US010692436B2

a2 United States Patent

Li et al,

US 10,692,436 B2
Jun. 23, 2020

(10) Patent No.:
(45) Date of Patent:

(54) DISPLAY PANEL AND DISPLAY DEVICE

(71) Applicant: WUHAN TIANMA

MICRO-ELECTRONICS CO., LTD.,

Wuhan (CN)
(72) Inventors: Yue Li, Wuhan (CN); Xingyao Zhou,
Wuhan (CN); Yana Gao, Wuhan (CN)
(73) Assignee: WUHAN TIANMA
MICRO-ELECTRONICS CO., LTD.,
Wuhan (CN)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
(21) Appl. No.: 16/249,904
(22) Filed: Jan. 17, 2019
(65) Prior Publication Data
US 2019/0147802 A1~ May 16, 2019
(30) Foreign Application Priority Data
Sep. 30,2018 (CN) .vvvvvvinriin, 2018 1 1159710
(51) Imt. CL
G09G 3/3258 (2016.01)
HOIL 27/32 (2006.01)
(Continued)
(52) US.CL
CPC ....con. G09G 3/3258 (2013.01); GO9G 3/14
(2013.01); G09G 372003 (2013.01); GO9IG
5/14 (2013.01);
(Continued)
(58) Field of Classification Search

CPC ... G09G 3/3258; GO9G 3/14; GO9G 3/2003;
G09G 5/14; GO9G 2320/0646;

(Continued)

20211 212

(56) References Cited

U.S. PATENT DOCUMENTS

2002/0054036 A1*  5/2002 Johnson ............. G09G 3/20
345/204
2014/0285535 Al*  9/2014 Pyo .c.ccccovervnnennn G09G 3/3291
345/690

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1811865 A * 8/2006
CN 1811865 A 8/2006
(Continued)
OTHER PUBLICATIONS

RaspberryPi (https://www.raspberrypi.org/forums/viewtopic.php?t=
157216, entry by scottyl01 dated Aug. 15, 2016 2:48pm) (Year:
2016).*

(Continued)

Primary Examiner — Mark Edwards

(74) Attorney, Agent, or Firm — Kilpatrick Townsend &
Stockton, LLP

7) ABSTRACT

The present disclosure provides a display panel and a
display device. The display panel has a display area and an
information notification area. The display panel includes: a
first organic light-emitting device arranged in the display
area; a pixel driving circuit arranged in the display area, and
the pixel driving circuit is configured to receive a first power
voltage; and at least one second organic light-emitting
device arranged in the information notification area. Each of
the at least one second organic light-emitting device is
electrically connected to a control circuit, and the control
circuit is configured to receive a second power voltage. The
second power voltage is less than the first power voltage.
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1
DISPLAY PANEL AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Chinese Patent
Application No. 201811159710.3, filed on Sep. 30, 2018, the
content of which is incorporated herein by reference in its
entirety.

FIELD

The present disclosure relates to the field of display
technologies, and in particular, to a display panel and a
display device.

BACKGROUND

In a display device such as a cellphone or a tablet
computer, an indicator light for reminding the use or work
state of the device is usually provided. Currently, when the
indicator light is provided in the display panel, the indicator
light is usually disposed within a region outside a display
area for displaying an image, and an LED light is addition-
ally arranged in this region for use as an indicator light. In
such a manner, not only the manufacturing process of the
display panel is increased, but also the power consumption
of the display panel during operation is high.

SUMMARY

In view of this, the present disclosure provides a display
panel and a display device, aiming to simplify: the manu-
facturing process of the display panel and reduce the power
consumption of the display panel during operation.

In one embodiment, the present disclosure provides a
display panel. The display panel has a display area and an
information notification area. The display panel includes: a
first organic light-emitting device arranged in the display
area; a pixel driving circuit arranged in the display area, and
the pixel driving circuit is configured to receive a first power
voltage; and at least one second organic light-emitting
device arranged in the information notification area. Each of
the at least one second organic light-emitting device is
electrically connected to a control circuit, and the control
circuit is configured to receive a second power voltage. The
second power voltage is less than the first power voltage.

