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(54) Organic Light Emitting Display

(57) An organic light emitting display includes a dis-
play panel (10) including data lines (14), gate lines (15)
crossing the data lines (14), and pixels (P) and a panel
driving circuit which supplies a data voltage to the pixels
of the display panel (10) during a power-on period and
then is additionally driven for a predetermined power-on
delay duration time delayed from a power-off start time

of a power input signal. The panel driving circuit supplies
a reverse polarity recovery voltage having a polarity op-
posite the data voltage to the pixels (P) or supplies a
recovery voltage, which is different from a gate voltage
of a driving element of each of the pixels (P), to a source
terminal of the driving element of each pixel (P) for the
predetermined power-on delay duration time.
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Description

[0001] This application claims priority to Korean Patent
Application No. 10-2012-0145352, filed on December 13,
2012 and Korean Patent Application 10-2013-0060547
filed on May 28, 2013, the entirety of which is hereby
incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Embodiments of the invention relate to an or-
ganic light emitting display supplying a reverse polarity
voltage for recovering reliability of pixels to the pixels
after power of the organic light emitting display is turned
off.

Discussion of the Related Art

[0003] Each pixel of an organic light emitting display
includes an organic light emitting diode (OLED) having
a self-emitting structure. The OLED is configured through
the stack of organic compound layers including a hole
injection layer, a hole transport layer, an emission layer,
an electron transport layer, an electron injection layer,
etc. The OLED emits light when electrons and holes are
combined in an organic layer through a current flowing
in a fluorescence or phosphorescence organic thin film.
[0004] Each of pixels of an active matrix organic light
emitting display includes a driving element and a switch-
ing element. The driving element and the switching ele-
ment are thin film transistors (TFTs) having a metal oxide
semiconductor field effect transistor (MOSFET) structure
and are formed on a substrate of a display panel. When
a reverse bias is applied to the OLED, the OLED does
not emit light because the OLED has a polarity. The driv-
ing element controls a current flowing in the OLED based
on data of an input image. A data voltage of the same
polarity is repeatedly supplied to a gate of the driving
element in a normal drive mode. However, when the data
voltage of the same polarity is repeatedly supplied to the
gate of the driving element, a threshold voltage of the
driving element is shifted because of a gate bias stress
of the driving element resulting from characteristics of
the MOSFET structure. Also, the driving element is de-
graded, and thus reliability of the pixels is reduced. The
gate bias stress degrades the driving element and thus
reduces life span of the organic light emitting display.

SUMMARY OF THE INVENTION

[0005] Embodiments of the invention provide an or-
ganic light emitting display capable of recovering char-
acteristics of a driving element of each pixel.
[0006] In one aspect, there is an organic light emitting
display comprising a display panel including data lines,
gate lines crossing the data lines, and pixels and a panel

driving circuit which supplies a data voltage to the pixels
of the display panel during a power-on period and then
is additionally driven for a predetermined power-on delay
duration delayed time from a power-off start time of a
power input signal.
[0007] The panel driving circuit supplies a reverse po-
larity recovery voltage having a polarity opposite the data
voltage to the pixels or supplies a recovery voltage, which
is different from a gate voltage of a driving element of
each of the pixels, to a source terminal of the driving
element of each pixel for the predetermined power-on
delay duration time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:
[0009] FIG. 1 is a block diagram of an organic light
emitting display according to an example embodiment of
the invention;
[0010] FIG. 2 illustrates an example of a change in
characteristics of a driving element as a use time of the
driving element increases;
[0011] FIG. 3 is a flow chart illustrating a method for
driving an organic light emitting display according to an
example embodiment of the invention;
[0012] FIG. 4 is a waveform diagram showing a delay
time of a logic power voltage in a power-off sequence
process;
[0013] FIGs. 5 and 6 are waveform diagrams showing
a reverse polarity recovery voltage generated for a pow-
er-on delay duration time;
[0014] FIG. 7 illustrates a method for sensing charac-
teristics of a driving element of each pixel; and
[0015] FIGs. 8 and 9 illustrate a change in character-
istics of a driving element in a power-on state and a pow-
er-off state of an organic light emitting display according
to an example embodiment of the invention.
[0016] FIG. 10 illustrates an example of increasing a
recovery voltage as a data voltage increases or an
amount of change in a threshold voltage of a driving el-
ement increases;
[0017] FIG. 11 illustrates an example of increasing a
recovery voltage as a length of a power-on period in-
creases;
[0018] FIGs. 12 and 13 illustrate a method for control-
ling a recovery time;
[0019] FIG. 14 is a graph showing an amount of change
in a threshold voltage of a driving element depending on
a data voltage;
[0020] FIG. 15 is a graph showing an amount of change
in a threshold voltage of a driving element depending on
a power-on period;
[0021] FIG. 16 is a graph showing a proportional con-
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stant depending on a data voltage;
[0022] FIG. 17 is a graph showing a proportional con-
stant depending on a power-on period;
[0023] FIG. 18 is a graph showing a recovery voltage
depending on an amount of change in a threshold voltage
of a driving element; and
[0024] FIG. 19 is a graph showing a proportional con-
stant depending on a power-off period.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] Reference will now be made in detail to embod-
iments of the invention, examples of which are illustrated
in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the
drawings to refer to the same or like parts. It will be paid
attention that detailed description of known arts will be
omitted if it is determined that the arts can mislead the
embodiments of the invention.
[0026] The present invention as described herein may
be embodied in a number of different forms. Not all of
the depicted components may be required, however, and
some implementations may include additional, different,
or fewer components from those expressly described in
this disclosure. Variations in the arrangement and type
of the components may be made without departing from
the spirit or scope of the claims as set forth herein.
[0027] An organic light emitting display according to
an exemplary embodiment of the invention additionally
drives a panel driving circuit for a predetermined power-
on delay duration time after power to the organic light
emitting display is turned off The organic light emitting
display may also supply a reverse polarity recovery volt-
age to pixels, or apply a high voltage to a source terminal
of a driving element of each pixel, during the predeter-
mined power-on delay duration time, thereby improving
reliability of the pixels. The reverse polarity recovery volt-
age may have a polarity opposite a data voltage of an
input image. In this way, the organic light emitting display
of the present invention operates such that a panel driving
circuit is not automatically disabled when power to the
organic light emitting display is turned off. This is in con-
trast to other organic light emitting displays where a panel
driving circuit is disabled so that it stops working when
power to such other light emitting displays is turned off.
[0028] As shown in FIG. 1, the organic light emitting
display according to the present invention may include a
display panel 10, a panel driving circuit for writing data
to the display panel 10, and a power supply unit 20 gen-
erating electric power required to drive the display panel
10 and the panel driving circuit.
[0029] The panel driving circuit may include a sensing
unit 30, a data driving circuit 12, a gate driving circuit 13,
and a timing controller 11. The panel driving circuit further
may further include a reference voltage generator 22, as
illustrated in FIG. 7. The panel driving circuit may sense
a change in a power input signal EL_ON such that the
panel driving circuit is able to determine a time at which

