US 20180158414A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2018/0158414 A1l

LEE 43) Pub. Date: Jun, 7, 2018
(54) ORGANIC LIGHT-EMITTING DISPLAY (52) US. CL
DEVICE CPC ... G09G 3/3258 (2013.01); GO9G 2320/0233
(2013.01); G09G 3/3233 (2013.01); HOIL
(71) Applicant: Samsung Display Co. Ltd., Yongin-si 27/3276 (2013.01)
(KR)
(72) Inventor: Wook LEE, Hwaseong-si (KR)
(57) ABSTRACT
(21) Appl. No.: 15/827,624
(22) Filed: Now. 30, 2017
(30) Foreign Application Priority Data An grganic light-emit?ing.display device includes.a plurality
of pixels, each of which is connected to a scan line, a data
Dec. 1,2016  (KR) oooovvrvvvee 10-2016-0162632  line, afirst power line and a second power line, and includes
o o a light-emitting diode. A voltage applied to an anode of the
Publication Classification light-emitting diode is higher than a voltage applied to a
(51) Int. CL cathode in a first operation period, and a voltage applied to
GO9G 3/3258 (2006.01) the anode of the light-emitting diode is lower than a voltage
HOIL 27/32 (2006.01) applied to the cathode in at least a part of a second operation
G09G 3/3233 (2006.01) period different from the first operation period.
500 3?0
DAT _
CTL2
CTL1 D1 (D2 o o Dm
\ Y y L
L K
2
L ) L
®
°
. . » 100
L
®
L] . [}
SN
é A A
200 ELVSS , ELVSS v ELVDD
CTL3

400



Patent Application Publication  Jun. 7,2018 Sheet 1 of 13 US 2018/0158414 A1

FIG. 1

500 300

DAT

CTL2

CTL D1 D2 o o« Dm

Y

SU ] - - - [
S2

Y

. . » 100

Y

N ] ¢ - ¢ [X]

i
2é0 ELVSS , ELVSS v ELVDD

Y

CTL3

400



Patent Application Publication  Jun. 7,2018 Sheet 2 of 13 US 2018/0158414 A1

FIG. 2
40

[ ~——

SW_ELVSS ELVSS

-
-l

|

ELVSS p
ELVSS 1

ELVSS_rv




Patent Application Publication  Jun. 7,2018 Sheet 3 of 13 US 2018/0158414 A1

FIG. 3
o ELVDD
~DL PLI~~
Si¢¢ O —— | )
SL | A osT
T TR
| TR
o
/0D |
e e ;lli:________-_____i
)
~ i —— PL =
X ELVSS

ELVSS _rv



Patent Application Publication  Jun. 7,2018 Sheet 4 of 13 US 2018/0158414 A1

[v] 4 L2

ELVSS, [y pommrmmmmmmmemmmeemeereee (
ELVDD :

GND

ELVSS




Patent Application Publication  Jun. 7,2018 Sheet 5 of 13 US 2018/0158414 A1

FIG. 5

[%]
100

MS1

80
60
40
20




Patent Application Publication  Jun. 7,2018 Sheet 6 of 13 US 2018/0158414 A1

FIG. 6
CTL4a
500a 300a
DAT _
T
CTL D1 |D2 . . . Dm 100
Y \ Yy Y Y
o <Mt
. « e < RVCt
52 L EM2
> RVC2

Y

S K] .+ » [PX] | BMn

RVCn

F O Y

200 ELVSS ELVDD ﬁéOa

y

CTL3




Patent Application Publication  Jun. 7,2018 Sheet 7 of 13 US 2018/0158414 A1

FIG. 7
o ELVDD
L PL1
i i ______________________________________ )
T
- 1 i ECL
. TR1 !
; p-iem. o 5 EM
RCL | | | i
RVG) ——— - TR2 {}Id ;
1
| TRrv
SZOLED |
_____ I i
4 '\
= Plia A




Patent Application Publication  Jun. 7,2018 Sheet 8 of 13 US 2018/0158414 A1

FIG. 8
,Qi/ EI.)/\I;)D
_ oL L _PL2
56 i ______________________________________ %
b _J_\ i
e 1 — ECL
111 TR2 !
E ||GTRem; 7 % M
RVGJ'&)f % - TRI
S s |
| TRrv
\/ OLED
_____ SR Tt
j ~PL2
== Pfia — S



US 2018/0158414 A1

Jun. 7,2018 Sheet 9 of 13

Patent Application Publication

RVG1-RVCn




Patent Application Publication  Jun. 7,2018 Sheet 10 of 13  US 2018/0158414 A1

FIG. 10
| . .
S| | /; | ~t
RVC] ’ -t

|
EMj | T k “““ ----------------- -t
|

TR \\ | N
RVGi+1 | ] \ | -t
EMi+1 | I % ““““ T -t

| DATAH
5 DI\\__‘,_,\
. DATAL] | |
»-T—>i4-+—54—+-1:< J»E4 +—i< ----- sse -
| (tc] td] ,/7 \\, f‘\
"\ "//tframe NN
\ te j+1 td j+1 \\\
1 \
tc 1-tc j- tc j+2 - tcn

td_j+2 - td_n



Patent Application Publication  Jun. 7,2018 Sheet 11 of 13 US 2018/0158414 A1

FIG. 11
CTL4b
500b 300
DAT
cTi2
CTL1 DID2 o o o Dm 100
v I Y Y
51 < EM1
” > et L EM2

R

Y

J A é
2é0 ELVSS  |Vint ELVDD 600b

CTL3b

4éOb



Patent Application Publication  Jun. 7,2018 Sheet 12 of 13  US 2018/0158414 A1

FIG. 12

Di ELVDD




Patent Application Publication  Jun. 7,2018 Sheet 13 of 13  US 2018/0158414 A1




US 2018/0158414 Al

ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

[0001] This application claims priority to Korean Patent
Application No. 10-2016-0162632, filed on Dec. 1, 2016,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

1. Field

[0002] The disclosure relates to an organic light-emitting
display device.

2. Description of the Related Art

[0003] In recent years, various display devices with
reduced weight and volume have been developed. Examples
of such display devices include a liquid-crystal display
(“LCD”), a field emission display (“FED”), a plasma display
panel (“PDP”), and an organic light-emitting diode display,
etc.

[0004] Among these, an organic light-emitting display
device displays images by using organic light-emitting
diodes (“OLEDs) in which holes and electrons are recom-
bined to generate light. An organic light-emitting display
device has been attracting attention because the organic
light-emitting display has a fast response speed and is driven
with low power, as well as having high luminous efficiency,
high brightness and an improved viewing angle.

[0005] Organic light-emitting display devices may be
classified into a passive matrix display device and an active
matrix display device depending on the driving manner. In
a passive matrix display device, anodes and cathodes cross
each other to form a matrix in a screen display area, and
pixels are formed at intersections of the anodes and the
cathodes. In an active matrix display device, a thin film
transistor is disposed every pixel, and each pixel is con-
trolled using the thin film transistor.

[0006] The main difference between the active and passive
matrix display devices lies in the difference in the emission
time of the organic light-emitting display devices. Specifi-
cally, the passive matrix display device allows the organic
emission layer to emit light at a high luminance instanta-
neously, but the active matrix display device allow the
organic light emitting layer to emit light at a low luminance
continuously.

[0007] The active matrix display device has advantages
such as smaller parasitic capacitance and smaller power
consumption compared to the passive matrix display device,
but has a disadvantage of uneven luminance. To solve this
problem, characteristics of a driving transistor are compen-
sated by using a voltage writing scheme or a current writing
scheme.

[0008] Specifically, each pixel of the active matrix organic
light-emitting display device includes an OLED, a driving
transistor for controlling current for driving the OLED, a
switching transistor for applying a data signal for grayscale
representation to the driving transistor, and a capacitor for
driving the driving transistor for a predetermined time to
allow the OLED to emit light as desired. In operation, the
voltage difference between the source and the gate of the
driving transistor is stored in the capacitor, and then the
driving transistor is connected to the voltage source so that
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a current corresponding to a video signal current flows in the
driving transistor. Accordingly, the value of the current
applied to the OLED becomes the value of the current input
as the video signal, such that the luminance unevenness may
be improved, irrespective of the difference in the device
characteristics of the driving transistor.

SUMMARY

[0009] However, according to the above scheme, an
organic light-emitting diode (“OLED"”) may be turned on/off
by switching of the driving transistor, and the anode elec-
trode of the OLED may be floated when the driving tran-
sistor is turned off such that the constant voltage lifetime of
the OLED is shortened. In addition, since the voltage
applied to the anode electrode of the OLED is equal to or
higher than the voltage applied to the cathode electrode, the
efficiency of the OLED itself may be degraded. Further, the
characteristics of the device may be deteriorated at the
interface inside the OLED formed in a stack structure, and
thus the lifetime of the OLED may be shortened.

[0010] Accordingly, a structure capable of supplying a
reverse bias to the OLED is desired so that the voltage of the
anode electrode of the OLED has a voltage level lower than
the voltage of the cathode electrode.