In another embodiment, the present disclosure provides a
display control method for a display panel. The display
panel has a display area and an information notification area.
The display area includes a first organic light-emitting
device, a pixel driving circuit and at least one second organic
light-emitting device. The first organic light-emitting device
and the pixel driving circuit are arranged in the display area,
the at least one second organic light-emitting device is
arranged in the information notification area, and each of the
at least one second organic light-emitting device is electri-
cally connected to a control circuit. The display control
method includes: providing a first power voltage to the pixel
driving circuit; and providing a second power voltage to the
control circuit. The second power voltage is less than the
first power voltage.

In still another embodiment, the present disclosure pro-
vides a display device, and the display device includes the
display panel described above.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the present disclosure, the drawings used
in the embodiments will be described in the following. It
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2

should be noted that the drawings in the following descrip-
tion are some embodiments of the present disclosure.

FIG. 1 is a schematic diagram of a display panel accord-
ing to an embodiment of the present disclosure;

FIG. 2 is an enlarged schematic view showing a portion
of a display area and an information notification area of FIG.
1;

FIG. 3 is an equivalent circuit diagram of a first organic
light-emitting device located in the display area during
operation;

FIG. 4 is an equivalent circuit diagram of a second organic
light-emitting device located in the information notification
area during operation;

FIG. 5 is another equivalent circuit diagram of the second
organic light-emitting device located in the information
notification area during operation;

FIG. 6 is a schematic diagram of a pixel driving circuit
according to an embodiment of the present disclosure;

FIG. 7 is a waveform diagram of a control signal trans-
mitted through a switch control signal line;

FIG. 8 is still another equivalent circuit diagram of the
second organic light-emitting device located in the informa-
tion notification area during operation;

FIG. 9 is yet still another equivalent circuit diagram of the
second organic light-emitting device located in the informa-
tion notification area during operation; and

FIG. 10 is a schematic diagram of a display device
according to an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present disclosure will be described
in detail as follows with reference to the accompanying
drawings.

It should be rioted that, the described embodiments are
merely exemplary embodiments of the present disclosure,
which shall not be interpreted as providing limitations to the
present disclosure.

The terms used in the embodiments of the present dis-
closure are merely for the purpose of describing particular
embodiments but not intended to limit the present disclo-
sure. Unless otherwise noted in the context, the singular
form expressions “a”, “an”, “the” and “said” used in the
embodiments and appended claims of the present disclosure
are also intended to represent plural form expressions
thereof.

It should be understood that the term “and/or” used herein
is merely an association relationship describing associated
objects, indicating that there may be three relationships, for
example, A and/or B may indicate that three cases, i.e., A
existing individually, A and B existing simultaneously, B
existing individually. In addition, the character “/” herein
generally indicates that the related objects before and after
the character form an “or” relationship.

It should be understood that although a power voltage
may be described using the terms of “first”, “second”, etc.,
in the embodiments of the present disclosure, the power
voltage will not be limited to these terms. These terms are
merely used to distinguish power voltages from one another.
For example, without departing from the scope of the
embodiments of the present disclosure, a first power voltage
may also be referred to as a second power voltage, and
similarly, a second power voltage may also be referred to as
a first power voltage.

An embodiment of the present disclosure provides a
display panel, as shown in FIG. 1, which is a schematic
diagram of a display panel according to an embodiment of



US 10,692,436 B2

3

the present disclosure. The display panel has a display area
1 and an information notification area 2. FIG. 2 is an
enlarged schematic view showing a portion of a display area
and an information notification area of FIG. 1, FIG. 3 is an
equivalent circuit diagram of a first organic light-emitting
device located in the display area during operation, and FIG.
4 is an equivalent circuit diagram of a second organic
light-emitting device located in the information notification
area during operation. As shown in FIGS. 2-4, the display
area 1 is provided with a first organic light-emitting device
11 and a pixel driving circuit 12 therein, and the pixel
driving circuit 12 is configured to receive a first power
voltage V1. The information notification area 2 is provided
with a second organic light-emitting device 21 therein
electrically connected to a control circuit 22, and the control
circuit 22 is configured to receive a second power voltage
V2. The second power voltage V2 is less than the first power
voltage V1.

When the display panel is in operation, the pixel driving
circuit 12 receives the first power voltage V1 and drives the
first organic light-emitting device 11 to emit light. The
control circuit 22 receives the second power voltage V2, and
the second organic light-emitting device 21 emits light under
control of the second power voltage V2 and the control
circuit 22.

