacitor is connected between
G09G 3/3258 (2006.01) the first power and third node.
100
120 150
| coNz
o ( 6Le
TIMING CON3, DATA -
CONTROLLER DATA DRIVER T_J]_—[-\.,162
C [T veUs
- . . =
100'\” DL o2 DL
CON4
‘ SL1 1
ELL oL
SL2 ‘
E2) L0
130~ DRIVER DiSPLAY PANEL . GATE 140
' ‘ : —1 DRIVER
SLn B i
ELVDD S
110
POWER ELVSS '

160



Aug. 9,2018 Sheet 1 of 13 US 2018/0226029 A1

Patent Application Publication

01—

omﬁ
SNSA Addns
oLL SSNT3 HAMOd
¢ | URE
UTe —
e uls
yantea 4 ¢ | . , ,
aLvy , TANYd AV1dS1Q . mmowmo,x)omr
WE019 5 . ,
aW =g —
¥ d-
g : 11 PNOD
— 1 z27al 11a INOD
snsat L]
2oL~ 7 _| HIATHA VIV HITI04LNOD
,wHM |4 viva v1vYa‘ ENOD ONIWIL
: v |
m ZNOD N
m oSt 0zt
001
L "91d




Aug. 9,2018 Sheet 2 of 13 US 2018/0226029 A1

Patent Application Publication

_ ) : d
?
NO NG
_ 2
it |
| NO . 440
H {{ s
4 2 ’ o
i h w 440 NO
i 440 Nd . 440 NO
) [§4
. EEO Y 40 NO
£ : W :
" 340 O30 NO
n 440 NO
i [§3
+
I
m ! ! m
_ £d zd Ld

(3Q)SNSA
2719
v1vd

W3

)
(UINVDS
(L-u vz<om

(ZINVDS
(L INVOS

A
SSAld
ch

(0Q)ACATH



Patent Application Publication  Aug.9,2018 Sheet 3 of 13 US 2018/0226029 A1

FIG. 3
DATA  6LC
i AL
e s
_ ELVOD
10
. SC/_\il'(,k)- == CST 15 b—
| N1
N t+———[T0 T4 ]H-6l
e
| 2] |
| SCAN(K) %Z OLED
! ELVSS




Patent Application Publication  Aug.9,2018 Sheet 4 of 13 US 2018/0226029 A1

)
1
)
T
3
1t
}
{
¥
[§
]
i
J
t
)
¢

P3
)
1
?

I -

FIG. 4

P1

ELVDD(DC)

ELVSS

SCAN(K)
VSUS(DC) -



=
[
s 091
-
2 w
S |
= SnsA A1ddns
2 _ SSAT3 YImod
= VOLL ,
, WNE
3 .
- E R
W,
E YINIHA : m
Z VorL—~ 3LV9 . TNV AVIdSTQ mm&mo —0g |
o 0T
m :
2 b -
N FALE| :‘l/ - 27S
an
= b3 TS PNOD
wial z1a] 170 )
£ _I_MI.._J., _ - ‘ ‘ INOO
= SNSA" "
E zor~L 7 I HG VIVa 43 T10H.LNOD
£ 5 ‘ T VLYaENOD ONIATL
v J B : — - H
S _ [ ZNOD ]
2 a 051 0z}
lw YOOI o
z S 9|4
5
=
=™



Aug. 9,2018 Sheet 6 of 13 US 2018/0226029 A1

Patent Application Publication

9 914

1 , ! t
i i 1 is m
| NO . 440 NO
— i .
| ! -
H | NO . 440
i : 4
m ) 440 Nd) 440 NO
1 [§4 . s —_
; 20 N} . 440 NO|
’ _ . 440Nd44 NO|
U 1§ —
| Y | . 40| NO
t i 2 : .
: 4+ :
Nuw ¥
31 3}
. [£4
_ £d Z2d bd

(0Q)sNSA
019
v1va

e

(UINV3S

(L-U)NVOS

(€INVOS
(1 INVOS

LA

SSATE
Zh

(0Q)aanT3



Patent Application Publication

Aug. 9,2018 Sheet 7 of 13 US 2018/0226029 A1

FIG. 7
DATA (—;JLLC
 —— _
VDD |
| 11
t SCAN(k) ==C8T T3 | b—EM
[] N1 |
!

N3t+—————q[ TD T4 ]| bt~ SCAN(K+1)

N
'] ‘
T o
SeaN(k)  \/ OLED

_____________ ——



Patent Application Publication  Aug.9,2018 Sheet 8 of 13 US 2018/0226029 A1

o = o o o s e = bt e TR
(A
© L e
- I .. e
S L :
L E%

P1

i
H

V2
Vi
EM

ELVSS
DATA

ac ]

ELVDD(DC)
SCAN(k)
SCAN(K+1)
VSUS(DC)



Patent Application Publication  Aug.9,2018 Sheet 9 of 13 US 2018/0226029 A1

FIG. 9
DATA  GLC

I S e
- " ELVDD |
i l’\,12
| SCéil_(k’): ==GST TS_—_I P——‘EM.
| 1 N1
0] |

N3 +—[ 10 T{] bl
| N2 |
SCAN(K) N/ OLED




Patent Application Publication  Aug.9,2018 Sheet 10 of 13  US 2018/0226029 A1

0 = o= = - - O o
o
©
b A el o ) _ o . g .
T : : : .
& | - S~) -
. o5
b :
-
o
o9 > ~ = 5 = S o
- = < & 2
E % <C a w
£ = <2 s
= ? Z
o o



Patent Application Publication  Aug.9,2018 Sheet 11 of 13 US 2018/0226029 A1

FIG. 11
DATA
I ELVDD
N15
, SCﬁNﬁk) 731 | |—EM
| T N2 |
| 21 ' 2
lTj all {1 141 H-6
| ‘ 1 N3 '.i
QOAN( I 3 :
| SCAN(K) car
%ZOLED
CELVSS i




Patent Application Publication  Aug.9,2018 Sheet 12 of 13  US 2018/0226029 A1

FIG. 12
DATA
:F _______________ ' — h ‘ »».',ELVDD'
i~-16
| SC._A_.]N‘('K) a7 —en
| M e
T21

|| . [Tt T41]pt-al
X —e
SCAN(K) o |
| \/ OLED




Patent Application Publication  Aug.9,2018 Sheet 13 of 13  US 2018/0226029 A1

FIG. 13
1 3)_00
1010 1020 1030
! ! !
. MEMORY STORAGE
PROCESSOR. DEVICE DEVICE
¥ ¥ ¥
A e A
HO POWER DISPLAY
DEVICE SUPPLY DEVICE
) )

1040 1050 1060



US 2018/0226029 Al

PIXEL AND DISPLAY DEVICE HAVING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2017-0016277,
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 herein relate to a pixel
and display device.