[0011] In an exemplary embodiment, an organic light-
emitting display device includes: a plurality of pixels, where
each of the pixels is connected to a scan line, a data line, a
first power line and a second power line, and each of the
pixels includes a light-emitting diode. In such an embodi-
ment, a voltage applied to an anode of the light-emitting
diode in a first operation period is higher than a voltage
applied to a cathode of the light-emitting diode in the first
operation period, and a voltage applied to the anode of the
light-emitting diode in a part of a second operation period,
which is different from the first operation period, is lower
than a voltage applied to the cathode of the light-emitting
diode in the part of the second operation period.

[0012] Embodiments of the disclosure, as described
herein, provide an organic light-emitting display device in
which a reverse bias is applied to an OLED therein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other aspects and features of the
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings, in which:

[0014] FIG. 1 is a block diagram of an organic light-
emitting display device according to an exemplary embodi-
ment of the disclosure;

[0015] FIG. 2 is a block diagram showing a structure of a
power supplier of FIG. 1 in detail;

[0016] FIG. 3 is a circuit diagram of an exemplary
embodiment of a pixel of the organic light-emitting display
device of FIG. 1;

[0017] FIG. 4 is a signal timing diagram of an exemplary
embodiment of signals supplied to a first power line and a
second power line;

[0018] FIG. 5 is a graph showing a difference in current
before and after degradation of a display part;

[0019] FIG. 6 is a block diagram of an organic light-
emitting display device according to an alternative exem-
plary embodiment of the disclosure;
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[0020] FIG. 7 is a circuit diagram of an example of a pixel
of the organic light-emitting display device of FIG. 6;
[0021] FIG. 8 is a circuit diagram illustrating a structure in
which a reverse bias voltage is applied to an organic
light-emitting diode (“OLED”) of the pixel shown in FIG. 7,
[0022] FIG. 9 is a signal timing diagram of an exemplary
embodiment of signals supplied to each pixel included in the
display part of the embodiment shown in FIG. 6;

[0023] FIG. 10 is a signal timing diagram of another
exemplary embodiment of signals supplied to each pixel
included in the display part of the embodiment shown in
FIG. 6;

[0024] FIG. 11 is a block diagram of an organic light-
emitting display device according to another alternative
exemplary embodiment of the disclosure;

[0025] FIG. 12 is a circuit diagram of an exemplary
embodiment of a pixel of the organic light-emitting display
device of FIG. 11; and

[0026] FIG. 13 is a circuit diagram illustrating a structure
in which an initialization supply voltage is applied to the
OLED of one pixel shown in FIG. 12.

DETAILED DESCRIPTION

[0027] The invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will filly convey the scope of the invention to those
skilled in the art. The same reference numbers indicate the
same components throughout the specification. In the
attached figures, the thickness of layers and regions is
exaggerated for clarity.

[0028] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another element. Thus, a first element discussed below
could be termed a second element without departing from
the teachings of the invention.

[0029] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

[0030] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
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the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly.
[0031] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system).

[0032] In the invention, an electronic apparatus may be
any apparatus provided with a display device. Examples of
the electronic apparatus may include smart phones, mobile
phones, navigators, game machines, TVs, car head units,
notebook computers, laptop computers, tablet computers,
personal media players (“PMP”’s), and personal digital assis-
tants (“PDA”s). The electronic apparatus may be embodied
as a pocket-sized portable communication terminal having a
wireless communication function. Further, the display
device may be a flexible display device capable of changing
its shape.

[0033] Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings.
[0034] FIG. 1 is a block diagram of an organic light-
emitting display device according to an exemplary embodi-
ment of the disclosure.

[0035] Referring to FIG. 1, an exemplary embodiment of
the organic light-emitting display device includes a display
panel 100, a scan driver 200, a data driver 300, a power
supplier 400, and a controller 500.

[0036] The display panel 100 includes a plurality of scan
lines SL (shown in FIG. 3), a plurality of data lines DL
(shown in FIG. 3) intersecting the scan lines SL, and a
plurality of pixels PX. The scan lines SL may be electrically
connected to the scan driver 200. The data lines DL may be
electrically connected to the data driver 300. The display
panel 100 may include mxn pixels PX, each located at an
intersection of a corresponding scan line SL and a corre-
sponding data line DL. However, the arrangement of the
pixels PX is not limited to the mxn matrix form. In alter-
native exemplary embodiments, the pixels PX may be
arranged in various other shapes such as a circular shape.
[0037] The scan driver 200 receives a scan driving control
signal CTL1 from the controller 500 to generate scan signals
S1 to Sn, and sequentially applies the scan signals S1 to Sn
to the plurality of scan lines SL connected to the pixels PX.
[0038] The data driver 300 receives a data driving control
signal CTL2 from the controller 500 to generate data signals
D1 to Dm, and supplies the data signals D1 to Dm to the
plurality of data lines DL connected to the pixels PX.
[0039] The power supplier 400 receives a power supply
control signal CTL3 from the controller 500 and generates
a first supply voltage ELVDD, a second supply voltage
ELVSS and a third supply voltage ELVSS_rv. The first
supply voltage ELVDD may be applied to the pixels PX via
a first power line PL1 (shown in FIG. 3). The second supply
voltage ELVSS and the third supply voltage ELVSS_rv may
be applied to the pixels PX via a second power line P12
(shown in FIG. 3).
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[0040] In an exemplary embodiment, the second supply
voltage ELVSS may have a voltage level lower than that of
the first supply voltage ELVDD. In such an embodiment, the
third supply voltage ELVSS_rv may have a voltage level
higher than that of the first supply voltage ELVDD. Accord-
ingly, when the first supply voltage ELVDD is applied to the
pixels PX via the first power supply line PL1 of FIG. 3 and
the third supply voltage ELVSS_rv is applied to the pixels
PX via the second power line PL2 of FIG. 3, a reverse bias
may be applied to the OLED, and the display quality of the
organic light-emitting display device may be improved.
Such features thereof will be described later in greater detail.
[0041] The controller 500 converts image signals trans-
mitted from an outside (e.g., an external system) into image
data signals DAT and provides the image data signals DAT
to the data driver 300. The controller 500 receives a vertical
synchronization signal (not shown), a horizontal synchroni-
zation signal (not shown), and a clock signal (not shown) to
generate control signals CTL1 to CTL3 for driving the scan
driver 200, the data driver 300 and the power supplier 400
to provide the control signals CTL1 to CTL3 thereto,
respectively. In such an embodiment, the controller 500
generates the scan driving control signal CTL1 for control-
ling the scan driver 200, the data driving control signal
CTL2 for controlling the data driver 300, and the power
supply control signal CTL3 for controlling the power sup-
plier 400, and provides the control signals CTL.1 to CTL3 to
the scan driver 200, the data driver 300 and the power
supplier 400, respectively.

[0042] FIG. 2 is a block diagram showing a structure of
the power supplier of FIG. 1 in detail.

[0043] Referring to FIG. 2, the power supplier 400
includes a second supply voltage supplying unit 410 and a
third supply voltage supplying unit 420, and a power switch-
ing element SW_ELVSS.

[0044] The second supply voltage supplying unit 410 may
generate the second supply voltage ELVSS and may provide
the second supply voltage ELVSS to the second power line
PL2.

[0045] The third supply voltage supplying unit 420 may
generate the third supply voltage ELVSS_rv and may pro-
vide the third supply voltage ELVSS_rv to the second power
line PL2.

[0046] The power switching element SW_ELVSS may
select a voltage to be supplied to the second power line PL2.
The power switching element SW_ELVSS may connect the
second supply voltage supplying unit 410 with the second
power line PL2 or may connect the third supply voltage
supplying unit 420 with the second power line PL2. The
power switching element SW_ELVSS may be in an area (not
shown) other than the area (not shown) where the display
part 100 (see FIG. 1) of the organic light-emitting display
device is disposed. The type and form of the switching
element is not particularly limited.

[0047] Although not shown in the drawings, when the
organic light-emitting display device is turned off; the sec-
ond supply voltage supplying unit 410 may supply a ground
voltage GND (see FIG. 4), and the third supply voltage
supplying unit 420 may supply the third supply voltage
ELVSS_rv or the ground voltage GND (see FIG. 4). In such
an embodiment, when the organic light-emitting display
device is turned off, the power supplier 400 may be main-
tained in one of two different states. In such an embodiment,
when the organic light-emitting display device is turned off,
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the power supplier 400 may be maintained in a first power-
off mode in which the second supply voltage supplying unit
410 supplies the ground voltage GND (see FIG. 4), and the
third supply voltage supplying unit 420 supplies the third
supply voltage ELVSS_rv. In such an embodiment, when the
organic light-emitting display device is turned off, the power
supplier 400 may also be maintained in a second power-off
mode in which the second supply voltage supplying unit 410
supplies the ground voltage GND (see FIG. 4), and the third
supply voltage supplying unit 420 also supplies the ground
voltage GND (see FIG. 4).