The display panel provided by this embodiment of the
present disclosure has a display area 1 and an information
notification area 2. When the display panel is in operation,
the first organic light-emitting device 11 located in the
display area 1 emits light in such a manner that the display
panel can display images, and the second organic light-
emitting device 21 located in the information notification
area 2 emits light so as to remind the user the current
working state of the display device formed by the display
panel, for example, to remind whether the display device is
being charged or whether there are items such as missed
calls or unread messages. This can enrich the use of the
display panel and meet the diverse needs of users.

Moreover, in this embodiment of the present disclosure,
the first organic light-emitting device 11 is disposed within
the display area 1, and the second organic light-emitting
device 21 is disposed within the information notification
area 2, so that a same process can be used when manufac-
turing the display panel so as to simultaneously form the first
organic light-emitting device 11 in the display area and the
second organic light-emitting device 21 in the information
notification area 2. This can avoid additionally setting an
LED light in the information notification area 2, thereby
simplifying the manufacturing process.

In addition, according to this embodiment of the present
disclosure, the second power voltage V2 for being supplied
to the second organic light-emitting device 21 has a smaller
value than the first power voltage V1 for being supplied to
the first organic light-emitting device 11. In this way, while
achieving the reminder function of the information notifi-
cation area 2, the power consumption of the information
notification area 2 can be reduced, and thus the overall
power consumption of the display panel can be reduced.

FIG. 5 is another equivalent circuit diagram of the second
organic light-emitting device located in the information
notification area during operation. As shown in FIG. 5, the
control circuit 22 includes a switch element 221 and a switch
control signal line 222. The switch element 221 has a control
terminal 2210 connected to the switch control signal line
222, a first terminal 2211 connected to an anode of the
second organic light-emitting device 21, and a second ter-
minal 2212 configured to receive a third power voltage V3.
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A cathode of the light-emitting device 21 is configured for
receive a fourth power voltage V4. A voltage difference
between the third power voltage V3 and the fourth power
voltage V4 forms the second power voltage V2, that is,
V3-V4=V2. When display is performed in the display
notification area 2 for reminding the user, the switch element
221 is switched on under control of a signal provided by the
switch control signal line 222, so that the voltages of the
third power voltage V3 and the fourth power voltage V4 are
transmitted to the anode and the cathode of the second
organic light-emitting device 21. In such a way, electrons
and holes are injected from the cathode and the anode to a
light-emitting layer located therebetween, respectively, and
electrons and holes meet in the light-emitting layer to form
excitons. Then, the excitons excite light-emitting molecules
in the light-emitting layer, and then the excited light-emit-
ting molecules emit visible light through radiation relax-
ation, which can be observed by the observer, thereby
achieving a reminder of the user.

FIG. 6 is a schematic diagram of a pixel driving circuit
according to an embodiment of the present disclosure. In an
example, as shown in FIG. 6, the pixel driving circuit 12
includes a driving transistor 121 and a power signal input
terminal 120. The first organic light-emitting device 11 has
a anode electrically connected to the power signal input
terminal 120 through the driving transistor 121, and the
power signal input terminal 120 is configured to receive a
fifth power voltage V5. The organic light-emitting device 11
further has a cathode configured to receive a sixth power
voltage V6. A voltage difference between the fifth power
voltage V5 and the sixth power voltage V6 forms the first
power voltage V1, that is, V5-V6=V1. An absolute value of
the third power voltage V3 is less than an absolute value of
the fifth power voltage V5. An absolute value of the fourth
power voltage V4 is less than an absolute value of the sixth
power voltage V6. That is, IV3I</V5| and IV41<IV6t. In
other words, in this embodiment of the present disclosure,
the second power voltage V2 is set to be less than the first
power voltage V1, the absolute value of the third power
voltage V3 is set to be less than the absolute value of the fifth
power voltage V5, and the absolute value of the fourth
power voltage V4 is set to be less than the absolute value of
the sixth power voltage V6, such that the power consump-
tion of the information notification area 2 can be further
reduced and thus the power consumption of the display
panel can be reduced.

In an example, as shown in FIG. 5, a plurality of second
organic light-emitting devices 21 is provided, and the plu-
rality of second organic light-emitting devices 21 is con-
nected to a same switch element 221. When adjusting the
brightness of an image in the information notification area 2,
the switch-on time of the switch element 221 can be adjusted
by adjusting the duty ratio of the control signal on the switch
control signal line 222, thereby adjusting the brightness of
an image to be displayed in the information notification area
2.

