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DISPLAY APPARATUS AND OPERATION
METHOD FOR DISPLAY PANEL THEREOF

BACKGROUND

Field of the Invention

[0001] The invention relates to a display apparatus and
more particularly, to an operating method for a display
panel.

Description of Related Art

[0002] Many display apparatuses are equipped with light
emitting diode (LED) display panels, for example, organic
light emitting diode (OLED) display panels. After the OLED
has been used for a period of time, a phenomenon of decay
may occur, which may result in display abnormality.

SUMMARY

[0003] The invention provides a display apparatus and an
operation method for a display panel thereof to suppress or
improving the phenomenon of decay of an organic light
emitting diode (OLED) of a pixel circuit.

[0004] According to an embodiment of the invention, a
display apparatus is provided. The display apparatus
includes a display panel and a voltage supply circuit. The
display panel includes a pixel circuit and a common voltage
line. The pixel circuit includes an OLED, wherein a cathode
of the OLED is coupled to the common voltage line. The
voltage supply circuit is coupled to the common voltage line
of the display panel. The voltage supply circuit supplies a
common voltage to the common voltage line during a
normal operation period. The voltage supply circuit supplies
areverse bias voltage higher than the common voltage to the
common voltage line during a recovery period to reversely
bias the OLED.

[0005] An embodiment of the invention provides an
operation method for a display panel is provided. The
display panel includes a pixel circuit and a common voltage
line. The pixel circuit includes an OLED, wherein a cathode
of the OLED is coupled to the common voltage line. The
operation method includes: supplying a common voltage to
the common voltage line during a normal operation period;
and supplying a reverse bias voltage higher than the com-
mon voltage to the common voltage line during a recovery
period to reversely bias the OLED.

[0006] To sum up, by the display apparatus and the
operation method for the display panel thereof provided by
the embodiments of the invention, the reverse bias voltage
can be applied to the OLED of the pixel circuit during the
recovery period. After the OLED has been reversely biased
for a period of time, photoelectric characteristics of the
OLED can be considerably recovered. The display apparatus
and the operation method for the display panel thereof can
achieve suppressing or improving the phenomenon of decay
of the OLED of the pixel circuit.

[0007] To make the above features and advantages of the
invention more comprehensible, embodiments accompanied
with drawings are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
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The drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0009] FIG. 1 is a schematic circuit block diagram illus-
trating a display apparatus according to an embodiment of
the invention.

[0010] FIG. 2 is a schematic circuit block diagram illus-
trating a pixel circuit according to an embodiment of the
invention.

[0011] FIG. 3 is a schematic circuit block diagram illus-
trating a pixel circuit according to another embodiment of
the invention.

[0012] FIG. 4 is a schematic timing diagram of a control
signal of the pixel circuit depicted in FIG. 3 during the
normal operation period according to an embodiment of the
invention.

[0013] FIG. 5 is a schematic timing diagram of the control
signal of the pixel circuit depicted in FIG. 3 during a
recovery period according to an embodiment of the inven-
tion.

[0014] FIG. 6 is a schematic timing diagram of the control
signal of the pixel circuit depicted in FIG. 3 during the
recovery period according to another embodiment of the
invention.

[0015] FIG. 7 is a schematic timing diagram of the control
signal of the pixel circuit depicted in FIG. 3 during the
recovery period according to yet another embodiment of the
invention.

[0016] FIG. 8 is a schematic circuit block diagram illus-
trating a pixel circuit according to yet another embodiment
of the invention.

[0017] FIG. 9 is a schematic timing diagram of the control
signal of the pixel circuit depicted in FIG. 8 during the
recovery period according to an embodiment of the inven-
tion.

[0018] FIG. 10 is a schematic timing diagram of the
control signal of the pixel circuit depicted in FIG. 8 during
the recovery period according to another embodiment of the
invention.

[0019] FIG. 11 is a schematic timing diagram of the
control signal of the pixel circuit depicted in FIG. 8 during
the recovery period according to yet another embodiment of
the invention.

[0020] FIG. 12 is a schematic circuit block diagram illus-
trating a pixel circuit according to still another embodiment
of the invention.

[0021] FIG. 13 is a schematic timing diagram of the
control signal of the pixel circuit depicted in FIG. 12 during
the recovery period according to an embodiment of the
invention.

DESCRIPTION OF EMBODIMENTS

[0022] The term “couple (or connect)” herein (including
the claims) are used broadly and encompass direct and
indirect connection or coupling means. For example, if the
disclosure describes a first apparatus being coupled (or
connected) to a second apparatus, then it should be inter-
preted that the first apparatus can be directly connected to
the second apparatus, or the first apparatus can be indirectly
connected to the second apparatus through other devices or
by a certain coupling means. Moreover, elements/compo-
nents/steps with same reference numerals represent same or
similar parts in the drawings and embodiments. Elements/
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components/notations with the same reference numerals in
different embodiments may be referenced to the related
description.