the power to the organic light emitting display is turned off.
[0030] The power input signal EL_ON rises to a high
logic level ’3.3V’ in a power-on state when power to the
organic light emitting display is turned on. The power
input signal EL_ON is held at the high logic level ’3.3V’
until power to the organic light emitting display is turned
off, corresponding to a power-off state. When the power
of the organic light emitting display is turned off, either
by a user or other similar controlling means, the organic
light emitting display is converted to a power-off state. In
the power-off state, driving voltages of the organic light
emitting display may be sequentially turned off based on
a previously determined power-off sequence. The power
input signal EL_ON falls to a low logic level ’0V’ when
the organic light emitting display is converted to the pow-
er-off state. Thus in this way, the power input signal
EL_ON may indicate whether power to the organic light
emitting display is turned on or off.
[0031] The panel driving circuit receives logic power
for a power-on delay duration time and is additionally
driven. The panel driving circuit supplies a reverse po-
larity recovery voltage to a gate of a driving element
formed in each pixel of the organic light emitting display,
or applies a recovery voltage to a source terminal of the
driving element irrespective of an input image, thereby
improving reliability of the pixels. The reverse polarity
recovery voltage has an opposite polarity to a data volt-
age of the input image in a normal drive mode, in which
a power-on state is maintained. For example, when the
driving element DT (shown in FIG. 7) is implemented as
an n-type metal oxide semiconductor field effect transis-
tor (MOSFET), the data voltage of the input image in the
normal drive mode may be a voltage of a positive polarity
(or a voltage of a first polarity), and the reverse polarity
recovery voltage may be a voltage of a negative polarity
(or a voltage of a second polarity).
[0032] The recovery voltage applied to the source ter-
minal of the driving element may be set to be greater
than a gate voltage of the driving element applied during
the power-on period. The reverse polarity recovery volt-
age and the recovery voltage applied to the source ter-
minal of the driving element are generated for the power-
on delay duration time Toff.
[0033] The power-on delay duration time Toff addition-
ally determined in the embodiment of the invention is a
period in which the logic power is continuously held until
power to the panel driving circuit is really turned off after
power to the organic light emitting display is turned off
The power-on delay duration time Toff is previously de-
termined by a duration ranging from a time, at which the
power input signal EL_ON falls to the low logic level, to
a power-off start time, at which the logic power falls to a
ground level.
[0034] As shown in FIG. 4, the logic power used as a
driving power source of the panel driving circuit is held
at about 12V for the power-on delay duration time Toff
after the power-off start time and then is reduced to a
ground level voltage of 0V. When the logic power voltage
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is applied to the panel driving circuit, the panel driving
circuit is normally driven. Therefore, the panel driving cir-
cuit is normally driven during the power-on period and
the power-on delay duration time Toff and then generates
an output. On the other hand, afterward, because the
logic power voltage is not applied to the panel driving
circuit, the panel driving circuit is not driven. Thus, the
panel driving circuit does not generate the output during
the power-off period after the power-on delay duration
time Toff. The panel driving circuit may be temporarily
driven by the logic power input when reaching a dis-
charge time previously determined within the power-off
period and may discharge the pixels.
[0035] The display panel 10 may include a plurality of
data lines 14 and a plurality of gate lines 15 crossing the
data lines 14. Pixels P may be arranged in a matrix form
defined by a crossing structure of the data lines 14 and
the gate lines 15. The gate lines 15 may include scan
lines 15a, emission lines 15b, initialization lines 15c, etc.
As shown in FIG. 7, each of the pixels P may include an
organic light emitting diode (OLED), a driving element
DT, switching elements S1, S2, and S3, a storage ca-
pacitor Cst, etc. Each of the pixels P may further include
an internal compensation circuit. The internal compen-
sation circuit is configured to sense a threshold voltage
Vth of the driving element DT and adds the threshold
voltage Vth to a data voltage Vdata of the input image,
thereby compensating for the threshold voltage Vth of
the driving element DT. The internal compensation circuit
may use any known internal compensation circuit. Ex-
amples of the internal compensation circuit built in each
pixel are disclosed in detail in U.S. Patent Application
No. 12/292,849 (2008. 11. 26), U.S. Patent Application
No. 12/289,190 (2008. 10. 22), U.S. Patent Application
No. 12/953,028 (2010. 11. 23), and U.S. Patent Applica-
tion No. 13/213,794 (2011, 08. 19).
[0036] The sensing unit 30 may sense a change in
characteristics of the driving element DT of each pixel P
and supply the sensed change to the timing controller
11. The characteristics of the driving element DT may,
for example, include a threshold voltage Vth, a mobility,
and a parasitic capacitance Cox of the driving element
DT. A method for sensing the change in the characteris-
tics of the driving element DT may use any known meth-
od. The sensing unit 30 may then convert the change in
the characteristics of the driving element DT of each pixel
into digital data through an analog-to-digital converter
(ADC) and transmit the digital data to the timing controller
11. The timing controller 11 may then control the reverse
polarity recovery voltage to be proportional to the change
in the characteristics of the driving element DT of each
pixel as received from the sensing unit 30 in an external
compensation method to be described later.
[0037] The timing controller 11 may rearrange digital
video data RGB of the input image received from an ex-
ternal host system in conformity with the arrangement of
the pixels of the display panel 10 in the normal drive
mode, in which the power-on state is maintained, and