2. Discussion of Related Art

[0003] A variety of methods have been proposed for
controlling a display. Examples include a progressive emis-
sion method and a simultaneous emission method. In a
progressive emission method, rows of pixels sequentially
emit light. In a simultaneous emission method, all pixels in
the display simultaneously emit light after a sequential data
writing operation is completed.

[0004] One type of progressive emission display has pix-
els with a 7T-1C structure, e.g., 7 transistors and 1 capacitor.
One type of simultaneous emission display has pixels with
a 4T-1C structure (e.g.. 4 transistors and 1 capacitor), where
the transistors are p-channel metal oxide semiconductor
(PMOS) transistors. The 4T-1C pixels in this display do not
initialize the anode voltage of an organic light emitting
diode. In these or other displays, first and second power
applied as a pixel driving voltage change voltage levels
based on data writing or emission states. Therefore, a time
for initializing the anode voltage and a non-emission time
increase and power supply stability is reduced. This may
cause luminance deviation and image uniformity deteriora-
tion.

SUMMARY

[0005] 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, a plurality of emission control lines, a plurality of
initialization lines, and a plurality of data lines, the display
panel driver to provide first power and second power to the
display panel, wherein each of the pixels includes: a first
transistor connected between one of the data lines and a first
node and having a gate electrode to receive a scan signal; a
driving transistor connected between the first node and a
second node and having a gate electrode connected to a third
node; a second transistor connected between the second
node and the third node and having a gate electrode to
receive the scan signal; a third transistor connected between
the first power and the first node and having a gate electrode
to receive an emission signal; a fourth transistor connected
between the first node and the second node in parallel with
the driving transistor and having a gate electrode to receive
an initialization signal; an organic light emitting diode
connected between the second node and the second power;
and a storage capacitor connected between the first power
and the third node.
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[0006] The display panel driver may drive the display
panel based on a frame which includes: an initialization
period to simultaneously initialize a second node voltage
and a third node voltage, a writing period after the initial-
ization period to compensate a threshold voltage of the
driving transistor and sequentially write data voltages, and
an emission period after the writing period to cause the
pixels to simultaneously emit light. The driving transistor
may be a p-channel metal oxide semiconductor transistor,
and the fourth transistor may be an n-channel metal oxide
semiconductor transistor.

[0007] The first power may be a predetermined constant
voltage, and the second power may have one of a first
voltage level or a second voltage level greater than the first
voltage level. Each of a turn-on level of the scan signal and
a turn-on level of the emission signal may correspond to a
logic low level, and a turn-on level of the initialization signal
may correspond to a logic high level.

[0008] In the initialization period, the second power may
have a first voltage level, the scan signal and the initializa-
tion signal may have a turn-off level, and the emission signal
may have the turn-off level.

[0009] In the writing period, the second power may have
the second voltage level, the initialization signal and the
emission signal may have a turn-off level, and the scan
signal ma have a turn-on level sequentially in order of pixel
TOWS.

[0010] In the emission period, the second voltage may
have the first voltage level, the emission signal may have a
turn-on level, and the scan signal and the initialization signal
may have a turn-off level. The first voltage level of the
second power may be less than the first power, and the
second voltage level of the second power may be greater
than the first power.

[0011] The display panel driver may include a global gate
driver to commonly provide the emission signal to the pixels
through the emission lines and to commonly provide the
initialization signal to the pixels through the initialization
lines. The global gate driver may output the initialization
signal having a turn-on level during the initialization period
and may output the emission signal having a turn-on level
during the emission period.

[0012] The display panel driver may include a scan driver
to simultaneously output the scan signal having a turn-on
level to the scan lines during the initialization period and to
sequentially output the scan signal having the turn-on level
to the scan lines in order of pixel rows. The power supply
may provide a sustain voltage to the data lines, the sustain
voltage may be provided to the display panel through the
data line in the initialization period and the emission period,
and an anode voltage of the organic light emitting diode and
a gate voltage of the driving transistor may be initialized to
the sustain voltage in the initialization period.

[0013] The first to fourth transistors and the driving tran-
sistor may be p-channel metal oxide semiconductor transis-
tors, the first power may be a predetermined constant voltage
and the second power may have one of a first voltage level
and a second voltage level greater than the first voltage level.
[0014] The display panel driver may include a global gate
driver to commonly provide the emission signal to the pixels
through the emission lines. The initialization signal may
correspond to a next scan signal of a current scan signal
corresponding to a next pixel row with respect to a current
pixel row.
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[0015] In accordance with one or more other embodi-
ments, a pixel includes a first transistor connected between
one of the data lines and a first node and having a gate
electrode to receive a K-th scan signal, where K is a positive
integer; a driving transistor connected between the first node
and a second node and having a gate electrode connected to
a third node; a second transistor connected between the
second node and the third node and having a gate electrode
to receive the K-th scan signal; a third transistor connected
between a first power and the first node and having a gate
electrode to receive an emission signal; a fourth transistor
connected between the first node and the second node in
parallel with the driving transistor and having a gate elec-
trode to receive an initialization signal, an organic light
emitting diode connected between the second node and a
second power; and a storage capacitor connected between
the first power and the third node.

[0016] The driving transistor may be a p-channel metal
oxide semiconductor transistor, and the fourth transistor may
be an n-channel metal oxide semiconductor transistor. The
fourth transistor may be one of an oxide thin film transistor,
a low temperature poly-silicon (CTPS) thin film transistor, or
a low temperature polycrystalline oxide (LTPO) thin film
transistor. The first power may be a predetermined constant
voltage, and the second power may have one of a first
voltage level or a second voltage level greater than the first
voltage level.