[0048] In an embodiment, when the organic light-emitting
display device is maintained in the first power-off mode, the
ground voltage GND (see FIG. 4) is supplied to the second
power line P12, such that the organic light-emitting display
device may not substantially consume power.

[0049] In an embodiment, when the organic light-emitting
display device is maintained in the second power-off mode,
the organic light-emitting display device may substantially
consume power, and the third supply voltage ELVSS_rv
may be supplied to the second power line PL.2. Accordingly,
the display quality of the organic light-emitting display
device may be improved.

[0050] When the organic light-emitting display device is
turned off; the organic light-emitting display device remains
mostly in the second power-off mode, and the organic
light-emitting display device in the first power-off mode for
a relatively short period of time. A description thereof will
be given below with reference to FIG. 4.

[0051] Although the second supply voltage supplying unit
410 and the third supply voltage supplying unit 420 may be
separate modules in an exemplary embodiment, but not
being limited thereto. In an alternative exemplary embodi-
ment, the power supplier 400 included in the organic light-
emitting display device may selectively apply the second
supply voltage ELVSS and the third supply voltage ELVSS_
rv by using a single module. In such an embodiment, the
power supplier 400 may not include any additional switch,
other than the module capable of selectively applying the
second supply voltage ELVSS or the third supply voltage
ELVSS_rv.

[0052] FIG. 3 is a circuit diagram of an exemplary
embodiment of a pixel of the organic light-emitting display
device of FIG. 1.

[0053] Referring to FIG. 3, an exemplary embodiment of
a pixel PXij of the organic light-emitting display device
includes an organic light-emitting diode (“OLED”), a first
transistor TR1, a second transistor TR2, and a storage
capacitor CST.

[0054] The OLED may emit light based on a driving
current Id. The OLED includes a first terminal and a second
terminal. The first terminal of the OLED may receive the
first supply voltage ELVDD, and the second terminal of the
OLED may receive the second supply voltage ELVSS or the
third supply voltage ELVSS_rv. The first terminal of the
OLED may be an anode and the second terminal of the
OLED may be a cathode.

[0055] The first transistor TR1 includes a control terminal,
a first terminal, and a second terminal. In an exemplary
embodiment, the first transistor TR1 may operate in the
saturation region. In such an embodiment, the first transistor
TR1 may generate the driving current Id based on the
voltage difference between the control terminal and the first
terminal of the first transistor TR1. In such an embodiment,
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a grayscale may be represented based on the magnitude of
the driving current Id supplied to the OLED. However, this
is merely exemplary. In an alternative exemplary embodi-
ment, the first transistor TR1 may operate in a linear region.
In such an embodiment, the grayscale may be represented
based on the sum of the times for which the driving current
1d is supplied to the OLED within one frame.

[0056] The second transistor TR2 includes a control ter-
minal, a first terminal, and a second terminal. The control
terminal of the second transistor TR2 may be electrically
connected to a scan line SL to receive a scan signal Sj. The
first terminal of the second transistor TR2 may be electri-
cally connected to a data line DL to receive a data signal Di.
The second terminal of the second transistor TR2 may be
electrically connected to the first terminal of the first tran-
sistor TR1. In an exemplary embodiment, the first terminal
of the second transistor TR2 may be a source terminal and
the second terminal of the second transistor TR2 may be a
drain terminal. However, this is merely exemplary. In an
alternative exemplary embodiment, the first terminal of the
second transistor TR2 may be a drain terminal and the
second terminal of the second transistor TR2 may be a
source terminal.

[0057] The second transistor TR2 may provide the data
signal Di to the control terminal of the first transistor TR1
during an activation period of the scan signal Sj. Herein, the
activation period of the scan signal Sj refers to a period in
which the scan signal Sj has a voltage level that turns on the
second transistor TR2.

[0058] The storage capacitor CST is electrically connected
between the first power line PL1 and the control terminal of
the first transistor TR1. The storage capacitor CST may hold
the voltage level of the control terminal of the first transistor
TR1 during a deactivation period of the scan signal Sj.
Herein, the deactivation period of the scan signal Sj refers to
a period in which the scan signal Sj has a voltage level that
turns off the second transistor TR2. The driving current Id
generated by the first transistor TR1 may be supplied to the
OLED during the deactivation period of the scan signal Sj.
Therefore, even when the second transistor TR2 is turned
off, the driving current generated by the first transistor TR1
may be supplied to the OLED based on the voltage level
held by the storage capacitor CST.

[0059] However, the elements of the pixel PX are not
limited to the above-described elements. In an alternative
exemplary embodiment, the pixel PX may further include
other types of transistors and electronic elements. In one
exemplary embodiment, for example, each pixel PX may
include more transistors to compensate the deterioration of
the organic light-emitting display device.

[0060] FIG. 4 is a signal timing diagram of an exemplary
embodiment of signals provided to the first power line and
the second power line.

[0061] In the graph shown in FIG. 4, the x-axis represents
the elapsed time, and the y-axis represents the voltage level.
More particularly, the x-axis may represent time in second,
and the y-axis may represent voltage in volt (V). In FIG. 4,
a first line L1 represents the voltage level of the signal
supplied to the first power line PL1, and a second line [.2
represents the voltage level of the signal supplied to the
second power line PL2.

[0062] Referring to FIG. 4, in an exemplary embodiment
of the organic light-emitting display device, the signal
supplied to the first power line PL1 and the signal supplied
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to the second power line PL2 in the first power-off period
toff1, in which the organic light-emitting display device is in
the first power-off mode, both of the signal supplied to the
first power line PL1 and the signal supplied to the second
power line PL.2 may have a voltage level of the ground
voltage GND. In the first power-off period toffl, in each
pixel PX, the voltage at the first terminal of the OLED may
be substantially equal to the voltage at the second terminal
of the OLED, and the organic light-emitting display device
may not substantially consume power. The ground voltage
GND may have a voltage level in a range from about -2 V
to about zero (0) V. However, this is merely exemplary. The
ground voltage may have different voltage levels depending
on the initial setting value.

[0063] Then, during the power-on period ton in which the
organic light-emitting display device is turned on, the first
power line PL1 is supplied with the first supply voltage
ELVDD, and the second power line PL2 is supplied with the
second supply voltage ELVDD.

[0064] The first supply voltage ELVDD may have a higher
value than the second supply voltage ELVSS. In one exem-
plary embodiment, for example, the first supply voltage
ELVDD may have a voltage level in a range of about 4 V to
about 6 V, and the second supply voltage ELVSS may have
a voltage level in a range of about —4 V to about zero (0) V.
[0065] The first supply voltage ELVDD may be supplied
to the first terminal of the OLED in each pixel PX. The
second supply voltage ELVSS may be supplied to the second
terminal of the OLED in each pixel PX. Accordingly, the
voltage supplied to the first terminal of the OLED may have
a higher value than the voltage supplied to the second
terminal of the OLED. Accordingly, a forward bias is
applied to the OLED so that the driving current I1d may flow
through the OLED to allow the OLED to emit light.
[0066] Insuch an embodiment, the voltage supplied to the
first terminal of the OLED in each pixel PX has a value
obtained by subtracting the threshold voltage of the first
transistor TR1 from the voltage level of the first supply
voltage ELVDD. However, the threshold voltage of the first
transistor TR1 is smaller than the difference in voltage level
between the first supply voltage ELVDD and the second
supply voltage ELVSS, and thus the forward bias may still
be provided to the OLED. Therefore, such error is not shown
in the drawings for convenience of illustration.

[0067] Then, in the second power-off period toff2 in which
the organic light-emitting display device is in the second
power-off mode, the first power line PL1 may be supplied
with the ground voltage GND, and the second power line
PL2 may be supplied with the third supply voltage ELVSS_
.

[0068] The ground voltage GND may have a lower value
than the third supply voltage ELVSS_rv. In one exemplary
embodiment, for example, the ground voltage GND may
have a voltage level in a range of about -2 V to about zero
(0) V as described above, and the third supply voltage
ELVSS_rv may have a voltage level in a range of about 5V
to about 7 V.

[0069] In the second power-off period toff2, in each pixel
PX, the ground voltage GND may be supplied to the first
terminal of the OLED, and the third supply voltage ELVSS_
rv may be supplied to the second terminal of the OLED.
Accordingly, the voltage supplied to the first terminal of the
OLED may have a lower value than the voltage supplied to
the second terminal of the OLED. Accordingly, a reverse
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bias is applied to the OLED so that no current flows through
the OLED to prevent the OLED from emitting light. In the
second power-off period toff2, since the reverse bias is
applied to the OLED, the efficiency of the OLED is effec-
tively prevented from being lowered, and the characteristics
of the device may be recovered at the interface inside the
OLED having a stack structure, or traps and the like in the
OLED may be removed. Accordingly, the lifetime of the
OLED may be increased, and the display quality of the
organic light-emitting display device is thereby improved.

[0070] Subsequently, the organic light-emitting display
device may be operated in the first power-off period toffl
that is the first power-off mode. The operation of such first
power-off period toff1 may be the same as the operation of
the first power-off period toff1 described above, and thus the
organic light-emitting display device may not substantially
consume power and may not display an image in the first
power-off period toff1.