[0023] FIG. 1 is a schematic circuit block diagram illus-
trating a display apparatus 100 according to an embodiment
of the invention. The display apparatus 100 illustrated in
FIG. 1 includes a display panel 110, a voltage supply circuit
120, a gate driving circuit 130 and a source driving circuit
140. The display panel 110 includes a plurality of pixel
circuits (which are not shown in FIG. 1). The gate driving
circuit 130 is connected to a control line (which is not shown
in FIG. 1, for example, a scan line) of the display panel 110,
so as to scan the pixel circuits. The source driving circuit 140
is connected to the control line (which is not shown in FIG.
1) of the display panel 110, so as to input a data voltage into
the pixel circuits. An implementation manner of the pixel
circuits may be determined based on a design requirement.
For example, the pixel circuits of the display panel 110 may
refer to the description related to a pixel circuit 200 illus-
trated in FIG. 2, a pixel circuit 300 illustrated in FIG. 3, a
pixel circuit 800 illustrated in FIG. 8 or a pixel circuit 1200
illustrated in FIG. 12.

[0024] Each of the pixel circuits of the display panel 110
includes an organic light emitting diode (OLED, which is
not shown in FIG. 1). Cathodes of the OLEDs are coupled
to a common electrode (or a common voltage line which is
not shown in FIG. 1) of the display panel 110. The voltage
supply circuit 120 is coupled to the common voltage line of
the display panel 110. The voltage supply circuit 120 sup-
plies a common voltage to the common voltage line of the
display panel 110 during a normal operation period. The
operation details of the display panel 110 during the normal
operation period are not limited in the present embodiment.
For example, the operation of the display panel 110 during
the normal operation period may be a conventional driving
operation or other driving operations.

[0025] The voltage supply circuit 120 supplies a reverse
bias voltage higher than the common voltage to the common
voltage line of the display panel 110 during a recovery
period to reversely bias the OLED. A level of the common
voltage and a level of the reverse bias voltage may be
determined based on design requirement. For example, in
some embodiments, the reverse bias voltage may be a power
supply voltage of the display panel 110, and the common
voltage may be a ground voltage of the display panel 110.
The implementation manner of the voltage supply circuit
120 is not limited in the present embodiment. For example,
in some embodiments, the voltage supply circuit 120 may
include a conventional voltage regulator or any other power
conversion circuit/element. Different voltage regulators may
provide voltages at different levels. By a switching mecha-
nism, the voltage supply circuit 120 may selectively supply
different voltage levels (for example, the common voltage or
the reverse bias voltage) to the common voltage line of the
display panel 110.

[0026] An operation method for the display panel 110
includes the following steps. In a normal driving step, the
voltage supply circuit 120 may supply the common voltage
(i.e,, a low voltage) to the common voltage line of the
display panel 110 during the normal operation period. In
other words, the cathodes of the OLEDs may receive the
common voltage (i.e., the low voltage) through the common
electrode of the display panel 110 during the normal opera-
tion period. In a recovery step, the voltage supply circuit 120
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may supply the reverse bias voltage (i.e., a high voltage) to
the common voltage line of the display panel 110 during the
recovery period. The cathodes of the OLEDs may receive
the reverse bias voltage (i.e., the high voltage) through the
common electrode of the display panel 110 during the
recovery period, thereby reversely biasing the OLEDs.
[0027] Basedon adesign requirement, the recovery period
may be arranged in any time zone during the operational
process of the display apparatus. For example, in some
embodiments, the recovery period may be arranged in a
vertical blanking period between two frames. In some other
embodiments, the recovery period may be arranged in a
power-on initializing period or a power-off processing
period of the display apparatus 100. The display apparatus
100 may apply the reverse bias voltage to the OLEDs of the
pixel circuits during the recovery period. After the OLEDs
have been reversely biased for a period of time, photoelec-
tric characteristics of the OLEDs may be considerably
recovered. Thus, the display apparatus 100 and the operation
method for the display panel thereof may suppress (or
improve) the phenomenon of decay of the OLEDs of the
pixel circuits.

[0028] FIG. 2 is a schematic circuit block diagram illus-
trating a pixel circuit 200 according to an embodiment of the
invention. The pixel circuit 200 illustrated in FIG. 2 includes
a transistor 210, an OLED 220, a storage capacitor 230 and
a switch 240. A first terminal (e.g., a source) of the transistor
210 is coupled to a power supply voltage line ELVDD of the
display panel 110. A second terminal (e.g., a drain) of the
transistor 210 is coupled to an anode of the OLED 220. A
cathode of the OLED 220 is coupled to a common voltage
line ELVSS of the display panel 110. During a normal
operation period, the voltage supply circuit 120 may supply
a power supply voltage of the display panel 110 to the power
supply voltage line ELVDD and supply a common voltage
(e.g., a ground voltage or any other reference voltage) of the
display panel 110 to the common voltage line ELVSS. The
power supply voltage is higher than the common voltage.
The power supply voltage line ELVDD may transmit the
power supply voltage to the pixel circuit 200, and the
common voltage line ELVSS may transmit the common
voltage to the pixel circuit 200.

[0029] A first terminal of the storage capacitor 230 is
coupled to the power supply voltage line ELVDD of the
display panel 110. A second terminal of the storage capacitor
230 is coupled to a control terminal (e.g., a gate) of the
transistor 210. A first terminal of the switch 240 is coupled
to a data line DATA of the display panel 110. A second
terminal of the switch 240 is coupled to a control terminal
of the transistor 210. A control terminal of the switch 240 is
coupled to a scan line SCAN of the display panel 110. The
gate driving circuit 130 may control the switch 240 through
the scan line SCAN. During the normal operation period,
when the switch 240 is turned on, the source driving circuit
140 may store a data voltage in the storage capacitor 230
through the data line DATA. The data voltage may determine
a current flowing through the transistor 210, so as to
determine a luminance of the OLED 220.