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 a display
device;
[0023] FIG. 6 illustrates an embodiment of signals for

controlling the display device of FIG. 5;

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

[0026] FIG. 9 illustrates another embodiment of a pixel,
[0027] FIG. 10 illustrates an embodiment of signals for
controlling the pixel of FIG. 9;

[0028] FIG. 11 illustrates another embodiment of a pixel;
[0029] FIG. 12 illustrates another embodiment of a pixel;
and
[0030] FIG. 13 illustrates an embodiment of an electronic
device.

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
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those skilled in the art. The embodiments (or portions
thereof) may be combined to form additional embodiments
[0032] In 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 which includes a display panel 110 and a display
panel driver. The display panel driver may include a timing
controller 120, a scan driver 130, a global gate driver 140,
a data driver 150, and a power supply 160. The display
device 100 may display an image by a progressive scan and
simultaneous emission method. The display device 100 may
be, for example, an organic light emitting display device or
another type of flat display device. The display device may
be a flexible display device, a transparent display device, or
a head mount display device.

[0035] The display panel 110 may include a plurality of
scan lines SL1 to SLn, a plurality of initialization lines GL.1
to GLn, a plurality of emission control lines EL1 to ELn, a
plurality of data lines DL1 to DLm, and a plurality of pixels
connected to the scan lines SL1 to SLn, the initialization
lines GL1 to GLn, the emission control lines EL1 to ELn,
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,
a second transistor, a third transistor, fourth transistor, and a
driving transistor. The first transistor is connected between
one of the data lines DL1 to DLm and a first node, and
includes a gate electrode to receive a K-th scan signal. The
driving transistor is connected between the first node and a
second node and has a gate electrode connected to a third
node. The second transistor is connected between the second
node and the third node and has a gate electrode to receive
the K-th scan signal. The third transistor is connected
between a first power ELVDD and the first node and has a
gate electrode to receive an emission signal. The fourth
transistor is connected between the first node and second
node in parallel with the driving transistor, and has a gate
electrode to receive an initialization signal. An organic light
emitting diode is connected between the second node and a
second power ELVSS. A storage capacitor is connected
between the first power ELVDD and the third node, where
K is a positive integer less than or equal to n.

[0037] In some embodiments, a frame period includes an
initialization period, a writing period, and a light emission
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period. A gate voltage of the driving transistor and an anode
voltage of the organic light emitting diode is substantially
simultaneously initialized in the initialization period. Data
voltages are sequentially written to pixel rows in the writing
period after the initialization period. The pixels 10 simulta-
neously emit light in the light emission period after the
writing period.

[0038] The display panel driver may drive the scan lines
SL1 to SLn, the emission control lines EL1 to ELn, the
initialization lines GL1 to GLn, and the data lines DL1 to
DLm and provide the first power ELVDD and the second
power ELVSS to the display panel 110. The display panel
driver may include the timing controller 120, the scan driver
130, the global gate driver 140, the data driver 150, and the
power supply 160.

[0039] The timing controller 120 may control the scan
driver 130, the global gate driver 140, the data driver 150,
and the power supply 160. The timing controller 120 may
respectively provide first to fourth control signals CONI,
CON2, CON3, and CON4 to the scan driver 130, the global
gate driver 140, the data driver 150, and the power supply
160. In some embodiments, the timing controller may
receive an RGB image signal, a vertical synchronization
signal, a horizontal synchronization signal, a main clock
signal, a data enable signal, etc., and generate image data
DATA corresponding to the RGB image signal and the first
to fourth control signals CON1, CON2, CON3, and CON4
based on these signals.

[0040] The scan driver 130 may provide the scan signal to
the scan lines SL1 to SLn based on the first control signal
CONI1. In some embodiments, the scan driver 130 may
simultaneously output the scan signal having a turn-on level
to the scan lines SL1 to SLn. The turn-on level may be, for
example, a voltage level of the scan signal to turn on the
transistor to which the scan signal 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. In some
embodiments, the scan driver 130 may sequentially provide
the scan signal having the tum-on level to pixels rows
respectively corresponding to the scan lines SL1 to SLn
during the writing period.

[0041] The global gate driver 140 may provide the emis-
sion signal to the emission control lines EL1 to ELn and the
initialization signal to the initialization lines GL1 to GLn
based on the second control signal CON2. In some embodi-
ments, each of the emission signal and the initialization
signal may correspond to a global gate signal. For example,
the emission signal may be commonly provided to all the
pixels 10 in the display panel 110. The initialization signal
may be also commonly provided to all the pixels 10 in the
display panel 110.

[0042] In some embodiments, the global gate driver 140
may output the initialization signal having the turn-on level
during the initialization period. The pixels 10 may simulta-
neously perform an initializing operation according to a
logical level of the initialization signal.

[0043] In some embodiments, the global gate driver 140
may output the emission signal having the turn-on level
during the emission period. The pixels simultaneously emit
light according to a logical level of the emission signal. In
some embodiments, the global gate driver 140 may be
physically included in the scan driver 130.
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[0044] The data driver 150 may generate the data signal
(data voltage) based on the third control signal CON3 from
the timing controller 120. The data driver 150 may provide
the data signal to the pixels 10 through the data lines DL1
to DLm. Data signals may correspond to data voltages for an
image in the writing period. Voltages provided to the data
lines D1 to DLm in periods, except for the writing period,
may correspond to the sustain voltage VSUS.

[0045] The sustain voltage VSUS may be applied to the
pixels 10 through the data lines DL1 to DLm when the data
voltage is not provided to the data lines DL1 to DLm. The
sustain voltage VSUS may be a voltage to initialize the gate
voltage of the driving transistor and the anode voltage of the
organic light emitting diode. In some embodiments, the
sustain voltage VSUS may be determined to be sufficiently
less than a threshold voltage of the organic light emitting
diode. In some embodiments, the sustain voltage VSUS may
be provided from the power supply 160.