[0071] In such an embodiment, the power-on period ton
may have various time ranges without being limited to the
specific time since the power-on period depends on the time
for which a user uses the organic light-emitting display
device.

[0072] In an exemplary embodiment, the second power-
off period toff2 may be set to be maintained for a predeter-
mined period of time immediately after the power-on period
ton ends. In such an embodiment, the second power-off
period toff2 is maintained for a predetermined period of time
immediately after the user powers off the organic light-
emitting display device, thereby allowing a reverse bias to
flow through the OLED. By allowing a reverse bias to flow
through the OLED, the display quality of the organic light-
emitting display device may be improved and the lifespan
thereof may be elongated.

[0073] The duration of the second power off period toff2
may have various values depending on a setting value. In an
exemplary embodiment, the second power off period toff2
may be maintained for a few hundreds of milliseconds to a
few seconds at least, or for a few minutes or even for a few
tens of minutes at most. The display quality of the organic
light-emitting display device is further improved and the
lifetime is further elongated in proportion to the duration of
the second power-off period toff2. However, a small amount
of power is consumed even after the user turns off the power
supply. Accordingly, the duration of the second power-off
period toff2 may be adjusted in consideration of the
increased power consumption.

[0074] In an exemplary embodiment, as shown in FIG. 4,
the second power-off period toff2 follows immediately after
the power-on period ton has been terminated, but not being
limited thereto. In an alternative exemplary embodiment, the
second power-off period toff2 may be maintained for a
certain period of time before entering the power-on period
ton, or may be set to maintained for a certain period of time
even during the power-on period ton depending on the user’s
setting. In an exemplary embodiment, the second power-off
period toff2 may be maintained for a certain period of time
even while the first power-off period toff1 is maintained. In
such an embodiment, the power-on period ton, the first
power-off period toff1, and the second power-off period toff2
may be maintained according to the user’s setting without
being limited to a particular order.
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[0075] Hereinafter, the effect of applying the reverse bias
to the OLED in each pixel PX will be described with
reference to FIG. 5.

[0076] FIG. 5 is a graph showing difference in current
before and after degradation of the display part.

[0077] In FIG. 5, the x-axis represents pixels PX in the
display part 100 (see FIG. 1) arranged in the horizontal
direction. More particularly, the graph shows measurements
of fifty pixels PX of FIG. 1. Accordingly, the value 1 in the
x-axis represent the first pixel of the fifty pixels PX, and the
value 50 in the x-axis represent the 50” pixel of the fifty
pixels PX.

[0078] In FIG. 5, the y-axis represents a ratio of currents
flowing in the OLED (see FIG. 3) measured before and after
the degradation in each of the pixels PX of FIG. 1. In
addition, a first measurement MS1 was obtained from a
comparative embodiment in which no reverse bias is applied
to the OLED (see FIG. 3) in each pixel PX of FIG. 1. A
second measurement MS2 was obtained from an exemplary
embodiment of the disclosure after a reverse bias had been
applied to the OLED (see FIG. 3) in each pixel PX of FIG.
1.

[0079] It is assumed that the difference in current of the
first pixel PX (see FIG. 3) before and after the degradation
in the comparative embodiment where no reverse bias is
applied is 100%.

[0080] The first pixel PX is the pixel emitted light at the
highest luminance and was degraded maximally. The 50”
pixel PX is the pixel emitted light at the lowest luminance
and was degraded minimally. That s, the closer a pixel is to
the first pixel PX (see FIG. 1), the more the pixel has been
degraded. The closer a pixel is to the 50” pixel PX (see FIG.
1), the less the pixel has been degraded.

[0081] Referring to FIG. 5, in the comparative embodi-
ment, where no reverse bias is applied, in the first pixel PX
(see FIG. 1) which has been degraded most, there is the
difference in current of 100% before deterioration and after
deterioration. In the exemplary embodiment, when a reverse
bias is applied, in the first pixel PX (see FIG. 1), there is the
difference in current of 80% before deterioration and after
deterioration. That is, when the reverse bias is applied, the
difference in current flowing in the OLED (see FIG. 3) in the
pixel PX (see FIG. 1) before and after the degradation is
reduced, and thus it may be shown that the OLED is
recovered.

[0082] In the comparative embodiment, when no reverse
bias is applied, in the 507 pixel PX which is less degraded
than the first pixel PX, there is the difference in current of
15% before deterioration and after the degradation. In the
exemplary embodiment, when a reverse bias is applied, in
the 50” pixel PX, there is the difference in current of 10%
before and after the degradation. That is, it may be shown
that the OLED in the 50” pixel may also be recovered,
although less than the first pixel which was more degraded.
[0083] FIG. 6 is a block diagram of an organic light-
emitting display device according to an alternative exem-
plary embodiment of the disclosure.

[0084] The organic light-emitting display device of FIG. 6
is substantially the same as the organic light-emitting dis-
play device described above with reference to FIG. 1 except
that the organic light-emitting display device further
includes an emission control driver 600. The same or like
elements shown in FIG. 6 have been labeled with the same
or like reference characters as used above to describe the



US 2018/0158414 Al

exemplary embodiments of the organic light-emitting dis-
play device shown in FIG. 1, and any repetitive detailed
description thereof will hereinafter be omitted or simplified.
[0085] Referring to FIG. 6, an exemplary embodiment of
the organic light-emitting display device includes a display
panel 100, a scan driver 200, a data driver 3004, a power
supplier 400, a controller 5004, and an emission control
driver 600a.

[0086] The display panel 100 includes a plurality of scan
lines SL, a plurality of data lines DL intersecting the scan
lines SL, and a plurality of pixels PX. The display panel 100
is substantially the same as the display panel 100 described
above with reference to FIG. 1, and any repetitive detailed
description thereof will be omitted.

[0087] The scan driver 200 receives a scan driving control
signal CTL1 from the controller 500a to generate scan
signals S1 to Sn, and sequentially applies the scan signals S1
to Sn to the plurality of scan lines SL connected to the pixels
PX.

[0088] The data driver 300a receives a data driving control
signal CTL2 from the controller 500a to generate data
signals D1 to Dm, and supplies the data signals D1 to Dm
to the plurality of data lines DL connected to the pixels PX.
In such an embodiment, the data signals generated in the
data driver 300q are different from those generated in the
data driver 300 shown in FIG. 1 in that the data signals may
have a lower voltage level than the second supply voltage
ELVSS. In such an embodiment, the data driver 300q is
substantially the same as the data driver 300 described above
with reference to FIG. 1, and any repetitive detailed descrip-
tion thereof will be omitted.

[0089] The power supplier 400a receives a power supply
control signal CTL3 from the controller 500a and generates
a first supply voltage ELVDD and a second supply voltage
ELVSS. The first supply voltage ELVDD may be applied to
the pixels PX via a first power line PL1, and the second
supply voltage ELVSS may be applied to the pixels PX via
a second power line PL.2.

[0090] In such an embodiment, the power supplier 400a
may not generate the third supply voltage ELVSS_rv shown
in FIG. 1. in such an embodiment, and thus it may not
generate the third supply voltage ELVSS _rv in FIG. 1, and
the organic light-emitting display device uses other compo-
nents than the power supplier 400a to apply a reverse bias
to the OLED in each pixel PX. The first supply voltage
ELVDD and the second supply voltage ELVSS are substan-
tially the same as those described above with reference to
FIG. 1, except for the third supply voltage ELVSS _rv in
FIG. 1. Therefore, any repetitive detailed descriptions
thereof will be omitted.

[0091] The controller 500a converts image signals trans-
mitted from the outside into image data signals DAT and
provides the image data signals DAT to the data driver 300a.
In such an embodiment, the controller 500a generates the
scan driving control signal CTL1 for controlling the scan
driver 200, the data driving control signal CTL2 for con-
trolling the data driver 3004, and the power supply control
signal CTL3 for controlling the power supplier 400¢, and an
emission control signal CLT4a for controlling the emission
control driver 600a, and provides the scan driving control
signal CTL1, the data driving control signal CTL2 and the
power supply control signal CTL3 to the scan driver 200, the
data driver 3004 and the power supplier 400a , respectively.
In such an embodiment, the controller 500a may further
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generate an emission control signal CTL4a for controlling
the emission control driver 600a.

[0092] In an exemplary embodiment, the emission control
driver 600a generates first to n” emission control signals
EM1 to EMn, and supplies the first to the n” emission
control signals EM1 to EMn to the pixels PX of the display
part 110 via first to 0™ emission control lines ECL, respec-
tively (see FIG. 7). In such an embodiment, the emission
control driver 600a generates first to 0 reverse bias control
signals RVC1 to RCVn, and supplies the first to n” reverse
bias control signals to the pixels PX of the display part via
first to n™ reverse bias lines RCL, respectively (see FIG. 7).
[0093] The first to n” emission control signals EM1 to
EMn may control the driving current Id (see FIG. 7) of the
respective pixels PX, thereby controlling emission of the
OLED (see FIG. 7) in each of the pixels PX.