As shown in FIG. 5, the display panel further includes a
brightness adjustment device 4, and the brightness adjust-
ment device 4 is connected to the switch control signal line
222. When the display panel is in operation, the brightness
adjustment device 4 outputs a control signal to the switch
control signal line 222 according to information on the
brightness of the image to be displayed in the information
notification area 2, and the switch control signal line 222
uniformly adjusts the switch-on time of the switch element
221 according to a duty ratio of the control signal, so as to
adjust the brightness of the image to be displayed in the
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information notification area 2. This can facilitate adjust-
ment of the working state in the information notification area
2, thereby simplifying the operation. Moreover, in this
embodiment of the present disclosure, a duty ratio adjust-
ment manner is adopted. FIG. 7 is a waveform diagram of
a control signal transmitted through a switch control signal
line. As shown in FIG. 7, in an example, the switch element
221 is a P-type transistor, the switch element 221 is switched
on at a low level, and the switch element 221 is switched off
at a high level. The second organic light-emitting device 21
emits light when the switch element 221 is switched on, and
the second organic light-emitting device 21 does not emit
light when the switch element 221 is switched off. Since the
switching frequency of the switch element 221 is high, the
human eyes cannot feel the intermittent non-lighting phe-
nomenon under control of the control signal. Based on this,
in this embodiment of the present disclosure, the switch-on
time of the switch element 221 is adjusted in such a manner
that the emitting-light time of the second organic light-
emitting device 21 becomes longer when the switch-on time
becomes longer so that the brightness of the information
notification area 2 observed by the human eye becomes
larger, and that the emitting-light time of the second organic
light-emitting device 21 becomes shorter when the switch-
on time becomes shorter so that the brightness of the
information notification area 2 observed by the human eye
becomes smaller. In this way, the brightness of the image
displayed in the information notification area 2 can be
accurately and continuously controlled, so as to meet vari-
ous display requirements. The abovementioned switch ele-
ment 221 can also be an N-type transistor, and the brightness
of the image displayed in the information notification area 2
can be adjusted by adjusting the control signal, which will
not be limited in the embodiments of the present disclosure.

In another embodiment of the present disclosure, the
plurality of second organic light-emitting devices 21 can be
individually controlled. FIG. 8 is still another equivalent
circuit diagram of a second organic light-emitting device
located in the information notification area during operation.
As shown in FIG. 2 and FIG. 8, the plurality of second
organic light-emitting devices 21 includes a first color
organic light-emitting device 211, a second color organic
light-emitting device 212, and a third color organic light-
emitting device 213. The switch control signal lines 222
include a first color switch control signal line 2221, a second
color switch control signal line 2222, and a third color
switch control signal line 2223. Here, the control terminal of
the switch element 221 connected to the first color organic
light-emitting device 211 is connected to the first color
switch control signal line 2221, the control terminal of the
switch element 221 connected to the second color organic
light-emitting device 212 is connected to the second color
switch control signal line 2222, and the control terminal of
the switch element 221 connected to the third color organic
light-emitting device 213 is connected to the third color
switch control signal line 2223. That is, in this embodiment
of the present disclosure, the second organic light-emitting
devices of different colors are individually controlled so as
to adjust brightness of a single color of the displayed image,
thereby achieving adjustment of chromaticity of the dis-
played image.

However, the demand of consumers for information
reminder is not limited to brightness adjustment. For
example, it is needed to distinguish family contact informa-
tion from ordinary contact information, e.g., by indicating
family contact using a red indicator light and indicating
ordinary contact using a green indicator light. It may be also
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needed to distinguish among messages, WeChat and tele-
phone, e.g., by using indicator lights having different colors.
Therefore, the present disclosure provides a display panel in
which the color and brightness of the indicator light can be
adjusted.

