US 20200035160A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2020/0035160 A1

Chen et al. (43) Pub, Date: Jan. 30, 2020
(54) POWER MANAGEMENT DEVICE, POWER (52) US. CL
MANAGEMENT METHOD, AND PIXEL CPC ... G096 3/3258 (2013.01); GO9IG 2330/021
CIRCUIT (2013.01); GO9G 2320/046 (2013.01)
(71) Applicant: Novatek Microelectronics Corp.,
Hsinchu (TW) (57) ABSTRACT
(72) Inventors: Ko-Fang Chen, Hsinchu City (TW);
Huang-Chin Tang, Hsinchu County o .
(TW) A power management device including a power manage-
ment circuit is provided. The power management circuit is
(73) Assignee: Novatek Microelectronics Corp.. configured to output a first power signal and a second power
Hsinchu (TW) signal to a pixel circuit of a display panel. The pixel circuit
includes an organic light-emitting diode. The organic light-
(21) Appl. No.: 16/045,757 emitting diode includes an anode terminal and a cathode
terminal. The anode terminal is coupled to the first power
(22) Filed: Jul. 26, 2018 signal. The cathode terminal is coupled to the second power
L. . signal. The second power signal is an alternating-current
Publication Classification voltage. In addition, a pixel circuit of a display panel, and a
(51) Imt. CL power management method for the pixel circuit of the
G09G 3/3258 (2006.01) display panel are also provided.
130
A2 133 5 M0
VeHAGL \ | | VODEL
_L_ power
Cs1
GVDDP/GVODN || +— ST 4 o management
display driver \ T device
device 13 D 112
| VSSEL(AC) T
| |
Vetrl oo




US 2020/0035160 A1

Jan. 30,2020 Sheet 1 of 4

Patent Application Publication

!

Ol4d

001
_wIIJ_ BEN
Ly —— OV)EssA [ 1
41l a [y
90InOp L \
JUswabouDW TS| o B gy y v TEYATOTE)
Jomod 1 J |m|
13007 e / TOA/HOA
oL~ - eel
ocl

92IAOP
Joaup Apjdsip

0zl




US 2020/0035160 A1

Jan. 30,2020 Sheet 2 of 4

Patent Application Publication

¢ 9Old

n

< * m_

V)T13IS
(OV/BSSA 022 - B
08¢ ——

va =

0lZ-. (00)T3SSA

T

W T300A

‘ =

H19A

0vé



US 2020/0035160 A1

Jan. 30,2020 Sheet 3 of 4

Patent Application Publication

¢ ‘9Id
)
JOI\ — 01440140140~ 1440 [ (9v)TISSA
| N NO NO N0 Ly
H
|40 ["No 1430 o L0 MNo 1440 Ty 1440 | MOA

poldd SwWDpJ |



US 2020/0035160 A1

Jan. 30,2020 Sheet 4 of 4

Patent Application Publication

¥ Ol

OHS—

opolp buryjiwe—3ybl| o1upbio ayy jo
[pulwIe) 8poyipd D 0} |pubis Jemod puodss p bunindino pup ‘pubis
|0JJucd D 01 bulpioooD |pubis Jemod puodes D Jo sppAs| bunsnpo

001S —

apolp bunyiwe—1yby
olupbJo up Jo |pulwie) spoup up 0) |pubis Jemod 1suy D Bunindino




US 2020/0035160 A1

POWER MANAGEMENT DEVICE, POWER
MANAGEMENT METHOD, AND PIXEL
CIRCUIT

BACKGROUND

Technical Field

[0001] The invention generally relates to an electrical
circuit, a pixel circuit of a display panel, and a management
method for the pixel circuit of the display panel. More
particularly, the invention relates to a power management
circuit, a pixel circuit of a display panel, and a power
management method for the pixel circuit of the display
panel.

Description of Related Art

[0002] Display panels, and especially organic light-emit-
ting diode (OLED) displays, are applied widely in the
real-life applications and electronic devices. OLED displays
have advantages on energy efliciency, thinness, high contrast
ratio and overall display quality. Typically, an OLED display
includes a plurality of OLEDs that are integrated with
thin-film transistors (TFT) to form an OLED pixel arrays.
However, OLED displays have disadvantages such as the
burn-in issue. Burn-in is a form of image retention that lasts
much longer on the display panel. Burn-in is usually visible
even when the display panel plays other image content. It’s
usually caused by leaving a static image the display panel for
along period of time. In addition, as the resolution increases,
the power consumption of the OLED displays also
increases, especially when the OLED displays display
images of high brightness.