[0030] During a recovery period, the voltage supply cir-
cuit 120 supplies a reverse bias voltage (which is higher than
the common voltage) to the common voltage line ELVSS of
the display panel 110 and supplies a low voltage (e.g., a
negative voltage or any other voltage lower than the reverse
bias voltage) to the power supply voltage line ELVDD, so as
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to reversely bias the OLED 220. The gate driving circuit 130
may turn on the switch 240 during the recovery period, and
the source driving circuit 140 may supply the data voltage to
the control terminal of the transistor 210 to turn on the
transistor 210 during the recovery period. When the tran-
sistor 210 is turned on, the OLED 220 may be reversely
biased by the low voltage of the power supply voltage line
ELVDD and the reverse bias voltage (i.e., the high voltage)
of the common voltage line ELVSS. After the OLED 220 has
been reversely biased for a period of time, photoelectric
characteristics of the OLED 220 may be considerably recov-
ered.

[0031] FIG. 3 is a schematic circuit block diagram illus-
trating a pixel circuit 300 according to another embodiment
of the invention. The pixel circuit 300 illustrated in FIG. 3
includes an OLED 310, a transistor 320, a storage capacitor
330, a first switch 341, a second switch 342, a third switch
343, a fourth switch 344, a fifth switch 345 and a sixth
switch 346. A first terminal of the first switch 341 is coupled
to the power supply voltage line ELVDD. A control terminal
of the first switch 341 is coupled to the emission control line
EMIT. A first terminal (e.g., a source) of the transistor 320
is coupled to a second terminal of the first switch 341. A first
terminal of the storage capacitor 330 is coupled to the power
supply voltage line ELVDD. A second terminal of the
storage capacitor 330 is coupled to a control terminal (e.g.,
a gate) of the transistor 320. A first terminal of the second
switch 342 is coupled the data line DATA. A control terminal
of the second switch 342 is coupled to a second scan line S2.
A second terminal of the second switch 342 is coupled to the
first terminal of the transistor 320.

[0032] A first terminal of the third switch 343 is coupled
to the control terminal of the transistor 320. A second
terminal of the third switch 343 is coupled to a second
terminal (e.g., a drain) of the transistor 320. A control
terminal of the third switch 343 is coupled to the second scan
line S2. A first terminal of the fourth switch 344 is coupled
to an initializing voltage line VREF. A second terminal of the
fourth switch 344 is coupled to the control terminal of the
transistor 320. A control terminal of the fourth switch 344 is
coupled to a first scan line S1. A control terminal of the fifth
switch 345 is coupled to the emission control line EMIT. A
first terminal of the fifth switch 345 is coupled to the second
terminal of the transistor 320. A second terminal of the fifth
switch 345 is coupled to an anode of the OLED 310. A
cathode of the OLED 310 is coupled to the common voltage
line ELVSS. A first terminal of the sixth swiich 346 is
coupled to the initializing voltage line VREF. A second
terminal of the sixth switch 346 is coupled to the anode of
the OLED 310. A control terminal of the sixth switch 346 is
coupled to the first scan line S1.

[0033] During a normal operation period, the voltage
supply circuit 120 may supply a power supply voltage of the
display panel 110 to the power supply voltage line ELVDD,
supply an initializing voltage to the initializing voltage line
VREF and supply a common voltage (e.g., a ground voltage
or any other reference voltage) of the display panel 110 to
the common voltage line ELVSS. The power supply voltage
is higher than the common voltage, and the initializing
voltage is also higher than the common voltage. A voltage
difference between the initializing voltage and the common
voltage is less than a threshold voltage of the OLED 310,
and thus, the OLED 310 is not lit when the sixth switch 346
is turned on.
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[0034] FIG. 4 is a schematic timing diagram of a control
signal of the pixel circuit 300 depicted in FIG. 3 during the
normal operation period according to an embodiment of the
invention. During the normal operation period, the driving
operation of the pixel circuit 300 may be divided into an
initial period T1, a compensation period T2 and an emission
period T3. Referring to FIG. 1, FIG. 3 and FIG. 4, the source
driver circuit 140 is coupled to the data line DATA of the
display panel 110. The gate driver circuit 130 is coupled to
the first scan line S1, the second scan line S2 and the
emission control line EMIT of the display panel 110.
[0035] During the initial period T1, a voltage of the first
scan line S1 is at a low level, and voltages of the second scan
line S2 and the emission control line EMIT are at high
levels. Thus, the fourth switch 344 and the sixth switch 346
are turned on, and the first switch 341, the second switch
342, the third switch 343 and the fifth switch 345 are turned
off. In this circumstance, the initializing voltage line VREF
may pre-charge the OLED 310 by the initializing voltage
and reset a voltage of the storage capacitor 330.