As shown in FIG. 8, the display panel includes a chro-
maticity adjustment device 3 and a brightness adjustment
device 4. The working principle of the brightness adjustment
device 4 is the same as that of the embodiments shown in
FIG. 5, and details thereof will not be further described
herein. The chromaticity adjustment device 3 is connected to
the switch control signal lines 222. Here, the chromaticity
adjustment device 3 is individually connected to the first
color switch control signal line 2221, the second color
switch control signal line 2222, and the third color switch
control signal line 2223. When the display panel is in
operation, based on chromaticity information of an image to
be displayed in the information notification area 2, the
chromaticity adjustment device 3 outputs a first control
signal to the first color switch control signal line 2221,
outputs a second control signal to the second color switch
control signal line 2222, and outputs a third control signal to
the third color switch control signal line 2223. Then, the first
color switch control signal line 2221 adjusts the switch-on
time of the switch element 221 electrically connected to the
first color switch control signal line 2221 according to the
duty ratio of the first control signal, so as to achieve
adjustment of the brightness of the first color organic light-
emitting device 211 in the information notification area 2.
Similarly, the second color switch control signal line 2222
adjusts the switch-on time of the switch element 221 elec-
trically connected to the second color switch control signal
line 2222 according to the duty ratio of the second control
signal, so as to achieve adjustment of the brightness of the
second color organic light-emitting device 212 in the infor-
mation notification area 2. The third color switch control
signal line 2223 adjusts the switch-on time of the switch
element 221 electrically connected to the third color switch
control signal line 2223 according to the duty ratio of the
third control signal, so as to achieve adjustment of the
brightness of the third color organic light-emitting device
213 in the information notification area 2. In this embodi-
ment of the present disclosure, the chromaticity of the
displayed image in the information notification area 2 can be
adjusted by individually adjusting the brightness of the first
color organic light-emitting device 211, the brightness of the
second color organic light-emitting device 212 and the
brightness of the third color organic light-emitting device
213.

In an example, the abovementioned first color organic
light-emitting device 211 is a red organic light-emitting
device, the second color organic light-emitting device 212 is
a green organic light-emitting device, and the third color
organic light-emitting device 213 is a blue organic light-
emitting device. In this way, a variety of colors can be
displayed by mixing the second organic light-emitting
devices 21 of the three different colors in different brightness
ratios.

FIG. 9 is yet still another equivalent circuit diagram of a
second organic light-emitting device located in the informa-
tion notification area during operation. In an example, as
shown in FIG. 9, there are a plurality of first color switch
control signal lines 2221 provided and a plurality of first
color organic light-emitting devices 211 provided. The con-
trol terminals of the switch elements 221 connected to the
plurality of first color organic light-emitting devices 211 are
connected to the plurality of first color switch control signal
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lines 2221 in one-to-one correspondence. There are a plu-
rality of second color switch control signal lines 2222
provided and a plurality of second color organic light-
emitting devices 212 provided. The control terminals of the
switch elements 221 connected to the plurality of second
color organic light-emitting devices 212 are connected to the
plurality of the second color switch control signal lines 2222
in one-to-one correspondence. There are a plurality of third
color switch control signal lines 2223 provided and a
plurality of third color organic light-emitting devices 213
provided. The control terminals of the switch elements 221
connected to the plurality of third color organic light-
emitting devices 213 are connected to the plurality of third
color switch control signal lines 2223 in one-to-one corre-
spondence. That is, this embodiment of the present disclo-
sure individually adjusts the respective brightness of the
second organic light-emitting devices of different colors by
connecting the respective control terminals of the switch
elements connected to the second organic light-emitting
devices of different colors to different switch control signal
lines, and adjusts the brightness of a single color of the
displayed image by individually controlling the second
organic light-emitting devices of a same color, such that the
adjustment accuracy of the color of the displayed image can
be further improved and the display effect can be optimized.

As shown in FIG. 9, the display panel includes a chro-
maticity adjustment device 3 and a brightness adjustment
device 4. The working principle of the brightness adjustment
device 4 is the same as that of the embodiments shown in
FIG. 4, and details thereof will not be further described
herein. The chromaticity adjustment device 3 is individually
connected to each first color switch control signal line 2221,
each second color switch control signal line 2222, and each
third color switch control signal line 2223. When the display
panel is in operation, the chromaticity adjustment device 3
outputs control signals corresponding to different second
organic light-emitting devices 21 to the respective switch
control signal lines 221 according to the chromaticity infor-
mation of the image to be displayed in the information
notification area 2. Different switch control signal lines 222
connected to different second organic light-emitting devices
21 accordingly adjust the switch-on time of each switch
element 221 according to the duty ratios of different control
signals. By individually adjusting the colors displayed by
the first color organic light-emitting device 211, the second
color organic light-emitting device 212 and the third color
organic light-emitting device 213, adjustment of the chro-
maticity of the image displayed in the information notifica-
tion area 2 can be achieved, and thus accuracy of adjusting
the chromaticity can be improved.