[0046] The power supply 160 may provide the first power
ELVDD and the second power ELVSS to the display panel
110. The first power ELVDD may be a predetermined
constant voltage. For example, the first power ELVDD may
have a direct current (DC) voltage. The second power
ELVSS may swing between a first voltage level and a second
voltage level greater than the first voltage level. In some
embodiments, the second power ELVSS may have the first
voltage level in the initialization period and the emission
period and the second voltage level in the writing period
when the driving transistor is PMOS transistor. Since the
second power ELVSS has the second voltage level in the
writing period, current leakage by the data writing or unin-
tended emission of the organic light emitting diode based on
a rise of the anode voltage may be prevented.

[0047] The second voltage level of the second power
ELVSS may be, for example, a value greater than the anode
voltage when a maximum value of the data voltage is
applied to the driving transistor. In one embodiment, the
second voltage level of the second power ELVSS may be a
value greater than or equal to a voltage level of the first
power ELVDD. In one embodiment, the second voltage
level of the second power ELVSS may be a level that does
not cause the organic light emitting diode to emit light
during the writing period.

[0048] In some embodiments, the power supply 160 may
further provide the sustain voltage VSUS to the data lines
DL1 to DLm. In some embodiments, the display device 100
may further include a switch transistor 162 connected
between the data lines DL1 to DLm and the power supply
160. The switch transistor 162 may have a gate electrode to
receive a data line control signal GLC. In some embodi-
ments, the data line control signal GLC may be provided
from the timing controller 120. The sustain voltage VSUS
may be generated and provided from other elements than the
power supply 160. In one embodiment, the switch transistor
162 may be outside the display panel 110.

[0049] As described above, the display device 100 of the
simultaneous driving method according to example embodi-
ments may simultaneously initialize the gate voltage of the
driving transistor and the anode voltage of the organic light
emitting diode of each of the pixels 10 during the initial-
ization period. As a result, initialization time may be
reduced. Also, initialization deviation of the pixels 10 and
initialization deviation between the gate voltage and the
anode voltage may be eliminated. In addition, the transistor



US 2018/0226029 Al

for initialization may be an NMOS transistor (e.g., an oxide
thin film transistor, NMOS LIPS thin film transistor, etc.)
having high response speed. This may allow for a further
reduction in initialization time. Thus, display failure due to
initialization deviation may be reduced. In addition, the first
power ELVDD may be a constant voltage and the second
power ELVSS may have only two voltage levels. As a result,
images may be stably displayed without blur and/or flicker.
[0050] FIG. 2 illustrates an embodiment of a timing dia-
gram for controlling operation of the display device of FIG.
1. Referring to FIGS. 1 and 2, a single frame period of the
display device 100 may include an initialization period P1,
a writing period P2, and an emission period P3. In some
embodiments, a first power ELVDD may be a predetermined
constant voltage. A second power ELVSS may have one of
a first voltage level V1 or a second voltage level V2 greater
than the first voltage level V1. For example, the second
power ELVSS may have the first voltage level V1 in the
initialization period P1 and the emission period P3 and may
have the second voltage level V2 in the writing period P2.
[0051] In some embodiments, each of the emission signal
EM and the initialization signal may be a global signal
commonly provided to all the pixels 10.

[0052] In the initialization period P1, scan signals SCAN
(1) to SCAN(n) and the initialization signal GI may have a
turn-on level and the emission signal EM may have a
turn-off level. In some embodiments, the scan driver 130
may simultaneously output the scan signals SCAN(1) to
SCAN(n). Each of the scan signals SCAN(1) to SCAN(n)
may have a turn-on level during the initialization period P1.
The global gate driver 140 may output the initialization
signal GI having the turn-on level and the emission signal
EM having the tum-off level during the initialization period
P1. Accordingly, the gate voltage of the driving transistor
and the anode voltage of the organic light emitting diode of
each pixel 10 may be substantially simultaneously initialized
to the same voltage.

[0053] In some embodiments, a transistor receiving the
initialization signal GI may be an NMOS transistor and the
driving transistor may be a PMOS transistor. Thus, as
illustrated in FIG. 2, the turn-on level of the initialization
signal GI may be a logic high level and the turn-off level of
the initialization signal GI may be a logic low level. In
contrast, the turn-on level of the scan signals SCAN(1) to
SCAN(n) and emission signal EM may be the logic low
level and the turn-off level of the scan signals SCAN(1) to
SCAN(n) and emission signal EM may be the logic high
level. Thus, the turn-on level of the initialization signal GI
may be different from that of the scan and emission signals.
[0054] In some embodiments, switch transistor 162 out-
side the display panel 110 may be turned on by the data line
control signal GLC, to provide the sustain voltage VSUS to
the pixels 10 through the data lines DL1 to DLm. The gate
voltage of the driving transistor and the anode voltage of the
organic light emitting diode may be initialized to the sustain
voltage VSUS.

[0055] In the writing period, the second power ELVSS
may have the second voltage level V2, the initialization
signal GI and emission signal may have the turn-off level,
and the scan signals SCAN(1) to SCAN(n) may sequentially
have the turn-on level in order of the pixel rows. The scan
driver 130 may sequentially output the scan signals SCAN
(1) to SCAN(n), each having the turn-on level in order of the
pixel rows during the writing period P2. The global gate
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driver 140 may output the initialization signal GI and the
emission signal EM, each having the turn-off level during
the writing period P2. Accordingly, data voltages DATA may
be sequentially written on the pixel rows. A drain electrode
and the gate electrode of the driving transistor of each of the
pixels 10 may be shorted (e.g., diode-connected). Thus,
threshold voltage compensation of the driving transistor may
be performed simultaneously with the data writing.

[0056] In some embodiments, the second voltage level of
the second power ELVSS may be greater than the anode
voltage when a maximum value of the data voltage is
applied to the driving transistor. For example, when the
driving transistor is the PMOS transistor, the second voltage
level V2 may be based on a data voltage corresponding to a
black image or the lowest grayscale level.

[0057] Since the data line control signal GLC may have
the turn-off level during the writing period P2, the switch
transistor 162 may be turned off and the data voltages DATA
may be provided to the pixels 10 through the data lines DL1
to DLm.

[0058] In the emission period P3, the second power
ELVSS may have the first voltage level V1, the emission
signal EM may have the turn-on level, and the scan signals
SCAN(1) to SCAN(n) and the initialization signal GI may
have the turn-off level. Accordingly, all pixels 10 may
simultaneously emit light based on respective data voltages
DATA.