supply the rearranged digital video data RGB to the data
driving circuit 12. The host system may be implemented
as one of a television system, a set-top box, a navigation
system, a DVD player, a Blu-ray player, a personal com-
puter (PC), a home theater system, and a phone system.
The host system may transmit the digital video data RGB
and timing signals Vsync, Hsync, CLK, and DE to be
synchronized with the digital video data RGB from the
timing controller 11.
[0038] In the normal drive mode, the timing controller
11 may generate a source timing control signal DDC for
controlling operation timing of the data driving circuit 12
and a gate timing control signal GDC for controlling op-
eration timing of the gate driving circuit 13 using the timing
signals such as a vertical sync signal Vsync, a horizontal
sync signal Hsync, a main clock CLK, and a data enable
signal DE received from the host system. The source
timing control signal DDC may include a source start
pulse SSP, a source sampling clock SSC, a source output
enable signal SOE, a polarity control signal POL, and the
like. The source start pulse SSP may control a data sam-
pling start timing of the data driving circuit 12, and the
source sampling clock SSC may control a shift timing of
a built-in shift register of the data driving circuit 12. The
source output enable signal SOE controls an output tim-
ing of the data driving circuit 12. The polarity control signal
POL may control a polarity of the data voltage and a
polarity of the reverse polarity recovery voltage. In the
normal drive mode, the polarity control signal POL may
be held at a first logic level (for example, a high logic
level), so that the polarity of the data voltage is maintained
at the first polarity. Further, the polarity control signal POL
for the power-on delay duration time Toff may be held at
a second logic level (for example, a low logic level), so
that the reverse polarity recovery voltage of the second
polarity is generated for the power-on delay duration time
Toff. Namely, the polarity control signal POL of the sec-
ond logic level is not generated in the normal drive mode.
[0039] The gate timing control signal GDC may include
a gate start pulse GSP defining start timing of gate sig-
nals, a gate shift clock GSC defining shift timing of the
gate signal, a gate output enable signal GOE defining
output timing of the gate signal, and the like.
[0040] In the normal drive mode, in which the power-
on state is maintained, the data driving circuit 12 may
convert the digital video data RGB of the input image
received from the timing controller 11 into a gamma re-
covery voltage of the positive polarity (or the first polarity)
to generate an analog data voltage Vdata (refer to FIG.
2) and supply the analog data voltage Vdata to the data
lines 14. In the normal drive mode, the gate driving circuit
13 may generate the gate signals under the control of
the timing controller 11 and select the pixels P to which
the data voltage Vdata will be charged. Then, the gate
driving circuit 13 may sequentially shift the gate signals
on a per row line of a pixel array basis. As shown in FIG.
5, the gate signals may include a scan signal SCAN, a
sense signal SENSE, etc., but are not limited thereto.

5 6 



EP 2 743 907 A1

5

5

10

15

20

25

30

35

40

45

50

55

The scan signal SCAN and the sense signal SENSE may
be synchronized with the data voltage Vdata of the input
image in the normal drive mode and may be synchronized
with the reverse polarity recovery voltage during the pow-
er-on delay duration time Toff. Each of the scan signal
SCAN and the sense signal SENSE may swing from be-
tween a gate high voltage VGH and a gate low voltage
VGL. The gate high voltage VGH may be set to be equal
to or greater than a threshold voltage of switching TFTs
of the pixels P, and the gate low voltage VGL may be set
to be less than the threshold voltage of the switching
TFTs of the pixels P.
[0041] When the power input signal EL_ON is input at
the voltage of the high logic level, the power supply unit
20 may generate a voltage of about 12V as the logic
power voltage for driving the panel driving circuit. In the
normal drive mode, the power supply unit 20 may hold
the logic power voltage at about 12V. The power supply
unit 20, may, for example, generate the electric power
required to drive the pixels P, provide a high potential
power voltage EVDD, provide a low potential power volt-
age EVSS, and provide a reference voltage Vref, during
the power-on state. When the power input signal EL_ON
is reduced to the voltage of the low logic level, the power
supply unit 20 reduces the high potential power voltage
EVDD back down to the ground level voltage, or 0V. The
power supply unit 20 holds the output of the logic power
voltage at about 12V, so that the panel driving circuit can
normally operate during the power-on delay duration time
Toff, and then reduces the logic power voltage to the
ground level voltage or 0V. When the high potential power
voltage EVDD is reduced to the ground level voltage, the
pixels P cannot emit light because the current does not
flow in the OLEDs of the pixels P.
[0042] The power supply unit 20 holds the logic power
voltage at about 12V for the power-on delay duration time
Toff, which lasts from the power-off start time point, at
which the power input signal EL_ON is turned off, until
the power to the panel driving circuit is turned off. Thus,
the panel driving circuit normally operates for the power-
on delay duration time Toff in a power-off sequence proc-
ess, and then does not generate its output because the
logic power voltage of 12V is not input. The power-on
delay duration time Toff may be set to be equal to or
longer than a length of one frame period and to be equal
to or longer than about 50 msec, but is not limited thereto.
[0043] The timing controller 11 may control the data
driving circuit 12 and the gate driving circuit 13 during
the power-on delay duration time Toff, thereby recovering
the characteristics of the driving element DT of each pixel
P. Hence, the reliability of the pixels is improved. Because
the pixels P do not emit light when, the user cannot per-
ceive (e.g., visually) a characteristic recovery operation
of the driving element DT performed during the power-
on delay duration time Toff.
[0044] As described above, a method for recovering
the characteristics of the driving element DT of each pixel
P during the power-on delay duration time Toff may use