[0094] In such an embodiment, the first to n™ reverse bias
control lines RCL. may control whether to provide the data
signals D1 to Dm provided via the data lines DL to the
OLED (see FIG. 7).

[0095] FIG. 7 is a circuit diagram of an exemplary
embodiment of a pixel of the organic light-emitting display
device of FIG. 6.

[0096] A pixel PXija of the organic light-emitting display
device shown in FIG. 7 is substantially the same as the pixel
PXij of the organic light-emitting display device shown in
FIG. 3 except that the pixel PXija further includes an
emission control transistor TRem and a reverse bias control
transistor TRrv. The same or like elements shown in FIG. 7
have been labeled with the same or like reference characters
as used above to describe the exemplary embodiments of the
pixel shown in FIG. 3, and any repetitive detailed descrip-
tion thereof will hereinafter be omitted or simplified.
[0097] Referring to FIG. 7, in an exemplary embodiment,
a pixel PXij of the organic light-emitting display device
includes an OLED, a first transistor TR1, a second transistor
TR2, a storage capacitor CST, an emission control transistor
TRem, and a reverse bias control transistor TRrv.

[0098] The OLED may emit light based on a driving
current Id. The operation of the OLED shown in FIG. 7 is
substantially the same as that of the OLED shown in FIG. 3,
and any repetitive detailed descriptions thereof will be
omitted

[0099] The first transistor TR1 includes a control terminal,
a first terminal, and a second terminal. The operation of the
first transistor TR1 shown in FIG. 7 is substantially the same
as that of the first transistor TR1 shown in FIG. 3, and any
repetitive detailed description thereof will be omitted.
[0100] The second transistor TR2 includes a control ter-
minal, a first terminal, and a second terminal. The operation
of the second transistor TR2 shown in FIG. 7 is substantially
the same as that of the second transistor TR2 shown in FIG.
3, and any repetitive detailed description thereof will be
omitted.

[0101] The storage capacitor CST is electrically connected
between the first power line PL1 and the control terminal of
the first transistor TR1. The operation of the storage capaci-
tor CST shown in FIG. 7 is substantially the same as that of
the storage capacitor CST shown in FIG. 3, and any repeti-
tive detailed description thereof will be omitted.

[0102] The emission control transistor TRem may include
a control terminal, a first terminal, and a second terminal.
The control terminal of the emission control transistor TRem
may be electrically connected to an emission control line
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ECL to receive an emission control signal EMj. The first
terminal of the emission control transistor TRem may be
electrically connected to the first power line PL1 to receive
the first supply voltage ELVDD. The second terminal of the
emission control transistor TRem may be electrically con-
nected to the first terminal of the first transistor TR1. The
emission control transistor TRem may control the emission
of the OLED. In such an embodiment, the emission control
transistor TRem controls the generation of the driving cur-
rent Id of the first transistor TR1 by controlling the appli-
cation of the first supply voltage ELVDD to the first terminal
of the first transistor TR1. By controlling the generation of
the driving current Id of the first transistor TR1, the emission
of the OLED may be controlled.

[0103] The reverse bias control transistor TRrv may
include a control terminal, a first terminal, and a second
terminal. The control terminal of the reverse bias control
transistor TRrv may be electrically connected to a reverse
bias control line RCL to receive a reverse bias control signal
RVC;j. The first terminal of the reverse bias control transistor
TR2 may be electrically connected to a data line DL to
receive a data signal Di. The second terminal of the reverse
bias control transistor TRry may be connected to a first
electrode of the OLED. The reverse bias control transistor
TRry may control whether to provide the data signal Di to
the first electrode of the OLED. More detailed descriptions
thereof will be given with reference to FIG. 8.

[0104] FIG. 8 is a circuit diagram illustrating a structure in
which a reverse bias voltage is applied to the OLED of the
pixel shown in FIG. 7.

[0105] Referring to FIG. 8, when the reverse bias control
transistor TRry is turned on, the data signal Di supplied via
a data line DL may be provided to the first terminal of the
OLED via the reverse bias control transistor TRrv, as
indicated by the arrow. The data signal Di may have a
voltage level lower than the second supply voltage ELVSS
while the data signal Di is supplied to the first terminal of the
OLED. Accordingly, the voltage supplied to the first termi-
nal of the OLED becomes lower than the voltage supplied to
the second terminal of the OLED, such that the reverse bias
may be applied to the OLED. Accordingly, the display
quality of the organic light-emitting display device may be
improved, that the lifespan may be elongated.

[0106] FIG. 9 is a signal timing diagram of an exemplary
embodiment of signals supplied to each pixel included in the
display part of the embodiment shown in FIG. 6.

[0107] In the graph shown in FIG. 9, the x-axis represents
the elapsed time in second. The y-axis represents levels or
on/off pulse of the horizontal synchronization signal Hsync,
the first to n™ scan signal 81,82, ..., Sj, ..., Sn, first to
n” reverse bias control signals RVC1 to RVCn, and the j*
emission control signal EMj. When a signal has a low value,
the signal is at the on-level; otherwise, the signal is at the
off-level. For the i” data signal Di, the y-axis represents
voltage in volt (V).

[0108] Referring to FIG. 9, the horizontal synchronization
signal Hsync may distinguish one frame tframe from another
frame. The waveforms of the first to n” scan signal S1, S2,
ey Sj, ..., Sn, the first to 0 reverse bias control signals
RVC1 to RVCn and the j* emission control signal EMj may
be repeated frame by frame. Therefore, for convenience of
description, only one frame will be described in detail with
reference to the graph, and any detailed descriptions of other
frames will not omitted.
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[0109] The frame tframe includes a first porch interval
tp_1, a second porch interval tp_2, and first to n™ data write
intervals td_1,td_2, ..., td_j, ..., td_(n-1), td_n.

[0110] In the first porch interval tp_1, the horizontal
synchronization signal Hsync is turned on, such that pixels
PXija of FIG. 7 arranged in parallel in the horizontal
direction are synchronized.

[0111] During the first porch interval tp_1, all of the first
to n” scan signals 81, 82, ..., Sj, .. ., Sn and the first to
n™ reverse bias control signals RVC1 to RVCn are main-
tained at the off-level, while the emission control signal is
maintained at the on-level. However, the levels of these
signals are merely exemplary, and these signals may have
different levels as long as these signals synchronize the
pixels PX arranged in parallel in the horizontal direction.
[0112] In the second porch interval tp_2, a reverse bias is
applied to each of the pixels PX of FIG. 6 arranged in
parallel in the vertical direction in the display part 100 (see
FIG. 6) immediately after the horizontal synchronization
signal Hsync is changed to the off-level. In such an embodi-
ment, since the pixels PX of FIG. 6 arranged in parallel in
the vertical direction in the display part 100 (see FIG. 6)
share a same data line DL (see FIG. 7), the reverse bias may
be applied simultaneously thereto during the second porch
interval tp_2.

[0113] The voltage level of the i data signal Di supplied
to the i? data line DL (see FIG. 7) during the second porch
interval tp_2 may have a reverse bias voltage level Vrv. The
reverse bias voltage level Vrv is lower than the voltage level
of the second supply voltage ELVSS. The reverse bias may
be applied to the OLED (see FIG. 7) in each of the pixels
PXija (see FIG. 7), which is equal to the difference between
the reverse bias voltage level Vrv and the voltage level of the
second supply voltage ELVSS.

[0114] In the first to n” data write intervals td_1,td_2, . .
., td_j, td_(n-1) and td_n, the voltage level of the storage
capacitor CST arranged in each pixel PX is refreshed, and
the degree of emission of the OLED in each pixel PX may
be controlled.

[0115] During such a frame tframe, the reverse bias may
be applied to the OLED (see FIG. 7) in each pixel PXija (see
FIG. 7). In such an embodiment, by using the interval in
which the pixels PX arranged in parallel in the horizontal
direction (see FIG. 6) are synchronized with the horizontal
synchronization signal Hsync, the reverse bias may be
applied to the OLED (see FIG. 7) of each pixel PX disposed
in the display part 100 (see FIG. 6). Accordingly, the display
quality of the organic light-emitting display device may be
improved, and the lifespan may be elongated.

[0116] The waveforms and timings of the signals in one
frame tframe shown in FIG. 9 are merely exemplary and not
limited thereto. Alternatively, an interval for performing
other functions may be added, in addition to the first porch
interval tp_1, the second porch interval tp_2, and the first to

n” data write intervals td_1, td_2, . . ., td_j, td_(n-1), and
td n
[0117] FIG. 10 is a signal timing diagram of another

exemplary embodiment of signals supplied to each pixel
included in the display part of the embodiment shown in
FIG. 6.

[0118] Inthe graph shown in FIG. 10, the x-axis represents
the elapsed time in second. The y-axis represents on/off
pulse or levels of the i” scan signal Sj, the i” reverse bias
control signal RVCj, the i” emission control signal EMj, the
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(G+1)™ scan signal S(j+1), the (j+1)” reverse bias control
signal RVC(j+1), and the (j+1)* emission control signal
EM(j+1). When a signal has a low value, the signal is at the
on-level; otherwise, the signal is at the off-level. For the i#
data signal Di, the y-axis represents voltage in V.