[0036] During the compensation period T2, the voltage of
the second scan line S2 is at a low level, and the voltages of
the first scan line S2 and the emission control line EMIT are
at high levels. Thus, the second switch 342 and the third
switch 343 are turned on, and the first switch 341, the fourth
switch 344, the fifth switch 345 and the sixth switch 346 are
turned off. In this circumstance, the data voltage of the data
line DATA may be stored in the storage capacitor 330
through the second switch 342, the transistor 320 and the
third switch 343.

[0037] During the emission period T3, the voltage of the
emission control line EMIT is at a low level, and the
voltages of the first scan line S1 and the second scan line S2
are at high levels. Thus, the first switch 341 and the fifth
switch 345 are turned on, and the second switch 342, the
third switch 343, the fourth switch 344 and the sixth switch
346 are turned off. In this circumstance, the data voltage of
the storage capacitor 330 may determine a current of the
transistor 320, so as to determine a luminance of the OLED
310.

[0038] Referring to FIG. 3, during the recovery period, the
voltage supply circuit 120 supplies a reverse bias voltage
(which is higher than the common voltage) to the common
voltage line ELVSS of the display panel 110 and supplies a
low voltage (e.g., a negative voltage or any other voltage
lower than the reverse bias voltage) to the initializing
voltage line VREF, so as to reversely bias the OLED 310.
The gate driving circuit may turn on the sixth switch 346
during the recovery period. The voltage of the data line
DATA may be in a floating state during the recovery period.
When the sixth switch 346 is turned on, the OLED 310 may
be reversely biased by the low voltage of the initializing
voltage line VREF and the reverse bias voltage (i.e., the high
voltage) of the common voltage line ELVSS. After the
OLED 310 has been reversely biased for a period of time,
photoelectric characteristics of the OLED 310 may be
considerably recovered.

[0039] FIG. 5 is a schematic timing diagram of the control
signal of the pixel circuit 300 depicted in FIG. 3 during a
recovery period RP according to an embodiment of the
invention. Referring to FIG. 3 and FIG. 5, during the
recovery period RP, the voltage of the emission control line
EMIT is maintained at a high level, i.e., the first switch 341
and the fifth switch 345 are kept turned-off. In the example
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illustrated in FIG. 5, a length of the recovery period RP
includes a plurality of frame periods FP. In each of the frame
periods FP illustrated in FIG. 5, the voltage of each of the
first scan line S1 and the second scan line S2 has a negative
pulse. When the voltage of each of the first scan line S1 and
the second scan line S2 is a low voltage, the second switch
342, the third switch 343, the fourth switch 344 and the sixth
switch 346 are turned on. When the sixth switch 346 is
turned on, the OLED 310 may be reversely biased by the low
voltage of the initializing voltage line VREF and the reverse
bias voltage (i.e., the high voltage) of the common voltage
line ELVSS. After the OLED 310 has been reversely biased
for a period of time, the photoelectric characteristics of the
OLED 310 may be considerably recovered.

[0040] FIG. 6 is a schematic timing diagram of the control
signal of the pixel circuit 300 depicted in FIG. 3 during the
recovery period RP according to another embodiment of the
invention. Referring to FIG. 3 and FIG. 6, during the
recovery period RP, the voltage of the emission control line
EMIT is maintained at a high level, i.e., the first switch 341
and the fifth switch 345 are kept turned-off. In the example
illustrated in FIG. 6, a length of the recovery period RP
includes a plurality of frame periods FP. In each of the frame
periods FP illustrated in FIG. 6, the voltage of each of the
first scan line S1 and the second scan line S2 has a negative
pulse. When the voltage of each of the first scan line S1 and
the second scan line S2 is a low voltage, the second switch
342, the third switch 343, the fourth switch 344 and the sixth
switch 346 are turned on. When the sixth switch 346 is
turned on, the OLED 310 may be reversely biased by the low
voltage of the initializing voltage line VREF and the reverse
bias voltage (i.e., the high voltage) of the common voltage
line ELVSS. After the OLED 310 has been reversely biased
for a period of time, the photoelectric characteristics of the
OLED 310 may be considerably recovered.

[0041] FIG. 7 is a schematic timing diagram of the control
signal of the pixel circuit 300 depicted in FIG. 3 during the
recovery period RP according to yet another embodiment of
the invention. Referring to FIG. 3 and FIG. 7, during the
recovery period RP, the voltage of the emission control line
EMIT is maintained at a high level, the voltage of each of the
first scan line S1 and the second scan line S2 is maintained
at a low voltage. Thus, during the recovery period RP, the
first switch 341 and the fifth switch 345 are kept turned-off,
and the second switch 342, the third switch 343, the fourth
switch 344 and the sixth switch 346 are kept turned-on.
When the sixth switch 346 is turned on, the OLED 310 may
be reversely biased by the low voltage of the initializing
voltage line VREF and the reverse bias voltage (i.e., the high
voltage) of the common voltage line ELVSS. After the
OLED 310 has been reversely biased for a period of time,
the photoelectric characteristics of the OLED 310 may be
considerably recovered.