[0003] Therefore, it would be desirable to remedy the
influences of the burn-in to a display apparatus, thereby
improving quality of the display apparatus and improving
user experience in using the display apparatus.

SUMMARY

[0004] A power management circuit, a pixel circuit of a
display panel, and a power management method for the pixel
circuit of the display panel are introduced to remedy the
burn-in issue in the display panel. In addition, a display
apparatus including the power management circuit has low
power consumption.

[0005] The invention provides a power management
device including a power management circuit. The power
management circuit is configured to output a first power
signal and a second power signal to a pixel circuit of a
display panel. The pixel circuit includes an organic light-
emitting diode. The organic light-emitting diode includes an
anode terminal and a cathode terminal. The anode terminal
is coupled to the first power signal. The cathode terminal is
coupled to the second power signal. The second power
signal is an alternating-current voltage.

[0006] In an embodiment of the invention, levels of the
second power signal are adjusted according to a control
signal.

[0007] Inanembodiment ofthe invention, the levels of the
second power signal includes a first level and a second level.
The first level and the second level are respectively deter-
mined according to a reference voltage, a first voltage and a
second voltage. The first level is higher than the second
level.
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[0008] In an embodiment of the invention, the power
management circuit includes a first switch, a second switch
and a capacitor. The first switch includes a first end, a second
end and a control end. The first end of the first switch is
coupled to the first voltage. The control end of the first
switch is coupled to the control signal. The second switch
includes a first end, a second end and a control end. The first
end of the second switch is coupled to the second voltage.
The control end of the second switch is coupled to a reverse
signal of the control signal. The capacitor includes a first end
and a second end. The first end of the capacitor is coupled
to the second end of the first switch and the second end of
the second switch. The second end of the capacitor is
coupled to the reference voltage. The power management
circuit outputs the second power signal via the second end
of the capacitor.

[0009] In an embodiment of the invention, the power
management circuit further includes an inverter. The
inverter includes an input end and an output end. The input
end of the inverter receives the control signal. The output
end of the inverter outputs the reverse signal of the control
signal.

[0010] In an embodiment of the invention, the control
signal is a digital signal. When the first switch is conducted,
the second switch is not conducted. When the second switch
is conducted, the first switch is not conducted.

[0011] In an embodiment of the invention, the power
management circuit receives the control signal from a dis-
play driver device. The display driver device outputs a scan
signal and a data signal to the pixel circuit and outputs the
control signal to the power management circuit.

[0012] In an embodiment of the invention, the first power
signal is a direct-current voltage.

[0013] The invention provides a pixel circuit of a display
panel. The pixel circuit includes: a first transistor, a second
transistor, an organic light-emitting diode and a capacitor.
The first transistor includes a first end, a second end and a
control end. The first end of the first transistor is coupled to
a data line. The control end of the first transistor is coupled
to a scan line. The second transistor includes a first end, a
second end and a control end. The first end of the second
transistor is coupled to a first power signal. The control end
of the second transistor is coupled to the second end of the
first transistor. The organic light-emitting diode includes an
anode terminal and a cathode terminal. The anode terminal
is coupled to the second end of the second transistor. The
cathode terminal is coupled to the second power signal. The
capacitor includes a first end and a second end. The first end
of the capacitor is coupled to the first end of the second
transistor. The second end of the capacitor is coupled to the
control end of the second transistor. The second power
signal is an alternating-current voltage.

[0014] In an embodiment of the invention, levels of the
second power signal are adjusted according to a control
signal.

[0015] Inanembodiment of the invention, the levels of the
second power signal includes a first level and a second level.
The first level and the second level are respectively deter-
mined according to a reference voltage, a first voltage and a
second voltage. The first level is higher than the second
level.

[0016] In an embodiment of the invention, the first power
signal is a direct-current voltage.
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[0017] The invention provides a power management
method for a pixel circuit of a display panel. The pixel
circuit includes an organic light-emitting diode. The organic
light-emitting diode includes an anode terminal and a cath-
ode terminal. The power management method includes:
outputting a first power signal to the anode terminal of the
organic light-emitting diode; and adjusting levels of a sec-
ond power signal according to a control signal, and output-
ting the second power signal to the cathode terminal of the
organic light-emitting diode. The second power signal is an
alternating-current voltage.