[0119] Referring to FIG. 10, a frame tframe includes first
to n” compensation intervals tc_1, tc_2, . . ., tc_(j-1), tc_j,
tc_(j+1), tc_(n-1), tc_n, and first to n™ data write interval
td_1,td_2, ..., td_(-1), td_j, td_(j+1), td_(n-1), td_n.
[0120] In such an embodiment, a frame tframe includes
the first compensation interval tc_1, the first data write
interval td_1, the second compensation interval tc_2, and the
second data write interval td_2, which are sequentially
arranged therein. In such an embodiment, the first to n”
compensation intervals tc_1, tc_2, . . ., tc_(j-1), tc_j,
tc_(j+1), tc_(n-1), tc_n, and the first to n” data write inter-
valstd_1,td_2,...,td_j-1,td_j, td_(j+1),td_(n-1),td_n are
arranged alternately.

[0121] In an exemplary embodiment, some of the first to
n” compensation intervals tc_1, tc_2, . . ., tc_j-1, tc_j,
tc_(j+1), tc_(n-1), tc_n, and the first to n™ data write inter-
valstd_1,td_2, ..., td_(-1), td_j, td_(j+1), . . ., td_(n-1),
td_n, e.g., the j* compensation interval t_cj, the j” data write
interval tdj, and the (j+1)* compensation interval tc_(j+1),
and the (j+1)” data write interval td_(j+1) will be described.
In such an embodiment, other intervals of the frame tframe
are substantially the same as the i compensation interval
tc_j, the j data write interval td_j, and the (j+1)” compen-
sation interval tc_(j+1), and the (j+1)” data write interval
td_(j+1), and any repetitive detailed descriptions thereof will
be omitted.

[0122] Initially, during the {* compensation interval tc_j,
the i scan signal Sj may be maintained at the off-level, the
™ reverse bias control signal RVCj may be maintained at the
on-level, the j* emission control signal EMj may be main-
tained at off-level, and the i* data signal Di may have a
reverse bias voltage level Vrv. As described above, the
reverse bias voltage level Vrv has a level lower than the level
of the second supply voltage ELVSS. The reverse bias may
be applied to the OLED in each pixel PX, which is equal to
the difference between the reverse bias voltage level Vrv and
the voltage level of the second supply voltage ELVSS.
According to an exemplary embodiment of the disclosure,
the reverse bias may be applied to the OLED of FIG. 7
disposed in the pixel PXija of FIG. 7 arranged in the i row
and the i column.

[0123] Subsequently, during the i* data write interval td_j,
the j* scan signal Sj may be maintained at the on-level, the
™ reverse bias control signal RVCj may be maintained at the
off-level, the i emission control signal EMj may be main-
tained at off-level, and the i data signal Di may have a
voltage level DATA_j corresponding to a grayscale of the
pixel PXija (see FIG. 7) disposed in the i row and the j*
column. In the j” data write interval td_j, the voltage level
of the storage capacitor CST (see FIG. 7) disposed in the
pixel PXij (see FIG. 7) disposed in the i” row and the j”
column is refreshed, and the degree of emission of the
OLED (see FIG. 7) in the pixel PXijs (see FIG. 7) may be
controlled.

[0124] Subsequently, during the (j+1)* compensation
interval tc_(j+1), the (j+1)* scan signal S(j+1) may be
maintained at the off-level, the (j+1)” reverse bias control
signal RVC(j+1) may be maintained at the on-level, the
(j+2)™ emission control signal EM(j+1) may be maintained
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at the off-level, and the i” data signal Di may have a reverse
bias voltage level Vrv. As described above, the reverse bias
voltage level Vrv is lower than the second supplied voltage
ELVSS. The reverse bias may be applied to the OLED (see
FIG. 7) in the pixel PXija (see FIG. 7), which is equal to the
difference between the reverse bias voltage level Vrv and the
voltage level of the second supply voltage ELVSS. Accord-
ing to an exemplary embodiment of the disclosure, the
reverse bias may be applied to the OLED (see FIG. 7)
disposed in the pixel (not shown) disposed in the i”” row and
the i column.

[0125] Subsequently, during the (j+1)” data write interval
td_(j+1), the (j+1)* scan signal S(j+1) may be maintained at
the on-level, the (j+1) reverse bias control signal RVC(j+1)
may be maintained at the off-level, the (j+1)” emission
control signal EM(j+1) may be maintained at off-level, and
the i* data signal Di may have a voltage level DATA_(j+1)
corresponding to a grayscale of the pixel (not shown)
disposed in the i” row and the i” column. In the (j+1)* data
write interval td_(j+1), the voltage level of the storage
capacitor CST (see FIG. 7) disposed in the pixel (not shown)
disposed in the (j+1)” row and the i” column is refreshed,
and the degree of emission of the OLED (see FIG. 7) in the
pixel (not shown) may be controlled.

[0126] By repeating the processes described above, one
frame tframe may include the first to n” compensation
intervals tc_1, tc_2, . . ., tc_(j-1), tc_j, tc_(j+1), tc_(n-1),
tc_n, and the first to n™ data write intervals td_1, td_2, . ..
,td_j-1. td_j, td_(j+1), td_(n-1), td_n. In such an embodi-
ment, by using the previous interval of the data write
intervals td_1, td 2, . . ., td_(j-1), td_j, td_(j+1), . . .,
td_(n-1), td_n of each pixel PX (see FIG. 6) disposed in the
display part 100 (see FIG. 6), the reverse bias may be
applied to the OLED of FIG. 7. Accordingly, the display
quality of the organic light-emitting display device may be
improved, and the lifespan may be elongated.

[0127] In such an embodiment, the waveforms and tim-
ings of the signals in one frame tframe shown in FIG. 10 are
merely exemplary and not limited thereto. In an alternative
exemplary embodiment, an interval for performing other
functions may be added, in addition to the first compensation
interval tc_1, the first data write interval td_1, the second
compensation interval tc_2, and the second data write inter-
val td_2.

[0128] FIG. 11 is a block diagram of an organic light-
emitting display device according to another alternative
exemplary embodiment of the disclosure.

[0129] The organic light-emitting display device shown in
FIG. 11 is substantially the same as the organic light-
emitting display device described above with reference to
FIG. 1 except that the organic light-emitting display further
includes an emission control driver 6005. The same or like
elements shown in FIG. 11 have been labeled with the same
or like reference characters as used above to describe the
exemplary embodiments of the organic light-emitting dis-
play device shown in FIG. 1, and any repetitive detailed
description thereof will hereinafter be omitted or simplified.
[0130] Referring to FIG. 11, an exemplary embodiment of
the organic light-emitting display device includes a display
panel 100, a scan driver 200, a data driver 300, a power
supplier 4005, a controller 5005, and an emission control
driver 6005.

[0131] The display panel 100 includes a plurality of scan
lines SL, a plurality of data lines DL intersecting the scan
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lines SI, and a plurality of pixels PX. In such an embodi-
ment, the display panel 100 is substantially the same as the
display panel 100 shown in FIG. 1, and any repetitive
detailed description thereof will be omitted.

[0132] The scan driver 200 receives a scan driving control
signal CTL1 from the controller 5005 to generate scan
signals S1 to Sn, and sequentially applies the scan signals S1
to Sn to the plurality of scan lines SL connected to the pixels
PX. In such an embodiment, the scan driver 200 is substan-
tially the same as the scan driver 200 shown in FIG. 1, and
any repetitive detailed description thereof will be omitted.
[0133] The data driver 300 receives a data driving control
signal CTL2 from the controller 5005 to generate data
signals D1 to Dm, and supplies the data signals D1 to Dm
to the plurality of data lines DL connected to the pixels PX.
In such an embodiment, the data driver 300 may be sub-
stantially the same as the data driver 300 shown in FIG. 1,
and any repetitive detailed description thereof will be omit-
ted

[0134] In such an embodiment, the power supplier 4005
receives a power supply control signal CTL3% from the
controller 5005 and generates a first supply voltage ELVDD,
a second supply voltage ELVSS and an initialization supply
voltage Vint. The first supply voltage ELVDD may be
applied to the pixels PX via a first power line PL1. The
second supply voltage ELVSS may be applied to the pixels
PX via a second power line PL2. The initialization supply
voltage Vint may be applied to each pixel PX via an
initialization power line VIL of FIG. 12.

[0135] In such an embodiment, the power supplier 4005
may not generate the third supply voltage ELVSS_rv in FIG.
1.