[0059] FIG. 3 illustrates an embodiment of a pixel 10
which may be representative of the pixels in the display
device 100, and FIG. 4 is a timing diagram illustrating an
example operation of the pixel 10.

[0060] Referring to FIGS. 3 and 4, the pixel 10 may
include a first transistor T1, a second transistor T2, a third
transistor T3, a fourth transistor T4, a driving transistor TD,
an organic light emitting diode OLED, and a storage capaci-
tor CST. In some embodiments, the pixel 10 may be in a
display device driven by a simultaneous emission method.

[0061] The first transistor T1 may be connected between a
data line DL and a first node N1, and may include a gate
electrode to receive a scan signal SCAN(k). The first tran-
sistor T1 may be turned on by a turn-on level of the scan
signal SCAN(k), to transmit a voltage from the data line DL
to the first node N1.

[0062] The driving transistor TD may be connected
between the first node N1 and a second node N2, and may
include a gate electrode connected to a third node N3. In
some embodiments, the driving transistor TD may be a
PMOS transistor. Thus, the first node N1 may correspond to
a source electrode of the driving transistor TD, the second
node N2 may correspond to a drain electrode of the driving
transistor TD, and the third node N3 may correspond to the
gate electrode of the driving transistor TD.

[0063] The second transistor T2 may be connected
between the second node N2 and the third node N3, and may
include a gate electrode to receive the scan signal SCAN(k).
When the second transistor T2 is turned on, the gate elec-
trode of the driving transistor TD and the drain electrode of
the driving transistor TD may be shorted (e.g., diode con-
nected) in order to perform threshold voltage compensation.

[0064] The third transistor T3 may be connected between
the first power ELVDD and the first node N1. The third
transistor T3 may include a gate electrode to receive the
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emission signal EM. The third transistor T3 may be turned
on to transmit the first power ELVDD to the first node in the
emission period P3.

[0065] The fourth transistor T4 may be connected between
the first node N1 and the second node N2 in parallel with the
driving transistor TD. The fourth transistor T4 may include
a gate electrode to receive the initialization signal GI. The
transistor type of the fourth transistor T4 may be different
from the driving transistor TD. In some embodiments, the
fourth transistor T4 may be an NMOS transistor. In some
embodiments, the NMOS transistor may be implemented as
an oxide thin film transistor. In some embodiments, the
NMOS transistor may be implemented as a low temperature
poly-silicon (LTPS) thin film transistor. In some embodi-
ments, the NMOS transistor may be implemented as a low
temperature polycrystalline oxide (LTPO) thin film transis-
tor. Accordingly, the fourth transistor T4 may have relatively
fast response speed and less leakage than the driving tran-
sistor TD.

[0066] The storage capacitor CST may be connected
between the first power ELVDD and the third node N3. The
organic light emitting diode OLED may be connected
between the second node N2 and the second power ELVSS.

[0067] In some embodiments, the first to third transistors
T1, T2, and T3 and the driving transistors TD may be PMOS
transistors and only the fourth transistor T4 may be an
NMOS transistor. Thus, the turn-on level of the initialization
signal GI may be a logic high level.

[0068] Referring to FIG. 4, in the initialization period P1,
the second power ELVSS may have the first voltage level
V1, the scan signal SCAN(k) and the initialization signal GI
may have a turn-on level, and the emission signal EM may
have a turn-off level. Further, a switch SW outside the
display panel may be turned on and a sustain voltage VSUS
may be transmitted to the data line DL during the initial-
ization period P1. Accordingly, the first, second, and fourth
transistors T1, T2, and T4 may be turned on and the first,
second, and third nodes N1, N2, and N3 may be shorted.
Thus, the sustain voltage VSUS may be applied to the first,
second, and third nodes N1, N2, and N3. The second node
N2 may correspond to an anode of the organic light emitting
diode and the third node N3 may correspond to the gate
electrode of the driving transistor TD. Thus, an anode
voltage and a gate voltage of the driving transistor TD may
be simultaneously initialized to the sustain voltage VSUS in
the initialization period P1.

[0069] In the writing period P2, the second power ELVSS
may have the second voltage level, the initialization signal
GT and the emission signal EM may have the turn-off levels,
and the scan signal SCAN(k) may have the turn-on level.
The data voltage DATA may be transmitted to the pixel 10
through the data line DL and the first and second transistors
T1 and T2 may be turned on in the writing period P2. The
drain and gate electrodes of the driving transistor TD may be
shorted, so that a voltage corresponding to difference
between the data voltage DATA and the threshold voltage of
the driving transistor TD may be applied to the gate elec-
trode. Thus, the threshold voltage compensation between the
gate and source electrodes may occur with data writing in
the writing period P2.

[0070] Since the second power ELVSS may have the
second voltage level in the writing period P2, current
leakage at the driving transistor TD by data writing and/or

Aug. 9, 2018

an unintended emission of the organic light emitting diode
based on a rise of the anode voltage (e.g., a second node
voltage) may be prevented.

[0071] In the emission period P3, the second power
ELVSS may have the first voltage level again, the emission
signal EM may have the turn-on level, and the scan signal
SCAN(k) and the initialization signal GI may have the
turn-off level. Accordingly, the third transistor T3 may be
turned on and the driving transistor TD may generate
emission current based on the data voltage DATA to emit
light from the organic light emitting diode OLED.

[0072] In some embodiments, the second transistor T2
may also be an NMOS transistor (e.g., implemented as the
oxide thin film transistor). Also, a signal applied to the gate
electrode of the second transistor T2 may have a waveform
opposite to the scan signal SCAN(k).

[0073] As described above, the pixel 10 may substantially
simultaneously initialize the anode voltage of the organic
light emitting diode OLED and the gate voltage of the
driving transistor TD using the fourth transistor T4, which is
connected in parallel with the PMOS-type driving transistor
TD. Accordingly, the initialization time in every frame may
be reduced. Thus, initialization deviation of the pixels 10
may be reduced or eliminated and display failure due to
initialization deviation may be reduced. In addition, the
fourth transistor T4 may be an NMOS transistor having a
high response speed, and thus the initialization time may be
further shortened.