a method for supplying the reverse polarity recovery volt-
age to the pixels P through the data lines 14 or a method
for applying a high voltage to a source terminal of the
driving element DT of each pixel P.
[0045] The method for supplying the reverse polarity
recovery voltage to the pixels P through the data lines
14 may be a method for generating the reverse polarity
recovery voltage using the data driving circuit 12 for the
power-on delay duration time Toff. According to this
method, the data driving circuit 12 may be additionally
driven during the power-on delay duration time Toff, and
converted digital compensation data may be received
from the timing controller 11 into the gamma recovery
voltage of the negative polarity (or the second polarity),
thereby generating the reverse polarity recovery voltage
Vcomp (refer to FIGs. 5 and 6). The data driving circuit
12 may then supply the reverse polarity recovery voltage
Vcomp to the data lines 14. The gate driving circuit 13
may generate the gate signals under the control of the
timing controller 11 for the power-on delay duration time
Toff and select the pixels P to which the reverse polarity
recovery voltage Vcomp will be supplied. The gate driving
circuit 13 may sequentially shift the gate signals on a per
row line of the pixel array basis.
[0046] The method for applying a recovery voltage to
the source terminal of the driving element DT of each
pixel P may also be a method for supplying a voltage
greater than the gate voltage to the source terminal of
the driving element DT during the power-on delay dura-
tion time Toff. The timing controller 11 may adjust the
recovery voltage applied to the source terminal based on
a recovery value. The recovery value may be calculated
by the timing controller as shown in figures 14 to 19.
According to this method, the gate voltage of the driving
element DT may be less than the source voltage of the
driving element DT, and thus the characteristics of the
driving element DT are recovered. The method may be
implemented by a method for increasing the reference
voltage Vref supplied to the source terminal of the driving
element DT through the control of the reference voltage
generator 22 for the power-on delay time Toff In the meth-
od, the data driving circuit 12 does not need to output the
reverse polarity recovery voltage.
[0047] A method for recovering the characteristics of
the driving element DT may be considered in the normal
drive mode, in which the power-on state is maintained.
The compensation method in the normal drive mode may
multiply a frame rate or divide a frame period, so as to
secure a compensation time required to apply a recovery
voltage different from the data voltage to the pixels. How-
ever, because the compensation method in the normal
drive mode relatively reduces a data display period of
the pixels by the compensation time, the display quality
may be reduced. Thus, the sufficiently high recovery volt-
age may be applied to the pixels P, so as to reduce the
compensation time. However, in this instance, power
consumption may increase. On the other hand, this em-
bodiment of the invention supplies the recovery voltage
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to the pixels after the power of the organic light emitting
display is turned off, and thus may not change the normal
driving method, and may also recover the characteristics
of the driving elements DT during a period not affecting
the quality of the input image. Further, the embodiment
of the invention may supply the recovery voltage to the
pixels P for the sufficiently long power-on delay duration
time Toff, and thus may generate the recovery voltage
of the low logic level.
[0048] FIG. 2 illustrates an example of change in char-
acteristics of the driving element as a use time of the
driving element increases.
[0049] As shown in FIG. 2, the power input signal
EL_ON is a signal of the high logic level in the power-on
state and is reduced to a signal of the low logic level in
the power-off state. In the normal drive mode, in which
the power-on state is maintained, the data voltage Vdata
of the input image is supplied to the driving element DT
of each pixel P. The data voltage Vdata may be the volt-
age having any one polarity. For example, when the driv-
ing element DT is implemented as the n-type MOSFET,
the data voltage Vdata may be a positive voltage. If the
data voltage Vdata is a negative voltage when the driving
element DT is implemented as the n-type MOSFET, the
gate voltage of the driving element DT may be less than
the source voltage of the driving element DT. Further,
the driving element DT may be maintained in a turn-off
state, during which the current cannot flow in the OLED.
Thus, the data voltage Vdata of the same polarity may
be repeatedly applied to the gate of the driving element
DT in the normal drive mode. Because of this, the thresh-
old voltage Vth of the driving element DT in the power-
on state may increase due to a positive gate bias stress
as time passed. As a result, a gate-source voltage VGS
of the driving element DT increases.
[0050] Further, the power input signal EL_ON is
grounded to the low logic level in the power-off state. In
general, the characteristics of the driving element DT in
the power-off state remain in a previous state. When the
organic light emitting display is powered on and is nor-
mally driven again in the power-on state, the threshold
voltage Vth and the gate-source voltage VGS of the driv-
ing element DT again increase because the gate bias
stress of the driving element DT is increased by every
power-on state. As described above, when the threshold
voltage Vth and the gate-source voltage VGS of the driv-
ing element DT increase, the current flowing in the OLED
varies even if the same data voltage Vdata is applied to
the driving element DT. Hence, a luminance of the pixel
P at the same gray level varies, and the reliability of the
pixel P is reduced. Further, life span of the organic light
emitting display is reduced because of the degradation
of the driving elements DT.
[0051] The organic light emitting display according to
the present invention continues to provide the recovery
voltage to the pixel P for a set time period to allow recov-
ering of the characteristics of the driving elements DT
during the power-off state, even after turning the power