[0136] The controller 5005 converts image signals DAT
transmitted from the outside into data signals D1 to Dm and
provide them to the data driver 300. The controller 5005
generates the scan driving control signal CTL1 for control-
ling the scan driver 200, the data driving control signal
CTL2 for controlling the data driver 300, and the power
supply control signal CTL3b for controlling the power
supplier 4005, and an emission control signal CLT4b for
controlling the emission control driver 6005 and provides
them, respectively. In such an embodiment, the controller
5005 may further generate the emission control signal
CTL4b for controlling the emission control driver 6004.
[0137] The emission control driver 6005 generates first to
n™ emission control signals EM1 to EMn and supplies the
first to the n” emission control signals EM1 to EMn to the
pixels PX of the display part via first to n™ emission control
lines ECL, respectively (see FIG. 12).

[0138] The first to n” emission control signals EM1 to
EMj may control the driving current Id (see FIG. 12) of the
respective pixels PX, thereby controlling emission of the
OLED (see FIG. 12) in each of the pixels PX.

[0139] FIG. 12 is a circuit diagram of an exemplary
embodiment of a pixel of the organic light-emitting display
device of FIG. 11.

[0140] The pixel PXijb of the organic light-emitting dis-
play device shown in FIG. 12 is substantially the same as the
pixel PXij of the organic light-emitting display device
according shown in FIG. 3 except that the pixel PXijb
further includes third to seventh transistors TR3 to TR7. The
same or like elements shown in FIG. 12 have been labeled
with the same or like reference characters as used above to
describe the exemplary embodiments of the pixel shown in
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FIG. 3, and any repetitive detailed description thereof will
hereinafter be omitted or simplified.

[0141] Referring to FIG. 12, an exemplary embodiment of
the pixel PXijb of the organic light-emitting display device
includes an OLED, first to seventh transistors TR1 to TR7,
and a storage capacitor CST.

[0142] The OLED may emit light based on a driving
current Id. In such an embodiment, the OLED is substan-
tially the same as the OLED shown in FIG. 3, and any
repetitive detailed descriptions thereof will be omitted.
[0143] The first transistor TR1 includes a control terminal,
a first terminal, and a second terminal. In such an embodi-
ment, the first transistor TR1 is substantially the same as the
first transistor TR1 according to the exemplary embodiment
shown in FIG. 3, and any repetitive detailed description
thereof will be omitted.

[0144] The second transistor TR2 includes a control ter-
minal, a first terminal, and a second terminal. In such an
embodiment, the second transistor TR2 is substantially the
same as the second transistor TR2 shown in FIG. 3, and any
repetitive detailed description thereof will be omitted.
[0145] The storage capacitor CST is electrically connected
between the first power line PL1 and the control terminal of
the first transistor TR1. In such an embodiment, the storage
capacitor CST is substantially the same as the storage
capacitor CST shown in FIG. 3, and any repetitive detailed
description thereof will be omitted.

[0146] The third transistor TR3 includes a control termi-
nal, a first terminal, and a second terminal. The control
terminal of the third transistor TR3 may be electrically
connected to a scan line SL to receive a scan signal Sj. The
first terminal of the third transistor TR3 may be electrically
connected to the second terminal of the first transistor TR1.
The second terminal of the third transistor TR3 may be
electrically connected to the control terminal of the first
transistor TR1. In an exemplary embodiment, the first ter-
minal of the third transistor TR3 may be a source terminal
and the second terminal of the third transistor TR3 may be
a drain terminal. In an alternative exemplary embodiment,
the first terminal of the third transistor TR3 may be a drain
terminal and the second terminal of the third transistor TR3
may be a source terminal.

[0147] The third transistor TR3 may electrically connect
the control terminal of the first transistor TR1 with the
second terminal of the first transistor TR1 while the scan
signal Sj is maintained at the on-level. When the third
transistor TR3 may electrically connect the control terminal
of the first transistor TR1 with the second terminal of the
first transistor TR1, the third transistor TR3 may operate in
the linear region. Accordingly, the third transistor TR3 may
allow the first transistor TR1 to be in diode-connection while
the scan signal is maintained at the on-level. As the first
transistor TR1 is in the diode-connection, there may be a
voltage difference between the first terminal of the first
transistor TR1 and the control terminal of the first transistor
TR1, which is equal to the threshold voltage of the first
transistor TR1. As a result, while the scan signal Sj is
maintained at the on-level, the voltage level, which is the
voltage level of the data signal Di supplied to the first
terminal of the first transistor TR1 plus the voltage differ-
ence equal to the threshold voltage of the first transistor TR1,
may be applied to the control terminal of the first transistor
TR1. Accordingly, the data signal Di may be compensated
by the threshold voltage of the first transistor TR1, and the
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compensated data signal Di may be supplied to the control
terminal of the first transistor TR1. By performing the
threshold voltage compensation, the non-uniformity issue of
the driving current Id caused by the deviation in the thresh-
old voltage of the first transistor TR1 can be addressed.

[0148] The fourth transistor TR4 may include a control
terminal, a first terminal, and a second terminal. The control
terminal of the fourth transistor TR4 may receive a data
initialization signal GI from the outside. The first terminal of
the fourth transistor TR4 may be electrically connected to
the initialization power line VIL to receive an initialization
supply voltage Vint. The second terminal of the fourth
transistor TR4 may be electrically connected to the control
terminal of the first transistor TR1. In an exemplary embodi-
ment, the first terminal of the fourth transistor TR4 may be
a source terminal, and the second terminal of the fourth
transistor TR4 may be a drain terminal. In an alternative
exemplary embodiment, the first terminal of the fourth
transistor TR4 may be a drain terminal, and the second
terminal of the fourth transistor TR4 may be a source
terminal.

[0149] The fourth transistor TR4 may supply the initial-
ization supply voltage Vint to the control terminal of the first
transistor TR1 during the activation period of the initializa-
tion signal G1. By supplying the initialization supply voltage
Vint to the control terminal of the first transistor TR1, the
fourth transistor TR4 may operate in the linear region. That
is, the fourth transistor TR4 may initialize the control
terminal of the first transistor TR1 with the initialization
supply voltage Vint during the activation period of the
initialization signal GI. In an exemplary embodiment, the
voltage level of the initialization supply voltage Vint may
have a voltage level substantially or effectively lower than
the voltage level of the data signal Di held by the storage
capacitor CST in the previous frame. In such an embodi-
ment, the initialization supply voltage Vint may be supplied
to the control terminal of the first transistor TR1 which is a
p-channel metal oxide semiconductor (“PMOS”) transistor.
In an alternative exemplary embodiment, the voltage level
of the initialization supply voltage Vint may have a voltage
level substantially or effectively higher than the voltage
level of the data signal Di held by the storage capacitor CST
in the previous frame. In such an embodiment, the initial-
ization supply voltage Vint may be supplied to the control
terminal of the first transistor TR1 which is an n-channel
metal oxide semiconductor (“NMOS”) transistor.

[0150] The fifth transistor TRS may supply the first supply
voltage ELVDD to the first terminal of the first transistor
TR1 while the emission control signal EMj is maintained at
the on-level. In such an embodiment, the fifth transistor TRS
may interrupt the supply of the first supply voltage ELVDD
while the emission control signal EMj is maintained at the
off-level. Accordingly, the fifth transistor TRS may operate
in the linear region. The first supply voltage ELVDD may be
supplied to the first terminal of the first transistor TR1 while
the emission control signal EMj is maintained at the on-
level, such that the first transistor TR1 may generate the
driving current id. In such an embodiment, as the fifth
transistor TR5 interrupts the supply of the first supply
voltage ELVDD while the emission control signal EMj is
maintained at the off-level, the data signal Di supplied to the
first terminal of the first transistor TR1 may be supplied to
the control terminal of the first transistor TR1.
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[0151] The sixth transistor TR6 may include a control
terminal, a first terminal, and a second terminal. The control
terminal of the sixth transistor TR6 may receive an emission
control signal EMj. The first terminal of the sixth transistor
TR6 may be electrically connected to the second terminal of
the first transistor TR1. The second terminal of the sixth
transistor TR6 may be connected to the first terminal of the
OLED. In an exemplary embodiment, the first terminal of
the sixth transistor TR6 may be a source terminal, and the
second terminal of the sixth transistor TR6 may be a drain
terminal. In an alternative exemplary embodiment, the first
terminal of the sixth transistor TR6 may be a drain terminal,
and the second terminal of the sixth transistor TR6 may be
a source terminal.

[0152] In such an embodiment, the sixth transistor TR6
may provide the driving current Id generated by the first
transistor TR1 to the OLED while the emission control
signal EMj is maintained at the on-level. Accordingly, the
sixth transistor TR6 may operate in the linear region. In such
an embodiment, as the sixth transistor TR6 provides the
driving current Id generated by the first transistor TR1 to the
OLED while the emission control signal EMj is maintained
at the on-level, the OLED may emit light. In such an
embodiment, as the sixth transistor TR6 electrically isolates
the first transistor TR1 from the OLED while the emission
control signal EMj is maintained in the off-state, the data
signal Di supplied to the second terminal of the first tran-
sistor TR1 (e.g., the data signal with the threshold voltage
compensated) may be supplied to the control terminal of the
first transistor TR1.