[0018] In an embodiment of the invention, the power
management method further includes: receiving the control
signal from a display driver device. The display driver
device outputs a scan signal and a data signal to the pixel
circuit.

[0019] Inanembodiment of the invention, the levels of the
second power signal includes a first level and a second level.
The first level is higher than the second level. The power
management method further includes: respectively deter-
mining the first level and the second level according to a
reference voltage, a first voltage and a second voltage.
[0020] In an embodiment of the invention, the first power
signal is a direct-current voltage.

[0021] To make the aforementioned more comprehensible,
several embodiments accompanied with drawings are
described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the dis-
closure and, together with the description, serve to explain
the principles of the disclosure.

[0023] FIG. 1 illustrates a schematic diagram of a display
apparatus according to an embodiment of the invention.
[0024] FIG. 2 illustrates a schematic diagram of the power
management circuit depicted in FIG. 1.

[0025] FIG. 3 illustrates a waveform diagram of the con-
trol signal and the second power signal depicted in FIG. 1.
[0026] FIG. 4 is a flowchart illustrating steps in a power
management method for a pixel circuit of a display panel
according to an embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0027] FIG. 1 illustrates a schematic diagram of a display
apparatus according to an embodiment of the invention.
Referring to FIG. 1, the display apparatus 100 of the present
embodiment includes a power management device 110, a
display driver device 120 and a display panel 130. The
power management device 110 includes power management
circuit. The display panel 130 includes a pixel circuit 132.
For the sake of brief explanation, only one pixel circuit is
shown in the display panel 130, but the number of the pixel
circuit 132 does not intend to limit the invention.

[0028] In the present embodiment, the pixel circuit 132
includes a first transistor T1, a second transistor T2, an
organic light-emitting diode D and a capacitor Cs. The first
transistor T1 includes a first end, a second end and a control
end. The first end of the first transistor T1 is coupled to a data
line 131. The second end of the first transistor T1 is coupled
to a control end of the second transistor T2. The control end
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of the first transistor T1 is coupled to a scan line 333. The
display driver device 120 outputs scan signals VGH/VGL to
the control end of the first transistor T1 via the scan line 133,
so as to control the conduction state of the first transistor T1.
The display driver device 120 outputs data signals GVDDP/
GVDDN to the first end of the first transistor T1 via the data
line 131, so as to write display data to the pixel circuit 132.
[0029] Inthe present embodiment, the pixel circuit may be
implemented by using structures of any pixel circuits in the
related art, which are not particularly limited by the inven-
tion. Enough teaching, suggestion, and implementation
illustration for aforesaid pixel circuit and embodiments
thereof may be obtained with reference to common knowl-
edge in the related art, which is not repeated hereinafter.
[0030] The second transistor T2 includes a first end, a
second end and a control end. The first end of the second
transistor T2 is coupled to a first power signal VDDEL. The
second end ofthe second transistor T2 is coupled to an anode
terminal of the organic light-emitting diode. The control end
of the second transistor T2 is coupled to the second end of
the first transistor T1. The organic light-emitting diode D
includes an anode terminal and a cathode terminal. The
anode terminal is coupled to the second end of the second
transistor T2. The cathode terminal is coupled to the second
power signal VSSEL(AC). The capacitor Cs includes a first
end and a second end. The first end of the capacitor Cs is
coupled to the first end of the second transistor T2. The
second end of the capacitor Cs is coupled to the control end
of the second transistor T2.

[0031] Inthe present embodiment, the power management
circuit 112 outputs the first power signal VDDEL and the
second power signal VSSEL(AC) to the pixel circuit 132.
The first power signal VDDEL is a direct-current (DC)
positive voltage. The second power signal VSSEL(AC) is an
alternating-current (AC) voltage. In the present embodi-
ment, the display driver device 120 outputs a control signal
Vetrl to the power management circuit 112, and levels of the
second power signal VSSEL(AC) are adjusted according to
the control signal Vetrl.

[0032] To be specific, FIG. 2 illustrates a schematic dia-
gram of the power management circuit depicted in FIG. 1.
FIG. 3 illustrates a waveform diagram of the control signal
and the second power signal depicted in FIG. 1. Referring to
FIG. 2 and FIG. 3, the power management circuit 112 of the
present embodiment includes a first switch 210, a second
switch 220, a capacitor and an inverter 240.