to the organic light emitting display off, as shown in FIGs.
3 and 4. Therefore, the present invention is able to re-
cover the characteristics of the driving elements DT even
after turning the power to the OLED itself off, as shown
in FIG. 8.
[0052] The organic light emitting display according to
the present invention may generate the recovery voltage
that is set to a higher voltage than the gate voltage of the
driving element, when the driving element suffers from a
positive gate bias stress during the power-on state. In
addition or alternatively, the organic light emitting display
according to present the invention may generate the re-
covery voltage that is set to a lower voltage than the gate
voltage of the driving element, when the driving element
suffers from a negative gate bias stress during the power-
on state.
[0053] FIG. 3 is a flow chart illustrating a method for
driving the organic light emitting display according to the
embodiment of the invention. FIG. 4 is a waveform dia-
gram showing the power-on delay time Toff.
[0054] As shown in FIGs. 3 and 4, the timing controller
11 senses a change in the power input signal EL_ON
and decides power-off start timing when the power input
signal EL_ON is reduced to be equal to or less than a
predetermined reference value, in steps S1 and S2. The
timing controller 11 controls the data driving circuit 12
and the gate driving circuit 13 for the power-on delay time
Toff from the power-off start timing. Hence, the timing
controller 11 supplies the reverse polarity recovery volt-
age Vcomp (refer to FIGs. 5 and 6) to the pixel P through
the data lines 14, or supplies the recovery voltage to the
source terminal of the driving element DT, thereby re-
covering the characteristics of the driving element DT in
step S3. Thus, the organic light emitting display accord-
ing to the embodiment of the invention recovers the char-
acteristics of the driving elements DT of the pixels P dur-
ing the power-off state. The user cannot perceive (e.g.,
visually) the characteristic recovery operation of the driv-
ing elements DT performed in the power-off state be-
cause the pixels P do not emit light during this time. In
other words, a black screen is displayed on the display
panel 10 during the power-off state.
[0055] In the normal drive mode, in which the power-
on state is maintained, the timing controller 11 transmits
the digital video data of the input image to the data driving
circuit 12, controls the data driving circuit 12 and the gate
driving circuit 13 using a normal driving method, and
writes the digital video data of the input image to the
pixels P. Each of the pixels P is updated with the data in
each frame period. In FIG. 4, ’normal frame’ indicates a
frame period in which the data of the input image is written
to the pixels P in the power-on state. In FIG. 4, the normal
frame between the power-on state and the power-off
state is a frame period in which the remaining data is
written to the pixels when the power-on state is converted
into the power-off state in the process of writing the data
to the pixels in the power-on state.
[0056] When the power input signal EL_ON is reduced
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to the low logic level, the timing controller 11 decides the
power-off start timing and normally writes the remaining
data to the pixels for the power-on delay time Toff, in
which the logic power voltage of about 12V is held. The
timing controller 11 then controls the characteristic re-
covery of the driving element. In FIG. 4, ’off-frame’ indi-
cates a frame period in which the characteristics of the
driving element are recovered within the power-on delay
time Toff. One or more off-frames may be assigned to
the power-on delay time Toff.
[0057] FIGs. 5 and 6 are waveform diagrams showing
the reverse polarity recovery voltage generated for the
power-on delay time Toff. FIG. 7 illustrates a method for
sensing the characteristics of the driving elements of the
pixels.
[0058] As shown in FIGs. 5 to 7, each of the pixels P
includes the switching elements S1, S2, and S3, the driv-
ing element DT, the storage capacitor Cst, the OLED,
etc. Each pixel P may include the internal compensation
circuit (not shown). The switching elements S1, S2, and
S3 and the driving element DT may be implemented as
the n-type MOSFET, but are not limited thereto.
[0059] The first switching element S1 supplies the data
voltage Vdata or the reverse polarity recovery voltage
Vcomp from the data line 14 to the gate of the driving
element DT in response to the scan signal SCAN. A gate
terminal of the first switching element S1 is connected to
the scan line 15a, and a drain terminal of the first switch-
ing element S1 is connected to the data line 14. A source
terminal of the first switching element S1 is connected to
a gate terminal of the driving element DT.
[0060] In the normal drive mode, the second switching
element S2 supplies the reference voltage Vref of low
potential to a node between the source terminal of the
driving element DT and an anode of the OLED in re-
sponse to the sense signal SENSE in the power-on state,
thereby initializing the anode of the OLED. Further, in a
sensing mode, the second switching element S2 con-
nects the node between the source terminal of the driving
element DT and the anode of the OLED to the sensing
unit 30. A gate terminal of the second switching element
S2 is connected to the initialization line 15c, and a drain
terminal of the second switching element S2 is connected
to the node between the source terminal of the driving
element DT and the anode of the OLED. A source termi-
nal of the second switching element S2 is connected to
the third switching element S3.
[0061] The sensing mode is activated each time the
driving characteristics of the pixels P need to be sensed
in the power-on state and the power-on delay time Toff.
The third switching element S3 connects the second
switching element S2 to the reference voltage generator
22 in the normal drive mode of the power-on state. On
the other hand, the third switching element S3 connects
the second switching element S2 to the sensing unit 30
in the sensing mode.
[0062] The reference voltage generator 22 generates
the reference voltage Vref of low potential for initializing