[0074] FIG. 5 illustrates another embodiment of a display
device 100A. FIG. 6 is a timing diagram illustrating an
example operation of the display device 100A. The display
device 100A may be substantially the same as or similar to
the display device 100 in FIG. 1, except for the pixel and the
global gate driver.

[0075] Referring to FIGS. 5 and 6, the display device
100A may include a display panel 110 and a display panel
driver. The display panel driver may include a timing
controller 120, a scan driver 130, a global gate driver 140A,
a data driver 150, and a power supply 160. The display
device 100 may display an image by progressive scan and
simultaneous emission methods.

[0076] The display panel may include a plurality of pixels
11. Each pixel 11 may have substantially the same construc-
tion as pixel 10 in FIG. 3, except for the fourth transistor.
[0077] In some embodiments, a frame period includes an
initialization period to substantially simultaneously initialize
a gate voltage of the driving transistor and an anode voltage
of the organic light emitting diode, a writing period after the
initialization period to sequentially write data voltages to
pixel rows, and an emission period after the writing period
to control the pixels 11 to simultaneously emit light.
[0078] The timing controller 120 may control the scan
driver 130, the global gate driver 140A, the data driver 150,
and the power supply 160. The scan driver 130 may provide
a scan signal to a plurality of scan lines SL.1 to SLn based
on a first control signal CON1. The global gate driver 140A
may provide an emission signal to the emission control lines
EL1 to ELn based on a second control signal CON2. The
data driver 150 may generate a data signal (data voltage)
based on a third control signal CON3 from the timing
controller 120. The data driver 150 may provide the data
signal to the pixels 11 through the data lines DL1 to DLm.
[0079] A sustain voltage VSUS may be applied to the
pixels 11 through the data lines DL1 to DLm when the data
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voltage is not provided to the data lines DL1 to DLm. The
sustain voltage VSUS may be a voltage to initialize a gate
voltage of the driving transistor and an anode voltage of the
organic light emitting diode.

[0080] The power supply 160 may provide the first power
ELVDD and the second power ELVSS to the display panel
110. The first power ELVDD may be a predetermined
constant voltage. For example, the first power ELVDD may
have a direct current (DC) voltage. The second power
ELVSS may swing between a first voltage level and a second
voltage level greater than the first voltage level.

[0081] As illustrated in FIG. 6, the display device 100A
may operate in an order of the initialization period P1, the
writing period P2, and the emission period P3. Unlike the
display device 100 in FIG. 1, the global gate driver 140A
does not generate an initialization signal.

[0082] In the initialization period P1, the second power
ELVSS may have the first voltage level V1, the scan signals
SCAN(1) to SCAN(n) may have a turn-on level, and the
emission signal EM may have a turn-off level. Accordingly,
the gate voltage of the driving transistor and the anode
voltage of the organic light emitting diode of each of the
pixels 10 may be substantially simultaneously initialized to
the same voltage.

[0083] In the writing period P2, the second power ELVSS
may have the second voltage level V2, the emission signal
EM may have the turn-off’ level, and the scan signals
SCAN(1) to SCAN(n) may sequentially have the turn-on
level in order of the pixel rows. Accordingly, the data
voltages DATA may be sequentially written on the pixel
rows.

[0084] In the emission period P3, the second power
ELVSS may have the first voltage level V1, the emission
signal EM may have the turn-on level, and the scan signals
SCAN(1) to SCAN(n) may have the turn-off level. Accord-
ingly, all the pixels 11 may simultaneously emit light cor-
responding to the respective data voltages DATA.

[0085] FIG. 7 illustrates another embodiment of a pixel 11
which may be representative of the pixels in the display
device 100A. FIG. 8 is a timing diagram illustrating an
example operation of the pixel 11. The pixel 11 may be
substantially the same as or similar to the pixel 10 in FIG.
3, except for the fourth transistor.

[0086] Referring to FIGS. 7 and 8, the pixel 11 in a K-th
pixel row may include a first transistor T1, a second tran-
sistor T2, a third transistor T3, a fourth transistor T4, a
driving transistor TD, an organic light emitting diode OLED,
and a storage capacitor CST, where K is a positive integer.

[0087] The first transistor T1 may be connected between a
data line DL and a first node N1, and may include a gate
electrode to receive a K-th scan signal SCAN(k). The
driving transistor TD may be connected between the first
node N1 and a second node N2. The driving transistor TD
may include a gate electrode connected to a third node N3.
The second transistor T2 may be connected between the
second node N2 and the third node N3. The second transistor
T2 may include a gate electrode to receive the K-th scan
signal SCAN(k). The third transistor T3 may be connected
between the first power ELVDD and the first node N1. The
third transistor T3 may include a gate electrode to receive an
emission signal EM. The fourth transistor T4 may be con-
nected between the first node N1 and the second node N2 in
parallel with the driving transistor TD. The fourth transistor
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T4 may include a gate electrode to receive a (K+1)-th scan
signal SCAN(k+1) that is applied to a next pixel row (e.g,,
a (K+1)-th pixel row.

[0088] The storage capacitor CST may be connected
between the first power ELVDD and the third node N3. The
organic light emitting diode OLED may be connected
between the second node N2 and the second power ELVSS.
[0089] Insome embodiments, the first to fourth transistors
T1, T2, T3, and T4 and the driving transistors TD may be
PMOS transistors. Thus, a (K+1)-th scan line may be
connected to the gate electrode of the fourth transistor T4.
[0090] As illustrated in FIG. 6, in the initialization period
P1, the second power ELVSS may have the first voltage
level V1, the K-th scan signal SCAN(k) and the (K+1)-th
scan signal SCAN(K+1) may have a turn-on level and the
emission signal EM may have a turn-offlevel. Thus, the first,
second, and fourth transistors T1, T2, and T4 may be turned
on, the first, second, and third nodes N1, N2, and N3 may be
shorted, and an anode voltage and a gate voltage of the
driving transistor TD may be simultaneously initialized to
the sustain voltage VSUS in the initialization period P1.
[0091] In the writing period P2 of the K-th pixel row, the
second power ELVSS may have the second voltage level, the
emission signal EM may have the turn-off levels, and the
K-th scan signal SCAN(k) may have the turn-on level. The
data voltage DATA may be transmitted to the pixel 11
through the data line DL and first and second transistors T1
and T2 may be turned on in the writing period P2. The drain
and gate electrodes of the driving transistor TD may be
shorted to allow a voltage corresponding to difference
between the data voltage DATA and the threshold voltage of
the driving transistor TD to be applied to the gate electrode.
Thus, the threshold voltage compensation between the gate
and source electrodes may occur with data writing in the
writing period P2.