[0042] FIG. 8 is a schematic circuit block diagram illus-
trating a pixel circuit 800 according to yet another embodi-
ment of the invention. The source driver circuit 140 may be
coupled to the data line DATA of the display panel 110. The
gate driver circuit 130 may be coupled to the first scan line
S1, the second scan line S2 and the emission control line
EMIT of the display panel 110. The pixel circuit 800
illustrated in FIG. 8 includes an OLED 810, a transistor 8§20,
a storage capacitor 830, a first switch 841, a second switch
842, a third switch 843, and a holding capacitor 8§50. A first
terminal of the first switch 841 is coupled to the power
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supply voltage line ELVDD. A control terminal of the first
switch 841 is coupled to the emission control line EMIT. A
first terminal (e.g., a drain) of the transistor 820 is coupled
to a second terminal of the first switch 841. A second
terminal (e.g., a source) of the transistor 820 is coupled to an
anode of the OLED 810. A cathode of the OLED 810 is
coupled to the common voltage line ELVSS.

[0043] A second terminal of the storage capacitor 830 is
coupled to a control terminal (e.g., a gate) of the transistor
820. A second terminal of the storage capacitor 830 is
coupled to the second terminal of the transistor 820. A first
terminal of the second switch 842 is coupled the data line
DATA. A control terminal of the second switch 842 is
coupled to a second scan line S2. A second terminal of the
second switch 842 is coupled to the control terminal of the
transistor 820. A first terminal of the third switch 843 is
coupled to the initializing voltage line VREF. A second
terminal of the third switch 843 is coupled to the anode of
the OLED 810. A control terminal of the third switch 843 is
coupled to the first scan line S1. A first terminal of the
holding capacitor 850 is coupled to the power supply voltage
line ELVDD. A second terminal of the holding capacitor 850
is coupled to the second terminal of the third transistor 8§43.
[0044] During a normal operation period, the voltage
supply circuit 120 may supply a power supply voltage of the
display panel 110 to the power supply voltage line ELVDD,
supply an initializing voltage to the initializing voltage line
VREF and supply a common voltage (e.g., a ground voltage
or any other reference voltage) of the display panel 110 to
the common voltage line ELVSS. The power supply voltage
is higher than the common voltage, and the initializing
voltage is also higher than the common voltage. A voltage
difference between the initializing voltage and the common
voltage is less than a threshold voltage of the OLED 810,
and thus, the OLED 810 is not lit when the third switch 843
is turned on. The driving operations of the first scan line S1,
the second scan line S2 and the emission control line EMIT
during the normal operation period may be inferred by
analog with reference to the descriptions related to the first
scan line S1, the second scan line S2 and the emission
control line EMIT illustrated in FIG. 3.

[0045] During a recovery period, the voltage supply cir-
cuit 120 may supply a reverse bias voltage (which is higher
than the common voltage) to the common voltage line
ELVSS of the display panel 110 and supply a low voltage
(e.g., a negative voltage or any other voltage lower than the
reverse bias voltage) to the initializing voltage line VREF, so
as to reversely bias the OLED 810. The gate driving circuit
130 may turn on the third switch 843 during the recovery
period. The voltage of the data line DATA may be main-
tained at any fixed voltage during the recovery period. When
the third switch 843 is turned on, the OLED 810 may be
reversely biased by the low voltage of the initializing
voltage line VREF and the reverse bias voltage (i.e., the high
voltage) of the common voltage line ELVSS. After the
OLED 810 has been reversely biased for a period of time,
photoelectric characteristics of the OLED 810 may be
considerably recovered.

[0046] FIG. 9 is a schematic timing diagram of the control
signal of the pixel circuit 800 depicted in FIG. 8 during the
recovery period RP according to an embodiment of the
invention. Referring to FIG. 8 and FIG. 9, during the
recovery period RP, the voltage of the emission control line
EMIT is maintained at a low level, i.e., the first switch 841
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is kept turned-off. In the example illustrated in FIG. 9, a
length of the recovery period RP includes a plurality of
frame periods FP. In each of the frame periods FP illustrated
in FIG. 9, the voltage of each of the first scan line S1 and the
second scan line S2 has a positive pulse. When the voltage
of each of the first scan line S1 and the second scan line S2
is a high voltage, the second switch 842 and the third switch
843 are turned on. When the third switch 843 is turned on,
the OLED 810 may be reversely biased by the low voltage
of the initializing voltage line VREF and the reverse bias
voltage (i.e., the high voltage) of the common voltage line
ELVSS.

[0047] FIG. 10 is a schematic timing diagram of the
control signal of the pixel circuit 800 depicted in FIG. 8
during the recovery period RP according to another embodi-
ment of the invention. Referring to FIG. 8 and FIG. 10,
during the recovery period RP, the voltage of the emission
control line EMIT is maintained at a low level, i.e., the first
switch 841 is kept turned-off. In the example illustrated in
FIG. 10, a length of the recovery period RP includes a
plurality of frame periods FP. In each of the frame periods
FP illustrated in FIG. 10, the voltage of each of the first scan
line S1 and the second scan line S2 has a plurality of positive
pulses. When the voltage of each of the first scan line S1 and
the second scan line S2 is a high voltage, the second switch
842 and the third switch 843 are turned on. When the third
switch 843 is turned on, the OLED 810 may be reversely
biased by the low voltage of the initializing voltage line
VREF and the reverse bias voltage (i.e., the high voltage) of
the common voltage line ELVSS.