the anode of the OLED of the pixel in the normal drive
mode. In the method for applying the recovery voltage
to the source terminal of the driving element DT for the
power-on delay time Toff, the reference voltage genera-
tor 22 increases the reference voltage Vref for the power-
on delay time Toff, and thus the source voltage of the
driving element DT may be greater than the gate voltage
of the driving element DT.
[0063] When the first and second switching elements
S1 and S2 are turned on and the sensing unit 30 is con-
nected to the second switching element S2 through the
third switching element S3, the sensing unit 30 senses
a change in the characteristics of the driving element DT.
The sensing unit 30 senses a change in the voltage or
the current flowing through the node between the source
terminal of the driving element DT and the anode of the
OLED, thereby sensing the change in the characteristics
(for example, the threshold voltage Vth, the mobility, etc.)
of the driving element DT. The sensing unit 30 converts
the received signal into digital data through the ADC and
transmits the digital data to the timing controller 11.
[0064] The timing controller 11 stores data (hereinafter
referred to as "sensing data") from the sensing unit 30 in
a memory (not shown). The timing controller 11 analyzes
the sensing data stored in the memory and calculates a
value of digital compensation data in proportion to a
change amount of the characteristics of the driving ele-
ment DT. The timing controller 11 controls a level of the
reverse polarity recovery voltage in proportion to the
change amount of the characteristics of the driving ele-
ment DT using the digital compensation data. Further,
the timing controller 11 may calculate the digital compen-
sation data in proportion to an average of the data volt-
ages written to the pixels P during the power-on state.
Hence, the timing controller 11 may control the level of
the reverse polarity recovery voltage in proportion to the
average of the data voltages. The timing controller 11
controls the reference voltage generator 22 and thus may
adjust the voltage, which is applied to the source terminal
of the driving element DT for the power-on delay time
Toff, in proportional to the average of the data voltages
written to the pixels P or the change amount of the char-
acteristics of the driving element DT during the power-
on state.
[0065] In the organic light emitting display according
to the embodiment of the invention, the method for re-
covering the characteristics of the driving element DT
performed for the power-on delay time Toff may be di-
vided into an internal compensation method and an ex-
ternal compensation method.
[0066] In the inner compensation method, an internal
compensation circuit is built in each of the pixels.
[0067] The internal compensation circuit may sense
the threshold voltage Vth of the driving element DT of
each pixel, but it is difficult for the internal compensation
circuit to generate the recovery voltage for recovering
the characteristics of the driving element DT. Thus, in
the inner compensation method, the timing controller 11
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generates the digital compensation data and supplies
the digital compensation data to the data driving circuit
12 or the reference voltage generator 22. The data driving
circuit 12 converts the digital compensation data into the
reverse polarity recovery voltage for the power-on delay
time Toff and supplies the reverse polarity recovery volt-
age to the pixels P through the data lines 14. The refer-
ence voltage generator 22 causes the reference voltage
Vref applied to the source terminal of the driving element
DT to be greater than the gate voltage of the driving el-
ement DT in response to the digital compensation data
for the power-on delay time Toff.
[0068] In the inner compensation method, the timing
controller 11 may select a compensation value (or digital
compensation data) as a value proportional to the aver-
age of the data voltages Vdata applied to each pixel P.
As an example of a method for estimating the data volt-
age, the timing controller 11 stores the digital video data
of the input image in the memory on a per pixel basis
during the power-on state and adds them to estimate the
average of the data voltages Vdata. Further, as another
example of the method for estimating the data voltage,
the timing controller 11 samples the digital video data of
the input image every predetermined period of time dur-
ing the power-on state, stores the sampled digital video
data in the memory on a per pixel basis, and adds them,
thereby estimating the average of the data voltages Vda-
ta.
[0069] In the inner compensation method, the timing
controller 11 may calculates an average of the digital
video data to be written to all of the pixels P of the display
panel 10 and may select the compensation value pro-
portional to the average, so as to reduce a capacity of
the memory. The compensation value controls the digital
compensation data, i.e., the reverse polarity recovery
voltage supplied to the pixels P through the data lines 14
or the recovery voltage supplied to the source terminal
of the driving element DT. Further, in the inner compen-
sation method, the timing controller 11 may calculate an
average of each color and may select the compensation
value proportional to the average, so as to reduce the
memory capacity. Each of the pixels P may include four
red (R), green (G), blue (B) and white (W) subpixels. As
an example, the timing controller 11 may calculate an
average of red data, an average of green data, an aver-
age of blue data, and an average of white data and may
select a compensation value of red subdata proportional
to the average of red data, a compensation value of green
subdata proportional to the average of green data, a com-
pensation value of blue subdata proportional to the av-
erage of blue data, and a compensation value of white
subdata proportional to the average of white data. The
average of each color may be calculated by the average
of each color calculated during the power-on state or the
average of each color sampled every predetermined pe-
riod of time in the power-on state.
[0070] The external compensation method may use all
of the methods for selecting the compensation value ap-

plied to the inner compensation method. Because the
external compensation method can accurately sense the
change in the characteristics of the driving element DT
of each pixel P through the sensing unit 30, the external
compensation method may select a compensation value
proportional to a change amount of the characteristics of
each pixel P. The change in the characteristics of the
driving element DT in the external compensation method
may include a change in the threshold voltage Vth and
a change in the mobility of the driving element DT.
[0071] FIGs. 8 and 9 illustrate a change in the charac-
teristics of the driving element in the power-on state and
the power-off state of the organic light emitting display
according to the embodiment of the invention. As shown
in FIG. 8, the organic light emitting display according to
the embodiment of the invention recovers the character-
istics of the driving element DT in each power-off state.
Thus, the organic light emitting display according to the
embodiment of the invention periodically recovers the
shift of the threshold voltage Vth or the gate-source volt-
age VGS of the driving element DT. The timing controller
11 multiplies the average of the data voltages Vdata or
the change amount of the characteristics of the driving
element DT by a proportional constant ’-A’ to select the
compensation value. Hence, the timing controller 11 may
control the reverse polarity recovery voltage proportional
to the average of the data voltages Vdata or the change
amount of the characteristics of the driving element DT.
[0072] If the driving element DT is implemented as a
p-type MOSFET, in the normal drive mode, the data volt-
age of the input image is a voltage of the negative polarity
(or a voltage of the second polarity), and the reverse po-
larity recovery voltage is a voltage of the positive polarity
(or a voltage of the first polarity). In this instance, as
shown in FIG. 8, because the negative data voltage -Vda-
ta is continuously applied to the driving element DT, the
driving element DT suffers from a negative gate bias
stress. Hence, a threshold voltage ΔVth of the driving
element DT is reduced as time passed. As shown in FIG.
9, the panel driving circuit supplies a positive recovery
voltage to the pixels or supplies a voltage less than the
gate voltage to the source terminal of the driving element
DT for the power-on delay duration time Toff, so as to
recover the characteristics of the driving element DT by
compensating for the negative gate bias stress.
[0073] If the driving element DT is implemented as a
p-type MOSFET, the recovery voltage to the source ter-
minal of the driving element DT may be less than the
gate voltage of the driving element DT. The timing con-
troller 11 may adjust the recovery voltage applied to the
source terminal based on a recovery value. The recovery
value may be calculated by the timing controller as shown
in figures 14 to 19.
[0074] In general, because an amount of a leakage
current of the display panel is not much, the panel driving
circuit does not need to continuously apply the recovery
voltage to the pixels during the entire power-off period.
As shown in FIGs. 8 to 13, the organic light emitting dis-
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play according to the embodiment of the invention applies
the recovery voltage to the pixels for the power-on delay
duration time Toff determined immediately before the log-
ic power is turned off. In this way, when the logic power
is turned off after the recovery voltage is applied to the
pixels, the pixels are held at the recovery voltage before
a next power-on period starts.
[0075] The recovery of the driving characteristics of
the pixels is affected by the recovery voltage and a re-
covery time. The recovery time is a time required to hold
the pixel at the recovery voltage within the power-off pe-
riod after the pixel is charged to the recovery voltage.
The recovery voltage and the recovery time have to be
properly determined in consideration of the data voltage,
an amount ΔVth of change in the threshold voltage of the
driving element DT during the power-on period, etc. This
is described in detail below with reference to FIGs. 10 to
19.
[0076] As shown in FIG. 10, as the data voltage Vdata
applied to the pixel during the power-on period increases
or the amount ΔVth of change in the threshold voltage of
the driving element DT increases, the recovery voltage
applied to the pixels for the power-on delay duration time
Toff increases. In the embodiment of the invention, the
data voltage Vdata may be an average of the data volt-
ages supplied during one power-on period. In an example
illustrated in FIG. 10, when a second data voltage Vdata2
(=Va2) applied to the pixel during a second power-on
period ON2 is greater than a first data voltage Vdata1
(=Va1) applied to the pixel during a first power-on period
ON1, a second recovery voltage -Vcomp2 (= -B(Vdata2
or ΔVth) is greater than a first recovery voltage -Vcomp1
(= -A(Vdata1 or ΔVth). The first recovery voltage
-Vcomp1 is a recovery voltage applied to the pixel for a
power-on delay duration time Toff determined at the be-
ginning of a first power-off period OFF1 immediately after
the first power-on period ON1 ends. The second recovery
voltage - Vcomp2 is a recovery voltage applied to the
pixel for a power-on delay duration time Toff determined
at the beginning of a second power-off period OFF2 im-
mediately after the second power-on period ON2 ends.
Thus, the embodiment of the invention sets a second
proportional constant ’B’ to be greater than a first propor-
tional constant ’A’, thereby controlling the first and sec-
ond recovery voltages.
[0077] As shown in FIG. 11, the degradation of the pixel
resulting from the change in the driving characteristics
of the driving element DT is affected by an operation time,
namely, the power-on period as well as the data voltage
Vdata. When the power-on periods ON1 and ON2 length-
en, a duration of a gate bias stress of the driving element
DT increases. Thus, the amount ΔVth of change in the
threshold voltage of the driving element DT increases.
The recovery voltage sets to increase in proportion to the
length of the power-on period in consideration of the op-
eration time. In an example illustrated in FIG. 11, when
a length of a second power-on period ON2 (=T2) is great-
er than a length of a first power-on period ON1 (=T1), a