[0092] In the emission period P3, the second power
ELVSS may have the first voltage level again, the emission
signal EM may have the turn-on level, the K-th scan signal
SCAN(k) and (K+1)-th scan signal SCAN(K+1) may have
the turn-off level. Thus, the third transistor T3 may be turned
on and the driving transistor TD may generate emission
current based on the data voltage DATA to emit light from
the organic light emitting diode OLED.

[0093] As described above, the pixel 11 may substantially
simultaneously initialize the anode voltage of the organic
light emitting diode OLED and the gate voltage of the
driving transistor TD using the fourth transistor T4, which
connected in parallel with the PMOS-type driving transistor
TD. Accordingly, initialization time in every frame may be
reduced. Also, initialization deviation of the pixels 11 may
be eliminated and display failure due to initialization devia-
tion may be reduced.

[0094] FIG. 9 illustrates another embodiment of a pixel
12, and FIG. 10 is a timing diagram illustrating an example
operation of pixel 12 in FIG. 9. The pixel 12 may be
substantially the same as or similar to the pixel 11 in FIG.
7, except for a signal applied to the fourth transistor.
[0095] Referring to FIGS. 9 and 10, the pixel 12 in a K-th
pixel row may include a first transistor T1, a second tran-
sistor T2, a third transistor T3, a fourth transistor T4, a
driving transistor TD, an organic light emitting diode OLED,
and a storage capacitor CST, where K is a positive integer.
In some embodiments, the first to fourth transistors T1, T2,
T3, and T4 and the driving transistors TD may be PMOS
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transistors. An initialization signal GT as a global gate signal
may be applied to the fourth transistor T4.

[0096] As illustrated in FIG. 10, the initialization signal GI
may have a turn-on level in an initialization period P1 and
a turn-off level in writing and emission periods P2 and P3.
Thus, the fourth transistor T4 may be turned on only in the
initialization period P1, so that an anode voltage and a gate
voltage of the driving transistor TD may be simultaneously
initialized to a sustain voltage VSUS.

[0097] As described above, the pixel 12 may substantially
simultaneously initialize the anode voltage of the organic
light emitting diode OLED and the gate voltage of the
driving transistor TD using the fourth transistor T4 con-
nected in parallel with the PMOS type driving transistor TD.
Thus, initialization time in every frame may be reduced.

[0098] FIG. 11 illustrates another embodiment of a pixel
15, and F1G. 12 illustrates another embodiment of a pixel 16.
The pixels in FIGS. 11 and 12 may be substantially the same
as or similar to the pixel in FIG. 3, except for the driving
transistor that is implemented as an NMOS transistor.

[0099] Referring to FIGS. 11 and 12, each of the pixels 15
and 16 in a K-th pixel row may include a first transistor T11,
a second transistor T21, a third transistor 131, a fourth
transistor T41, a driving transistor TD1, an organic light
emitting diode OLED, and a storage capacitor CST, where
K is a positive integer. In some embodiments, the driving
transistor TD1 may be an NMOS transistor. For example, the
driving transistor TD1 may be implemented as an oxide thin
film transistor, an LIPS thin film transistor, or an LTPO thin
film transistor.

[0100] Insome embodiments, as illustrated in FIG. 11, the
first to fourth transistors T11, T21, T31, T41 may be NMOS
transistors. In some embodiments, as illustrated in FIG. 12,
the fourth transistor T41 may be a PMOS transistor.

[0101] The first transistor T11 may be connected between
a data line DL and a first node N1, and may include a gate
electrode to receive a K-th scan signal SCAN(k). The
driving transistor TD may be connected between the first
node N1 and a second node N2. The driving transistor TD
may include a gate electrode connected to a third node N3.
The second transistor T21 may be connected between the
second node N2 and the third node N3. The second transistor
T21 may include a gate electrode to receive the K-th scan
signal SCAN(k). The third transistor T31 may be connected
between the first power ELVDD and the first node N1. The
third transistor T31 may include a gate electrode to receive
an emission signal EM. The fourth transistor T41 may be
connected between the first node N1 and the second node N2
in parallel with the driving transistor TD. The fourth tran-
sistor T4 may include a gate electrode to receive an initial-
ization signal GI. The storage capacitor CST may be con-
nected between the first power ELVDD and the third node
N3. The organic light emitting diode OLED may be con-
nected between the second node N2 and the second power
ELVSS.

[0102] The gate voltage of the driving transistor TD1 and
the anode voltage of the organic light emitting diode OLED
may be substantially simultaneously initialized to the same
voltage.

[0103] FIG. 13 illustrates an embodiment of an electronic
device 1000 which 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
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1060. The display device 1060 may correspond, for
example, to any of the aforementioned embodiments.
[0104] In addition, the electronic device 1000 may 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 embodi-
ment, the electronic device 1000 may be a head mount
display (HMD), a television, a smart phone, a cellular
phone, a video phone, a smart pad, a smart watch, a tablet,
a personal computer, a navigation for vehicle, a monitor, a
notebook, and/or the like.

[0105] 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.
[0106] 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.

[0107] 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.

[0108] The I/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.

[0109] The power supply 1050 may provide power for the
electronic device 1000.

[0110] 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
including a plurality of pixels, a data driver to provide a data
voltage to the display panel, a scan driver to provide a scan
signal to the display panel, a global gate driver to provide an
emission signal and an initialization signal, and a power
supply to provide first and second powers to the display
panel.

[0111] Each pixel may include a first transistor connected
between a data line and a first node and having a gate
electrode to receive a scan signal, a driving transistor
connected between the first node and a second node and
having a gate electrode connected to a third node, a second
transistor connected between the second node and the third
node and having a gate electrode to receive the scan signal,
a third transistor connected between the first power and the
first node and having a gate electrode to receive an emission
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signal, a fourth transistor connected between the first node
and the second node in parallel with the driving transistor
and having a gate electrode to receive an initialization
signal.