[0033] The first switch 210 includes a first end, a second
end and a control end. The first end of the first switch 210
is coupled to the first power signal VDDEL (a first voltage).
The second end of the first switch 210 is coupled to the first
end of the capacitor 230. The control end of the first switch
210 is coupled to the control signal Vctrl. The second switch
220 includes a first end, a second end and a control end. The
first end of the second switch 220 is coupled to a second
voltage VSSEL(DC). The second end of the second switch
220 is coupled to the first end of the capacitor 230. The
control end of the second switch 220 is coupled to a reverse
signal of the control signal Vetrl. The inverter 240 includes
an input end and an output end. The input end of the inverter
240 receives the control signal Vetrl from the display driver
device 120. The output end of the inverter 240 outputs the
reverse signal of the control signal Vetrl to the control end
of the second switch 220. In the present embodiment, the
control signal Vetrl is a digital signal as shown in FIG. 3.
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The control signal Vctrl controls the conduction state of the
first switch 210 and the second switch 220. When the first
switch 210 is conducted, the second switch 220 is not
conducted, and when the second switch 220 is conducted,
the first switch 210 is not conducted.

[0034] The capacitor 230 includes a first end and a second
end. The first end of the capacitor 230 is coupled to the
second end of the first switch 210 and the second end of the
second switch 220. The second end of the capacitor 230 is
coupled to a reference voltage Vref. The power management
circuit 112 outputs the second power signal VSSEL(AC) to
the pixel circuit 132 via the second end of the capacitor 230.

[0035] Referring to FIG. 3, the levels of the second power
signal VSSEL(AC) includes a first level H and a second
level L in the present embodiment. The first level H and the
second level L are respectively determined according to the
reference voltage DC, the first power signal VDDEL and the
second voltage VSSEL(DC). The first level H is higher than
the second level L. In the present embodiment, the first level
H may be obtained based on the formula H=DC level+
[(VDDEL-VSSEL)2], and the second level L may be
obtained based on the formula L=DC level-[(VDDEL-
VSSEL)/2], where DC level is the level value of the refer-
ence voltage Vref, VDDEL is the level value of the first
power signal VDDEL, and VSSEL is the level value of the
second voltage VSSEL(DC). In FIG. 3, the mark “OFF”
indicates the OLED pixel 132 stays in an OFF period, and
the mark “ON” indicates the OLED pixel 132 stays in an ON
period.

[0036] In the present embodiment, the display driver
device 120 controls the power management device 110 by
using the control signal Vetrl, and the power management
device 110 outputs the second power signal VSSEIL(AC) of
the AC format to the OLED pixel 132. By adjusting the duty
cycle of the control signal Vetrl, the ON and OFF periods of
the OLED pixel 132 are adjusted. For example, adjusting the
duty cycle of the control signal Vetrl to 50% can reduce a
half of power consumption of the OLED pixel 132. In
addition, the power management device 110 can perform a
reverse voltage operation on the OLED pixel 132 and adjust
the level of the second power signal VSSEL(AC) by adjust-
ing the level of the reference voltage Vref. By adjusting the
level of the reference voltage Vref, a reverse voltage is
provided during OFF period so as to initialize the OLED
pixel 132 to an initial state.

[0037] FIG. 4 is a flowchart illustrating steps in a power
management method for a pixel circuit of a display panel
according to an embodiment of the invention. Referring to
FIG. 1 and FIG. 4, the power management method of the
embodiment is at least adapted to the display apparatus 100
of FIG. 1, but the invention is not limited thereto. Taking the
display apparatus 100 of FIG. 1 for example, in step S100,
the power management device 110 outputs the first power
signal VDDEL to the anode terminal of the organic light-
emitting diode D. In step S110, the power management
device 110 adjusts levels of a second power signal VSSEL
(AC) according to a control signal Vetrl, and outputs the
second power signal VSSEL(AC) to the cathode terminal of
the organic light-emitting diode D, where the second power
signal VSSEL(AC) is an alternating-current voltage. In
addition, sufficient teaching, suggestion, and implementa-
tion illustration regarding the power management method of
the embodiments of the disclosure may be obtained from the
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foregoing embodiments of FIG. 1 to FIG. 3, and thus related
description thereof is not repeated hereinafter.

[0038] In summary, in exemplary embodiments of the
invention, the power management device is control to output
an AC voltage to control the OFF and ON periods of the
OLED pixel, such that the power consumption of the OLED
pixel, is reduced. In addition, the power management device
provides a reverse voltage to initialize the OLED pixel to an
initial state during the OFF period.