second recovery voltage -Vcomp2 (= -B(Vdata2 or ΔVth)
is greater than a first recovery voltage -Vcomp1 (=
-A(Vdata1 or ΔVth). Thus, the embodiment of the inven-
tion sets a second proportional constant ’B’ to be greater
than a first proportional constant ’A’, thereby controlling
the first and second recovery voltages.
[0078] As a previous recovery time increases, the deg-
radation of the pixels decreases. Because of this, the
recovery voltage has to be properly calculated in consid-
eration of a previous power-off period. For example, the
recovery voltage may decrease as a previous average
power-off period lengthens. Thus, the proportional con-
stants ’A’ and ’B’ may be properly determined in consid-
eration of power-off periods OFF1 and OFF2 correspond-
ing to the recovery time of the pixel as well as the power-
on periods ON1 and ON2. The power-on periods ON1
and ON2 and the power-off periods OFF1 and OFF2 may
be measured using a timer of the host system. The host
system may calculate an average of previous power-on
periods ON1 and ON2 measured by the timer and esti-
mate a next recovery time based on a result of the aver-
age, thereby determining the proportional constant. The
proportional constant decreases as the average of the
previous power-off periods increases.
[0079] The degradation of the pixels is greatly affected
by the recovery time. The recovery time may be properly
calculated in consideration of the data voltage Vdata, the
power-on period, the power-off period, etc. in the same
manner as the proportional constant. For example, the
recovery time in one power-off period increases as the
data voltage Vdata and the amount ΔVth of change in
the threshold voltage of the driving element DT increase
and also as the power-on period lengthens. Further, the
recovery time may decrease as the average of the pre-
vious power-off periods increases. A recovery time Tr
may be controlled using a method illustrated in FIGs. 12
and 13.
[0080] The host system measures the recovery time
using the timer and supplies the input voltage to the pow-
er supply unit 20 when reaching a previously determined
recovery time Tr. Hence, the panel driving circuit is tem-
porarily driven. As shown in FIG. 13, when the previously
determined recovery time Tr is reached, the panel driving
circuit applies the scan signal to the scan lines and dis-
charges the gate voltage (i.e., the recovery voltage) of
the driving element DT. The gate voltage of the driving
element DT is discharged through the switching element
S1 and the data line 14.
[0081] FIG. 14 is a graph showing the amount ΔVth of
change in the threshold voltage of the driving element
DT depending on the data voltage. As shown in FIG. 14,
the amount ΔVth of change in the threshold voltage of
the driving element DT is proportional to a data voltage
Vdataß applied to the gate of the driving element DT dur-
ing the power-on period, where β is less than 1.
[0082] FIG. 15 is a graph showing the amount ΔVth of
change in the threshold voltage of the driving element
DT depending on the power-on period. As shown in FIG.
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15, the amount ΔVth of change in the threshold voltage
of the driving element DT is proportional to a duration Θ
of the power-on period ’On time’ in which the gate bias
stress of the driving element DT increases, where Θ is
less than 1.
[0083] FIG. 16 is a graph showing the proportional con-
stants ’A’ and ’B’ depending on the data voltage. As
shown in FIG. 16, the proportional constants ’A’ and ’B’
are calculated to a value proportional to the data voltage
Vdata.
[0084] FIG. 17 is a graph showing the proportional con-
stants ’A’ and ’B’ depending on the power-on period ’On
time’. As shown in FIG. 17, the proportional constants ’A’
and ’B’ are calculated to a value proportional to the pow-
er-on period ’On time’.
[0085] FIG. 18 is a graph showing a recovery voltage
Vcomp depending on the amount ΔVth of change in the
threshold voltage of the driving element DT. As shown
in FIG. 18, the recovery voltage Vcomp is calculated to
a value proportional to the amount ΔVth of change in the
threshold voltage of the driving element DT. The graph
shown in FIG. 18 is similar to a graph obtained by ex-
changing an x-axis and a y-axis in the graph shown in
FIG. 14.
[0086] FIG. 19 is a graph showing the proportional con-
stants ’A’ and ’B’ depending on a power-off period ’Off
time’. As shown in FIG. 19, the proportional constants ’A’
and ’B’ are calculated to a value inversely proportional
to the power-off period ’Off time’. For example, the pro-
portional constants ’A’ and ’B’ increase as the power-off
period ’Off time’ corresponding to the recovery period
shortens.
[0087] As described above, the embodiment of the in-
vention supplies the reverse polarity recovery voltage to
the gate of the driving element or supplies the recovery
voltage greater than the gate voltage of the driving ele-
ment to the source terminal of the driving element in the
power-off sequence process, thereby recovering the
characteristics of the driving elements of the pixels. Ac-
cording to some embodiments, the power-on delay du-
ration time during which the recovery voltage is supplied,
may be calculated to be inversely related to an amplitude
of the recovery voltage. For example, a lower amplitude
recovery voltage may be supplied for a longer time in
comparison to a higher amplitude recovery voltage which
may be supplied for a shorter time.
[0088] As a result, because the embodiment of the in-
vention recovers the characteristics of the driving ele-
ments in the power-off sequence process irrespective of
the display quality of the input image, the embodiment
of the invention may recover the characteristics of the
driving elements to the low voltage without changing the
normal driving method of the power-on state.
[0089] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the scope of the prin-