[0112] Thus, the gate voltage of the driving transistor and
the anode voltage of the organic light emitting diode of each
of the pixels may be substantially simultaneously initialized
to the same voltage. Accordingly, the initialization time for
the pixels may be reduced and an initialization deviation of
the pixels and an initialization deviation between the gate
voltage and the anode voltage may be eliminated. In addi-
tion, the transistor for initialization may be an NMOS
transistor (e.g., an oxide thin film transistor, NMOS LTPS
thin film transistor, etc.) having a high response speed, so
that the initialization time may be further shortened.

[0113] 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, 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.

[0114] 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 computer, 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.

[0115] The drivers, controllers, and other signal generat-
ing and signal processing circuits of the embodiments
described 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 circuits 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.

[0116] When implemented in at least partially in software,
the drivers, controllers, and other signal generating and
signal processing circuits 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
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computer, processor, controller, or other signal processing
device into a special-purpose processor for performing the
methods described herein.

[0117] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise indicated.
Accordingly, various changes in form and details may be
made without departing from the spirit and scope of the
embodiments set forth in the claims.

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, a
plurality of emission control lines, a plurality of ini-
tialization lines, and a plurality of data lines, the display
panel driver to provide first power and second power to
the display panel, wherein each of the pixels includes:

a first transistor connected between one of the data lines
and a first node and having a gate electrode to receive
a scan signal;

a driving transistor connected between the first node and
a second node and having a gate electrode connected to
a third node;

a second transistor connected between the second node
and the third node and having a gate electrode to
receive the scan signal;

a third transistor connected between the first power and
the first node and having a gate electrode to receive an
emission signal;

a fourth transistor connected between the first node and
the second node in parallel with the driving transistor
and having a gate electrode to receive an initialization
signal,

an organic light emitting diode connected between the
second node and the second power; and

a storage capacitor connected between the first power and
the third node.

2. The device as claimed in claim 1, wherein the display
panel driver is to drive the display panel based on a frame
which includes:

an initialization period to simultaneously initialize a sec-
ond node voltage and a third node voltage,

a writing period after the initialization petiod to compen-
sate a threshold voltage of the driving transistor and
sequentially write data voltages, and

an emission period after the writing period to cause the
pixels to simultaneously emit light.

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

the driving transistor is a p-channel metal oxide semicon-
ductor transistor, and

the fourth transistor is an n-channel metal oxide semicon-
ductor transistor.

4. The device as claimed in claim 3, wherein:

the first power is a predetermined constant voltage, and

the second power has one of a first voltage level or a
second voltage level greater than the first voltage level.
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5. The device as claimed in claim 4, wherein:

each of a turn-on level of the scan signal and a turn-on
level of the emission signal corresponds to a logic low
level, and

a turn-on level of the initialization signal corresponds to
a logic high level.

6. The device as claimed in claim 4, wherein in the

initialization period:

the second power has the first voltage level,

the scan signal and the initialization signal have a turn-off
level, and

the emission signal has the turn-off level.

7. The device as claimed in claim 4, wherein in the writing

period:

the second power has the second voltage level,

the initialization signal and the emission signal have a
turn-off level, and

the scan signal has a turn-on level sequentially in order of
pixel rows.

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

emission period:

the second voltage has the first voltage level,

the emission signal has a turn-on level, and

the scan signal and the initialization signal have a turn-off
level.

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

the first voltage level of the second power is less than the
first power, and

the second voltage level of the second power is greater
than the first power.

10. The device as claimed in claim 3, wherein the display

panel driver includes:

a global gate driver to commonly provide the emission
signal to the pixels through the emission control lines
and to commonly provide the initialization signal to the
pixels through the initialization lines.

11. The device as claimed in claim 10, wherein the global

gate driver is to:

output the initialization signal having a turn-on level
during the initialization period, and

output the emission signal having a turn-on level during
the emission period.

12. The device as claimed in claim 3, wherein the display

panel driver includes:

a scan driver to simultaneously output the scan signal
having a turn-on level to the scan lines during the
initialization period and to sequentially output the scan
signal having the turn-on level to the scan lines in order
of pixel rows.

13. The device as claimed in claim 3, further comprising:

a power supply is to provide a sustain voltage to the data
lines,

wherein the sustain voltage is to be provided to the display
panel through the data line in the initialization period
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and the emission period, and wherein an anode voltage
of the organic light emitting diode and a gate voltage of
the driving transistor are to be initialized to the sustain
voltage in the initialization period.

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

the first to fourth transistors and the driving transistor are
p-channel metal oxide semiconductor transistors,

the first power is a predetermined constant voltage, and

the second power has one of a first voltage level and a
second voltage level greater than the first voltage level.

15. The device as claimed in claim 14, wherein the display
panel driver includes:

a global gate driver to commonly provide the emission

signal to the pixels through the emission control lines.

16. The device as claimed in claim 15, wherein the
initialization signal corresponds to a next scan signal of a
current scan signal corresponding to a next pixel row with
respect to a current pixel row.

17. A pixel, comprising:

a first transistor connected between a data line and a first
node and having a gate electrode to receive a K-th scan
signal, where K is a positive integer;

a driving transistor connected between the first node and
a second node and having a gate electrode connected to
a third node;

a second transistor connected between the second node
and the third node and having a gate electrode to
receive the K-th scan signal;

a third transistor connected between a first power and the
first node and having a gate electrode to receive an
emission signal;

a fourth transistor connected between the first node and
the second node in parallel with the driving transistor
and having a gate electrode to receive an initialization
signal,

an organic light emitting diode connected between the
second node and a second power; and

a storage capacitor connected between the first power and
the third node.

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

the driving transistor is a p-channel metal oxide semicon-
ductor transistor, and

the fourth transistor is an n-channel metal oxide semicon-
ductor transistor.

19. The pixel as claimed in claim 18, wherein the fourth
transistor is one of an oxide thin film transistor, a low
temperature poly-silicon (LTPS) thin film transistor, or a low
temperature polycrystalline oxide (LTPO) thin film transis-
tor.

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

the first power is a predetermined constant voltage, and

the second power has one of a first voltage level or a
second voltage level greater than the first voltage level.
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