[0048] FIG. 11 is a schematic timing diagram of the
control signal of the pixel circuit 800 depicted in FIG. 8
during the recovery period RP according to yet another
embodiment of the invention. Referring to FIG. 8 and FIG.
11, during the recovery period RP, the voltage of the
emission control line EMIT is at a low level, and the
voltages of the first scan line S1 and the second scan line S2
are at high levels. Thus, during the recovery period RP, the
first switch 341 is kept turned-off, and the second switch 842
and the third switch 843 are kept turned-on. When the third
switch 843 is turned on, the OLED 810 may be reversely
biased by the low voltage of the initializing voltage line
VREF and the reverse bias voltage (i.e., the high voltage) of
the common voltage line ELVSS.

[0049] FIG. 12 is a schematic circuit block diagram illus-
trating a pixel circuit 1200 according to still another embodi-
ment of the invention. The source driver circuit 140 may be
coupled to the data line DATA of the display panel 110. The
gate driver circuit 130 may be coupled to the scan line
SCAN and the reverse bias control line REV of the display
panel 110. The pixel circuit 1200 illustrated in FIG. 12
includes an OLED 1210, a transistor 1220, a storage capaci-
tor 1230, a first switch 1241 and a second switch 1242. A
first terminal (e.g.. a source) of the transistor 1220 is coupled
to the power supply voltage line ELVDD. A second terminal
(e.g., a drain) of the transistor 1220 is coupled to an anode
of the OLED 1210. A cathode of the OLED 1210 is coupled
to the common voltage line ELVSS. The storage capacitor
1230 is coupled to a control terminal (e.g., a gate) of the
transistor 1220. A first terminal of the first switch 1241 is
coupled the data line DATA. A second terminal of the first
switch 1241 is coupled to the control terminal of the
transistor 1220. A control terminal of the first switch 1241 is
coupled to the scan line SCAN. A first terminal of the second
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switch 1242 is coupled the data line DATA. A second
terminal of the second switch 1242 is coupled to the anode
of the OLED 1210. A control terminal of the second switch
1242 is coupled to the reverse bias control line REV.

[0050] During a normal operation period, the voltage
supply circuit 120 may supply a power supply voltage of the
display panel 110 to the power supply voltage line ELVDD
and supply a common voltage (e.g., a ground voltage or any
other reference voltage) of the display panel 110 to the
common voltage line ELVSS. The power supply voltage is
higher than the common voltage. A voltage of the reverse
bias control line REV is maintained as a high voltage during
the normal operation period, i.e., the second switch 1242 is
kept turned-off. The driving operation of the pixel circuit
1200 illustrated in FIG. 12 may be inferred by analog with
reference to the description related to the pixel circuit 200
illustrated in FIG. 2 and thus, will not be repeated.

[0051] During a recovery period, the voltage supply cir-
cuit 120 may supply a reverse bias voltage (which is higher
than the common voltage) to the common voltage line
ELVSS of'the display panel 110. In addition, the reverse bias
voltage is higher than the data voltage of the data line DATA,
so as to reversely bias the OLED 1210. The gate driving
circuit 130 may turn on the second switch 1242 during the
recovery period. The source driving circuit 140 may supply
the data voltage (or a negative voltage) to the data line
DATA during the recovery period. When the second switch
1242 is turned on, the OLED 1210 may be reversely biased
by the data voltage (or the negative voltage) of the data line
DATA and the reverse bias voltage (i.e., the high voltage) of
the common voltage line ELVSS. After the OLED 1210 has
been reversely biased for a period of time, photoelectric
characteristics of the OLED 1210 may be considerably
recovered.

[0052] FIG. 13 is a schematic timing diagram of the
control signal of the pixel circuit 1200 depicted in FI1G. 12
during the recovery period RP according to an embodiment
of the invention. Referring to FIG. 12 and FIG. 13, during
the recovery period RP, the voltage of the scan line SCAN
is maintained at a high level, i.e., the first switch 1241 is kept
turned-off. In the example illustrated in FI1G. 13, a length of
the recovery period RP includes a plurality of frame periods
FP. In each of the frame periods FPillustrated in FIG. 13, the
voltage of the reverse bias control line REV has a negative
pulse. In other embodiments, the voltage of the reverse bias
control line REV has a plurality of negative pulses, or the
voltage of the reverse bias control line REV is maintained at
alow level. When the voltage of the reverse bias control line
REV is a low voltage, the second switch 1242 is turned on.
When the second switch 1242 is turned on, the OLED 1210
may be reversely biased by the data voltage (or the negative
voltage) of the data line DATA and the reverse bias voltage
(i.e., the high voltage) of the common voltage line ELVSS.

[0053] Based on the above, by the display apparatus and
the operation method for the display panel thereof provided
by the embodiments of the invention, the reverse bias
voltage can be applied to the OLED of the pixel circuit
during the recovery period. After the OLED has been
reversely biased for a period of time, the photoelectric
characteristics of the OLED may be considerably recovered.
Thus, the display apparatus and the operation method for the
display panel thereof may achieve suppressing or improving
the phenomenon of decay of the OLEDs of the pixel circuits.