[0039] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
disclosed embodiments without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure covers modifications and varia-
tions provided that they fall within the scope of the follow-
ing claims and their equivalents.

What is claimed is:

1. A power management device, comprising:

a power management circuit configured to output a first
power signal and a second power signal to a pixel
circuit of a display panel. wherein the pixel circuit
comprises an organic light-emitting diode, the organic
light-emitting diode comprises an anode terminal and a
cathode terminal, the anode terminal is coupled to the
first power signal, and the cathode terminal is coupled
to the second power signal,

wherein the second power signal is an alternating-current
voltage.

2. The power management device of claim 1, wherein
levels of the second power signal are adjusted according to
a control signal.

3. The power management device of claim 2, wherein the
levels of the second power signal comprises a first level and
a second level, the first level and the second level are
respectively determined according to a reference voltage, a
first voltage and a second voltage, and the first level is higher
than the second level.

4. The power management device of claim 3, wherein the
power management circuit comprises:

a first switch comprising a first end, a second end and a
control end, wherein the first end of the first switch is
coupled to the first voltage, and the control end of the
first switch is coupled to the control signal;

a second switch comprising a first end, a second end and
acontrol end, wherein the first end of the second switch
is coupled to the second voltage, and the control end of
the second switch is coupled to a reverse signal of the
control signal; and

a capacitor comprising a first end and a second end,
wherein the first end of the capacitor is coupled to the
second end of the first switch and the second end of the
second switch, and the second end of the capacitor is
coupled to the reference voltage,

wherein the power management circuit outputs the second
power signal via the second end of the capacitor.

5. The power management device of claim 4, wherein the

power management circuit further comprises:

an inverter comprising an input end and an output end,
wherein the input end of the inverter receives the
control signal and the output end of the inverter outputs
the reverse signal of the control signal.

6. The power management device of claim 4, wherein the

control signal is a digital signal, when the first switch is
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conducted, the second switch is not conducted, and when the
second switch is conducted, the first switch is not conducted.

7. The power management device of claim 2, wherein the
power management circuit receives the control signal from
adisplay driver device, and the display driver device outputs
a scan signal and a data signal to the pixel circuit and outputs
the control signal to the power management circuit.

8. The power management device of claim 1, wherein the
first power signal is a direct-current voltage.

9. A pixel circuit of a display panel, comprising:

a first transistor comprising a first end, a second end and

a control end, wherein the first end of the first transistor
is coupled to a data line, and the control end of the first
transistor is coupled to a scan line;

a second transistor comprising a first end, a second end
and a control end, wherein the first end of the second
transistor is coupled to a first power signal, and the
control end of the second transistor is coupled to the
second end of the first transistor;

an organic light-emitting diode comprising an anode
terminal and a cathode terminal, wherein the anode
terminal is coupled to the second end of the second
transistor, and the cathode terminal is coupled to the
second power signal; and

a capacitor comprising a first end and a second end,
wherein the first end of the capacitor is coupled to the
first end of the second transistor, and the second end of
the capacitor is coupled to the control end of the second
transistor,

wherein the second power signal is an alternating-current
voltage.

10. The pixel circuit of claim 9, wherein levels of the
second power signal are adjusted according to a control
signal.

11. The pixel circuit of claim 10, wherein the levels of the
second power signal comprises a first level and a second
level, the first level and the second level are respectively
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determined according to a reference voltage, a first voltage
and a second voltage, and the first level is higher than the
second level.

12. The pixel circuit of claim 10, wherein the first power
signal is a direct-current voltage.

13. A power management method for a pixel circuit of a
display panel, wherein the pixel circuit comprises an organic
light-emitting diode, and the organic light-emitting diode
comprises an anode terminal and a cathode terminal, the
power management method comprising:

outputting a first power signal to the anode terminal of the
organic light-emitting diode; and

adjusting levels of a second power signal according to a
control signal, and outputting the second power signal

to the cathode terminal of the organic light-emitting
diode,

wherein the second power signal is an alternating-current
voltage.
14. The power management method of claim 13, further
comprising:
receiving the control signal from a display driver device,
wherein the display driver device outputs a scan signal
and a data signal to the pixel circuit.

15. The power management method of claim 13, wherein
the levels of the second power signal comprises a first level
and a second level, and the first level is higher than the
second level, the power management method further com-
prising:

respectively determining the first level and the second

level according to a reference voltage, a first voltage
and a second voltage.

16. The power management method of claim 13, wherein
the first power signal is a direct-current voltage.
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