In an embodiment, the light-emitting layers of the above-
mentioned organic light-emitting devices of different colors
can be made of a plurality of different light-emitting mate-
rials. According to different choices of light-emitting mate-
rials, the second power voltage Vj, which causes the red
organic light-emitting device to emit light, can be set to
satisfy 4,090V<V,=4.600V, the second power voltage V5,
which causes the green organic light-emitting device to emit
light, can be set to satisfy 3.550V=N;=4.600V, and the
second power voltage V, which causes the blue organic
light-emitting device to emit light, can be set to satisfy
3.725V<V=4,600V. In this way, when performing display
in the information notification area 2, the red organic light-
emitting device, the green organic light-emitting device and
the blue organic light-emitting device can be individually
supplied with power. For example, the red organic light-
emitting device can be supplied with a second power voltage
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of 4.090V, the green organic light-emitting device can be
supplied with a second power voltage of 3,550V, and the
blue organic light-emitting device can be supplied with a
second power voltage of 3,725V. If the second organic
light-emitting devices of different colors are supplied with a
same voltage, this voltage may be set in such a manner that
the second organic light-emitting device of each color can
emit light. For example, if the second organic light-emitting
devices of different colors described above are supplied with
a same voltage, this voltage needs to satisfy V=4.090V,
Compared with the case in which the green organic light-
emitting device may require for a second power voltage of
3.550V and the blue organic light-emitting device may
require for a second power voltage of 3.725V described
above when the second organic light-emitting devices of
different colors are individually powered, the power con-
sumption of the information notification area is larger if the
second organic light-emitting devices of different colors
described above are supplied with a same voltage. There-
fore, in this embodiment of the present disclosure, when
selecting light-emitting materials for the second organic
light-emitting devices of different colors, the light-emitting
materials of different colors satisfy the above conditions, so
that when performing display in the information notification
area 2, the second organic light-emitting devices of different
colors can be individually provided with a required power
voltage, so as to further reduce the power consumption of
the information notification area, thereby reducing the
power consumption of the display panel.

In an example, as shown in FIG. 1, the display panel
described above further has a first non-display area 51 and
a second non-display area 52. In a first direction X, the
display area 1 includes a first display area 101 and a second
display area 102. In a second direction v, the first non-
display area 51 and the second display area 102 are sequen-
tially arranged, and a sum of a length dl of the first
non-display area 51 and a length d2 of the second display
area 102 is equal to a length d3 of the first display area 101.
The second non-display area 52 is located at a side of the
second display area 102 facing away from the first non-
display area 51. The second non-display area 102 is pro-
vided with a driving chip 6. In such a setting manner, a
“notch zone”, as shown by the first non-display area 51 in
FIG. 1, can be formed on one side of the display panel. In
this way, elements such as a handset, a camera and the like
then can be placed at this position so as to increase an area
of the display area 1 in the display panel, thereby increasing
the screen occupancy ratio of the display panel.

In an example, as shown in FIG. 2, in this embodiment of
the present disclosure, the pixel driving circuit 12 can be
connected to the driving chip 6 through a first signal line 71.
The switch control signal line (not shown) in the control
circuit 22 is connected to the driving chip 6 through a second
signal line 72. That is, the pixel driving circuit 12 and the
control circuit 22 individually receive respective driving
signals from the driving chip 6, so that the display area 1 and
the information notification area 2 work individually without
affecting each other. Generally, when performing display in
the information notification area 2, the display area 1 is in a
non-display state. That is, the information notification func-
tion is generally switched on when the display panel is in a
screen-rest state. In this embodiment of the present disclo-
sure, the operation of the information notification area 2 and
the operation of the display area 1 are individually con-
trolled by the driving chip 6. As described above, in con-
junction with FIG. 3 and FIG. 4, the second power voltage
V2 applied to the information notification area 2 is set to be
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less than the first power voltage V1 supplied to the display
area 1. In this way, when the second power voltage V2 is
supplied to the second organic light-emitting device 21
disposed in the information notification area 2, the first
organic light-emitting device 11 located in the display area
1, which should not emit light, can be prevented from
emitting light, that is, light emitting in the display area 1 can
be avoided. Further, when performing display in the infor-
mation notification area 2, since the first organic light-
emitting device 11 in the display area 1 does not emit light,
the power consumption of the display panel can be reduced.