US 2020/0126483 Al

[0054] Tt will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the disclosed embodiments without departing
from the scope or spirit of the disclosure. In view of the
foregoing, it is intended that the disclosure cover modifica-
tions and variations of this disclosure provided they fall
within the scope of the following claims and their equiva-
lents.

What is claimed is:

1. A display apparatus, comprising:

a display panel, comprising a pixel circuit and a common
voltage line, wherein the pixel circuit comprises an
organic light emitting diode (OLED), and a cathode of
the OLED is coupled to the common voltage line; and

a voltage supply circuit, coupled to the common voltage
line of the display panel, wherein the voltage supply
circuit supplies a common voltage to the common
voltage line during a normal operation period, and the
voltage supply circuit supplies a reverse bias voltage
higher than the common voltage to the common voltage
line during a recovery period to reversely bias the
OLED.

2. The display apparatus according to claim 1, wherein the
reverse bias voltage is a power supply voltage of the display
panel, and the common voltage is a ground voltage of the
display panel.

3. The display apparatus according to claim 1, wherein the
display panel further comprises a power supply voltage line,
a scan line and a data line, and the pixel circuit further
comprises:

a transistor, having a first terminal, a second terminal and

a control terminal, wherein the first terminal of the
transistor is coupled to the power supply voltage line,
and the second terminal of the transistor is coupled to
an anode of the OLED;

a storage capacitor, coupled to the control terminal of the
transistor; and

a switch, having a first terminal, a second terminal and a
control terminal, wherein the first terminal of the
switch is coupled to the data line, the second terminal
of the switch is coupled to the control terminal of the
transistor, and the control terminal of the switch is
coupled to the scan line,

wherein the voltage supply circuit supplies a power
supply voltage higher than the common voltage to the
power supply voltage line during the normal operation
period, and the voltage supply circuit supplies a voltage
lower than the reverse bias voltage to the power supply
voltage line during the recovery period to reversely bias
the OLED.

4. The display apparatus according to claim 3, further

comprising:

a gate driving circuit, coupled to the scan line of the
display panel, wherein the gate driving circuit turns on
the switch during the recovery period; and

a source driving circuit, coupled to the data line of the
display panel, wherein the source driving circuit sup-
plies a data voltage to the control terminal of the
transistor to turn on the transistor during the recovery
period.

5. The display apparatus according to claim 1, wherein the

display panel further comprises a power supply voltage line,
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an initializing voltage line, an emission control line, a first
scan line, a second scan line and a data line, and the pixel
circuit further comprises:

a first switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
first switch is coupled to the power supply voltage line,
and the control terminal of the first switch is coupled to
the emission control line;

a transistor, having a first terminal, a second terminal and
a control terminal, wherein the first terminal of the
transistor is coupled to the second terminal of the first
switch;

a storage capacitor, coupled to the control terminal of the
transistor;

a second switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
second switch is coupled to the data line, the control
terminal of the second switch is coupled to the second
scan line, and the second terminal of the second switch
is coupled to the first terminal of the transistor;

a third switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
third switch is coupled to the control terminal of the
transistor, the second terminal of the third switch is
coupled to the second terminal of the transistor, and the
control terminal of the third switch is coupled to the
second scan line;

a fourth switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
fourth switch is coupled to the initializing voltage line,
the second terminal of the fourth switch is coupled to
the control terminal of the transistor, and the control
terminal of the fourth switch is coupled to the first scan
line;

a fifth switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
fifth switch is coupled to the second terminal of the
transistor, and the second terminal of the fifth switch is
coupled to an anode of the OLED, and the control
terminal of the fifth switch is coupled to the emission
control line; and

a sixth switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
sixth switch is coupled to the initializing voltage line,
the second terminal of the sixth switch is coupled to the
anode of the OLED, and the control terminal of the
sixth switch is coupled to the first scan line, wherein the
voltage supply circuit supplies an initializing voltage
higher than the common voltage to the initializing
voltage line during the normal operation period, and the
voltage supply circuit supplies a voltage lower than the
reverse bias voltage to the initializing voltage line
during the recovery period to reversely bias the OLED.

6. The display apparatus according to claim 5, further
comprising:

a gate driving circuit, coupled to the first scan line of the
display panel, wherein the gate driving circuit turns on
the sixth switch during the recovery period.

7. The display apparatus according to claim 1, wherein the
display panel further comprises a power supply voltage line,
an initializing voltage line, an emission control line, a first
scan line, a second scan line and a data line, and the pixel
circuit further comprises:
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a first switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
first switch is coupled to the power supply voltage line,
and the control terminal of the first switch is coupled to
the emission control line;

a transistor, having a first terminal, a second terminal and
a control terminal, wherein the first terminal of the
transistor is coupled to the second terminal of the first
switch, and the second terminal of the transistor is
coupled to an anode of the OLED;

a storage capacitor, having a first terminal coupled to the
control terminal of the transistor and a second terminal
of the storage capacitor is coupled to the second
terminal of the transistor;

a second switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
second switch is coupled to the data line, the control
terminal of the second switch is coupled to the second
scan line, and the second terminal of the second switch
is coupled to the control terminal of the transistor:

a third switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
third switch is coupled to the initializing voltage line,
the second terminal of the third switch is coupled to the
anode of the OLED, and the control terminal of the
third switch is coupled to the first scan line; and

a holding capacitor, having a first terminal coupled to the
power supply voltage line, wherein a second terminal
of the holding capacitor is coupled to the second
terminal of the third switch,

wherein the voltage supply circuit supplies an initializing
voltage higher than the common voltage to the initial-
izing voltage line during the normal operation period,
and the voltage supply circuit supplies a voltage lower
than the reverse bias voltage to the initializing voltage
line during the recovery period to reversely bias the
OLED.