ciples of this disclosure. More particularly, various vari-
ations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the draw-
ings and the appended claims. In addition to variations
and modifications in the component parts and/or arrange-
ments, alternative uses will also be apparent to those
skilled in the art.

Claims

1. An organic light emitting display comprising:

a display panel including data lines, gate lines
crossing the data lines, and pixels; and
a panel driving circuit which supplies a data volt-
age to the pixels of the display panel during a
power-on period and then is additionally driven
for a predetermined power-on delay duration
time delayed from a power-off start time of a
power input signal,
wherein the panel driving circuit supplies a re-
verse polarity recovery voltage having a polarity
opposite the data voltage to the pixels or sup-
plies a recovery voltage, which is different from
a gate voltage of a driving element of each of
the pixels, to a source terminal of the driving
element of each pixel for the predetermined
power-on delay duration time.

2. The organic light emitting display of claim 1, wherein
when the driving element suffers from a positive gate
bias stress during the power-on period, the panel
driving circuit generates the recovery voltage, great-
er than the gate voltage of the driving element, sup-
plied to the source terminal of the driving element,
when the driving element suffers from a negative
gate bias stress during the power-on period, the pan-
el driving circuit generates the recovery voltage, less
than the gate voltage of the driving element, supplied
to the source terminal of the driving element.

3. The organic light emitting display of claim 1, further
comprising a power supply unit configured to gener-
ate a logic power voltage required to drive the panel
driving circuit when the power input signal is gener-
ated at a high logic level, and when the power input
signal is reduced to a low logic level, maintain an
output of the logic power voltage for the power-on
delay duration time to additionally drive the panel
driving circuit for the power-on delay duration time.

4. The organic light emitting display of claim 1, wherein
the panel driving circuit includes:

a data driving circuit configured to convert digital
video data of an input image into the data voltage
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during the power-on period to supply the data
voltage to the data lines and convert a recovery
value into the reverse polarity recovery voltage
for the power-on delay duration time to supply
the reverse polarity recovery voltage to the data
lines;
a gate driving circuit configured to sequentially
supply gate signals to the gate lines during the
power-on period and for the power-on delay du-
ration time; and
a timing controller configured to transmit the dig-
ital video data of the input image to the data driv-
ing circuit during the power-on period, transmit
the recovery value to the data driving circuit for
the power-on delay duration time, and control
operation timing of the data driving circuit and
operation timing of the gate driving circuit.

5. The organic light emitting display of claim 4, wherein
the timing controller generates the recovery value
as a value proportional to an average of the digital
video data during the power-on period.

6. The organic light emitting display of claim 4, wherein
the timing controller generates the recovery value
as a value obtained by multiplying the data voltage
or a change amount of characteristics of the driving
element by a predetermined proportional constant.

7. The organic light emitting display of claim 6, wherein
the predetermined proportional constant is propor-
tional to at least one of the data voltage, the power-
on period, and a threshold voltage of the driving el-
ement.

8. The organic light emitting display of claim 6, wherein
the recovery voltage supplied to the pixels is held
during a power-off period,
wherein the predetermined proportional constant is
inversely proportional to the power-off period.

9. The organic light emitting display of claim 1, wherein
the panel driving circuit includes:

a data driving circuit configured to convert digital
video data of an input image into the data voltage
during the power-on period and supplies the da-
ta voltage to the data lines;
a gate driving circuit configured to sequentially
supply gate signals to the gate lines during the
power-on period and for the power-on delay du-
ration time;
a reference voltage generator configured to sup-
ply a predetermined reference voltage to the
source terminal of the driving element during the
power-on period and cause the reference volt-
age supplied to the source terminal of the driving
element to be greater than the gate voltage of

the driving element for the power-on delay du-
ration time; and
a timing controller configured to transmit the dig-
ital video data of the input image to the data driv-
ing circuit during the power-on period, control
an output voltage of the reference voltage gen-
erator using digital compensation data for the
power-on delay duration time, and control oper-
ation timing of the data driving circuit and oper-
ation timing of the gate driving circuit.

10. The organic light emitting display of claim 9, wherein
the timing controller generates the recovery value
as a value proportional to an average of the digital
video data during the power-on period.

11. The organic light emitting display of claim 9, wherein
the timing controller samples the digital video data
every predetermined period of time during the pow-
er-on period and generates the recovery value as a
value proportional to an average of the sampled dig-
ital video data.

12. The organic light emitting display of claim 9, wherein
the timing controller generates the recovery value
as a value obtained by multiplying an average of the
data voltage supplied to the pixels during the power-
on period by a predetermined proportional constant,
wherein the predetermined proportional constant is
proportional to at least one of the data voltage, the
power-on period, and a threshold voltage of the driv-
ing element.

13. The organic light emitting display of claim 9, wherein
the timing controller generates the recovery value
as a value obtained by multiplying a change amount
of characteristics of the driving element during the
power-on period by a predetermined proportional
constant,
wherein the predetermined proportional constant is
proportional to at least one of the data voltage, the
power-on period, and a threshold voltage of the driv-
ing element.
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