[0153] The seventh transistor TR7 includes a control ter-
minal, a first terminal, and a second terminal. The control
terminal of the seventh transistor TR7 may receive a diode
initialization signal GB from the outside. The first terminal
of the seventh transistor TR7 may be electrically connected
to the initialization power line VIL to receive an initializa-
tion supply voltage Vint. The second terminal of the seventh
transistor TR7 may be electrically connected to the first
terminal of the OLED. In an exemplary embodiment, the
first terminal of the seventh transistor TR7 may be a source
terminal and the second terminal of the seventh transistor
TR7 may be a drain terminal. In an alternative exemplary
embodiment, the first terminal of the seventh transistor TR7
may be a drain terminal, and the second terminal of the
seventh transistor TR7 may be a source terminal.

[0154] The seventh transistor TR7 may supply the initial-
ization supply voltage Vint to the first terminal of OLED
while the diode initialization signal GB is maintained at the
on-level. By supplying the initialization supply voltage Vint
to the first terminal of OLED, the seventh transistor TR7
may operate in the linear region. In such an embodiment, the
seventh transistor TR7 may initialize the first terminal of the
OLED with the initialization supply voltage Vint while the
diode initialization signal GB is maintained at the on-level.
[0155] In such an embodiment, a reverse bias may be
applied to the OLED by the initialization supply voltage
Vint. More detailed descriptions thereof will be given with
reference to FIG. 13.

[0156] FIG. 13 is a circuit diagram illustrating a structure
in which an initialization supply voltage is applied to the
OLED of one pixel shown in FIG. 12.

[0157] Referring to FIG. 13, the initialization supply volt-
age Vint provided to the first terminal of the seventh
transistor TR7 via the initialization power line VIL may be
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applied to the first terminal of the OLED via the seventh
transistor TR7. The initialization supply voltage Vint may
have a lower value than the second supply voltage ELVSS.
In such an embodiment, the initialization supply voltage
Vint may have a value lower than the second supply voltage
ELVSS while the seventh transistor TR7 is kept turned on,
that is, while the diode initialization signal GB is maintained
at the on-level. A reverse bias voltage, which is equal to the
difference between the initialization supply voltage Vint and
the second supply voltage ELVSS, may be applied to the
OLED.

[0158] In an exemplary embodiment, the initialization
supply voltage Vint may have two values. In such an
embodiment, the initialization supplied voltage Vint may
have one of a first initializing voltage (not shown) for
removing the charges remaining at the first terminal of the
OLED to initialize the OLED, and a second initializing
voltage (not shown) for applying the reverse bias to the
OLED.

[0159] Both of the first initializing voltage and the second
initializing voltage may have a voltage level lower than that
of the second supply voltage ELVSS. The second initializing
voltage may have a voltage level lower than that of the first
initializing voltage. In such an embodiment, the applied
reverse bias may be greater when the second initializing
voltage is applied to the first terminal of the OLED than
when the first initializing voltage is applied to the first
terminal of the OLED.

[0160] The first to sixth transistors TR1 to TR6 may be
kept in the off-state while the diode initialization signal GB
is maintained at the on-level and the seventh transistor TR7
is maintained in the on-state, but not being limited thereto.
Some of the first to sixth transistors TR1 to TR6 may be
maintained in the on-state unless the voltage levels of the
first terminal and the second terminal of the OLED are
changed, and may perform other functions than the function
of applying a reverse bias to the OLED.

[0161] The effects of the invention are not limited by the
foregoing, and other various effects are anticipated herein.
[0162] Although some embodiments of the invention have
been disclosed for illustrative purposes, those skilled in the
art will appreciate that various modifications, additions and
substitutions are possible, without departing from the scope
and spirit of the invention as disclosed in the accompanying
claims.

What is claimed is:

1. An organic light-emitting display device comprising:

a plurality of pixels, wherein each of the pixels is con-
nected to a scan line, a data line, a first power line and
a second power line, and each of the pixels comprises
a light-emitting diode,

wherein a voltage applied to an anode of the light-
emitting diode in a first operation period is higher than
a voltage applied to a cathode of the light-emitting
diode in the first operation period, and

wherein a voltage applied to the anode of the light-
emitting diode in a part of a second operation period,
which is different from the first operation period, is
lower than a voltage applied to the cathode of the
light-emitting diode in the part of the second operation
period.

2. The organic light-emitting display device according to

claim 1, wherein
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the light-emitting diode emits light in the first operation
period, and
the light-emitting diode is turned off in the part of the
second operation period.
3. The organic light-emitting display device according to
claim 1, wherein
the light-emitting diode is driven with a scan signal
supplied to the scan line, a data signal supplied to the
data line, a first supply voltage supplied to the first
power line, and a second supply voltage supplied to the
second power line, and
each of the pixels further comprises:
a first switching element connected to the first power
line and the light-emitting diode; and
a second switching element connected to the data line
and the scan line, wherein
the first supply voltage is applied to the anode of the
light-emitting diode via the first switching element,
the data signal is supplied to a control terminal of the first
switching element via the second switching element,
and
the scan signal is supplied to a control terminal of the
second switching element.
4. The organic light-emitting display device according to
claim 1, wherein
the first power line is supplied with the first supply voltage
to be applied to the anode of the light-emitting diode,
the second power line is supplied with the second supply
voltage or a third supply voltage to be applied to the
cathode of the light-emitting diode, and
the second supply voltage and the third supply voltage
have different voltage levels from each other.
5. The organic light-emitting display device according to
claim 4, wherein
the second supply voltage is supplied to the second power
line in the first operation period, and
the third supply voltage is supplied to the second power
line in the part of the second operation period.
6. The organic light-emitting display device according to
claim 5, wherein
the second supply voltage has a voltage level lower than
a voltage level of the first supply voltage, and
the third supply voltage has a voltage level higher than the
voltage level of the first supply voltage.
7. The organic light-emitting display device according to
claim 1, wherein
the data signal has a voltage level corresponding to a
grayscale of the light-emitting diode in the first opera-
tion period, and
the data signal has a voltage level lower than a voltage
level of the voltage applied to the cathode of the
light-emitting diode in the part of the second operation
period.
8. The organic light-emitting display device according to
claim 7, wherein
each of the pixels further comprises a third switching
element,
wherein the anode of the light-emitting diode is connected
to the data line via the third switching element.
9. The organic light-emitting display device according to
claim 8, wherein the third switching element is turned on
when the data signal has the voltage level lower than the
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voltage level of the voltage applied to the cathode of the
light-emitting diode in the part of the second operation
period.

10. The organic light-emitting display device according to
claim 1, wherein

the plurality of pixels displays an image at each frame,

each frame comprises a porch interval and first to n™ data

write intervals, wherein n is a natural number,

the first operation period corresponds to the first to n” data

write intervals, and

the second operation period corresponds to the porch

interval.

11. The organic light-emitting display device according to
claim 10, wherein the plurality of pixels is arranged inn
TOWS.

12. The organic light-emitting display device according to
claim 11, wherein the voltage applied to the anode of the
light-emitting diode in each of the pixels in a part of the
pouch interval is lower than the voltage applied to the
cathode of the light-emitting diode in the part of the pouch
interval.

13. The organic light-emitting display device according to
claim 1, wherein

the plurality of pixels displays an image at each frame,

each frame comprises first to n compensation intervals

and first to n” data write intervals, wherein n is a
natural number greater than 1,

the first operation period corresponds to the first to n” data

write intervals, and

the second operation period corresponds to the first to n”

compensation intervals.

14. The organic light-emitting display device according to
claim 13, wherein the first to the n compensation intervals
and the first to the n” data write intervals are alternated
arranged in each frame.

15. The organic light-emitting display device according to
claim 13, wherein the plurality of pixels is arranged inn
rOws.

16. The organic light-emitting display device according to
claim 15, wherein a voltage applied to the anode of the
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light-emitting diode in a pixel disposed at a k-th row is lower
than the voltage applied to the cathode of the light-emitting
diode in the pixel disposed at the k-th row in a part of a k-th
compensation interval, where k is a natural number equal to
or less than n.
17. The organic light-emitting display device according to
claim 1, wherein
the plurality of pixels is connected to an initialization
power line,
the first power line is supplied with a first supply voltage
to be applied to the anode of the light-emitting diode,
the second power line is supplied with a second supply
voltage to be applied to the cathode of the light-
emitting diode, and
the initialization power line is supplied with an initializa-
tion supply voltage to be applied to the anode of the
light-emitting diode.
18. The organic light-emitting display device according to
claim 17, wherein
the first supply voltage has a voltage level higher than a
voltage level of the second supply voltage, and
the initialization supply voltage has a voltage level lower
than a voltage level of the second supply voltage.
19. The organic light-emitting display device according to
claim 18, wherein
the first supply voltage is applied the anode of the
light-emitting diode in the first operation period, and
the initialization supply voltage is applied the anode of the
light-emitting diode in the part of the second operation
period.
20. The organic light-emitting display device according to
claim 17, wherein
each of the pixels further comprises an initialization
switching element,
wherein the initialization power line is connected to the
anode of the light-emitting diode via the initialization
switching element.
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