8. The display apparatus according to claim 7, further

comprising:

a gate driving circuit, coupled to the first scan line of the
display panel, wherein the gate driving circuit turns on
the third switch during the recovery period.

9. The display apparatus according to claim 1, wherein the
display panel further comprises a power supply voltage line,
areverse bias control line, a scan line and a data line, and the
pixel circuit further comprises:

a transistor, having a first terminal, a second terminal and
a control terminal, wherein the first terminal of the
transistor is coupled to the power supply voltage line,
and the second terminal of the transistor is coupled to
an anode of the OLED,;

a storage capacitor, coupled to the control terminal of the
transistor;

a first switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
first switch is coupled to the data line, the second
terminal of the first switch is coupled to the control
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terminal of the transistor, and the control terminal of the
first switch is coupled to the scan line; and

a second switch, having a first terminal, a second terminal
and a control terminal, wherein the first terminal of the
second switch is coupled to the data line, the second
terminal of the second switch is coupled to the anode of
the OLED, and the control terminal of the second
switch is coupled to the reverse bias control line,

wherein the reverse bias voltage is higher than a data
voltage of the data line to reversely bias the OLED.

10. The display apparatus according to claim 9, further
comprising:

a gate driving circuit, coupled to the reverse bias control
line of the display panel, wherein the gate driving
circuit turns on the second switch during the recovery
period; and

a source driving circuit, coupled to the data line of the
display panel, wherein the source driving circuit sup-
plies the data voltage or a negative voltage to the data
line during the recovery period.

11. An operation method for a display panel comprising a
pixel circuit and a common voltage line, the pixel circuit
comprising an organic light emitting diode (OLED), a
cathode of the OLED being coupled to the common voltage
line, and the operation method comprising:

supplying a common voltage to the common voltage line
during a normal operation period; and

supplying a reverse bias voltage higher than the common
voltage to the common voltage line during a recovery
period to reversely bias the OLED.

12. The operation method according to claim 11, wherein
the reverse bias voltage is a power supply voltage of the
display panel, and the common voltage is a ground voltage
of the display panel.

13. The operation method according to claim 11, wherein
the display panel further comprises an initializing voltage
line, the pixel circuit further comprises a switch, a first
terminal of the switch is coupled to the initializing voltage
line, a second terminal of the switch is coupled to an anode
of the OLED, and the operation method further comprises:

turning on the switch during the recovery period; and

supplving a voltage lower than the reverse bias voltage to
the initializing voltage line during the recovery period
to reversely bias the OLED.

14. The operation method according to claim 11, wherein
the display panel further comprises a data line, the pixel
circuit further comprises a switch, a first tell final of the
switch is coupled to the data line, a second terminal of the
switch is coupled to an anode of the OLED, and the
operation method further comprises:

turning on the switch during the recovery period; and

supplving a data voltage or a negative voltage to the data
line during the recovery period to reversely bias the
OLED, wherein the data voltage and the negative
voltage are lower than the reverse bias voltage.

* #* * #* #®



TRBR(F) ETREBEREE RERWBRESE
K (BE)S US20200126483A1

RiES US16/167537
FRIBE(FFR)ACE) BRIKREBRBERAF

BRiE (TR A(F) BRIk RHE R 13 B BR 22 7.

HARBEEANR)AGE) BRIKBEROARLF.

[#RI &8 A CHEN TSE YUAN
CHEN CHIEN YU
KBEAN CHEN, TSE-YUAN
SUNG, JUNG-HSUAN
CHEN, CHIEN-YU
IPCHE& G09G3/3258 HO1L51/52
CPCH¥EF
/0819 G09G2320/045
S\EBEEE Espacenet USPTO
HEGF)

RET—HEREKEREE RERNRESZ.
IRMEBERNBEE, ERERSFGREERMAHBEL,
FEANAKKE=HRE (OLED)
EHMEEBEEETRERNARBES.
BN A HEBEREANHBEL,

ZENREZFCEERE

BEERE

, HPOLEDWAIRBA R N HBEL, =
BB R LA BB BR E IE R A
BB fH A BB BR AR AR B A ER R () ) 8

BELREHETAABENRARERE , MEOLEDR [ E.

130

patsnap

2020-04-23

2018-10-23

A

G09G3/3258 G09G2310/0264 HO1L51/5206 HO1L51/5221 G09G3/3233 G09G2300/0814 G09G2300

40

Source driving

circuit

Gate driving
circuit

20

Voltage supply

circuit



https://share-analytics.zhihuiya.com/view/3828941c-cac4-4984-9ddd-ea7c45ab897e
https://worldwide.espacenet.com/patent/search/family/070280803/publication/US2020126483A1?q=US2020126483A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200126483%22.PGNR.&OS=DN/20200126483&RS=DN/20200126483