In an embodiment, the information notification area 2 can
be arranged at multiple positions in the display panel accord-
ing to different requirements from the users. For example, as
shown in FIG. 1, the information notification area 2 can be
arranged in the first non-display area 51 or in the second
non-display area 52, or the information notification area 2
can be arranged both in the first non-display area 51 and in
the second non-display area 52. The specific position of the
information notification area 2 is not limited in this embodi-
ment of the present disclosure, as long as the information
notification area 2 can be distinguished from the content
displayed in display area 1.

In an example, the control circuit 22 and the second
organic light-emitting device 21 may also be set to have
various positions. For example, as shown in FIG. 2, both the
control circuit 22 and the second organic light-emitting
device 21 are arranged in the information notification area.
Moreover, in this embodiment of the present disclosure, the
second organic light-emitting device 22 overlaps with the
switch element 221, so as to prevent the information noti-
fication area 2 from occupying an excessive area, thereby
guaranteeing the area of the display area 1 and thus improv-
ing the screen occupancy ratio of the display panel.

In another embodiment, as shown in FIG. 1, the display
panel described above further has a third non-display area 53
provided with a peripheral circuit 8. The third non-display
area 53 is located at a side of the first display area 101 facing
away from the second display area 102. The control circuit
22 can be disposed at any position in the third non-display
area 53 that does not overlap the peripheral circuit 8. As
described above, the information notification area 2 can be
disposed in the first non-display area 51 and/or the second
non-display area. That is, the second organic light-emitting
device 21 can be disposed in the first non-display area 51
and/or the second non-display area 52. In this embodiment
of the present disclosure, a connection line 81 may be further
provided to connect a first terminal of a switch element (not
shown) in the control circuit 22 located in the third non-
display area 53 to an anode of the second organic light-
emitting device (not shown) located in the information
notification area 2.

In an example, as shown in FIG. 2, the second organic
light-emitting device 21 has a larger area than that of the first
organic light-emitting device 11, so as to reduce the number
of the second organic light-emitting devices 21 arranged in
the limited space of the information notification area 2,
thereby further reducing the power consumption of the
information notification area 2 and thus reducing the power
consumption of the display panel.

In an embodiment of the present disclosure, a display
control method for a display panel is further provided. The
structure of the display panel has been described, and details
thereof will not be further described herein. The display
control method includes following steps.
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At Step S1, a first power voltage is provided to the pixel
driving circuit,

At Step S2, a second power voltage is provided to the
control circuit.

Herein, the second power voltage is less than the first
power voltage.

Tt should be noted that, in this embodiment of the present
disclosure, the sequence of step S1 and step S2 is not
limited. That is, it is possible to perform step S1 first and
then step S2, or to perform step S2 first and then step S1, or
to perform step S1 and step S2 at the same time. The
embodiments of the present disclosure make no limitations
herein.

With the display control method provided by this embodi-
ment of the present disclosure, the second power voltage
supplied to the second organic light-emitting device is set to
be less than the first power voltage supplied to the first
organic light-emitting device, so that the power consump-
tion of the information notification area can be reduced
while achieving the reminder function of the information
notification area, thereby reducing the power consumption
of the overall display panel.

In an example, the method further includes steps follow-
ing the second power voltage V2 being applied to the control
circuit 22.

At Step S3, a first control signal is output to the first color
switch control signal line 2221 according to the chromi-
nance information of the image to be displayed in the
information notification area 2, and the switch-on time of the
switch element 221 connected to the first color organic
light-emitting device 211 is adjusted according to the duty
ratio of the first control signal.

At Step S4, a second control signal is output to the second
color switch control signal line 2222 according to the
chrominance information of the image to be displayed in the
information notification area 2, and the switch-on time of the
switch element connected to the second color organic light-
emitting device 212 is adjusted according to the duty ratio of
the second control signal.

At Step S5, a third control signal is output to the third
color switch control signal line 2223 according to the
chrominance information of the image to be displayed in the
information notification area 2, and the switch-on time of
switch element 221 connected to the third color organic
light-emitting device 213 is adjusted according to the duty
ratio of the third control signal.

It should be understood that the sequence of step S3, step
S4 and step S5 is not limited herein. That is, it is possible to
perform step S3 first and then step S4 and step S5, or to
perform step S3 first and then step S5 and step S4, or to
perform step S5 first and then step S3 and step S4, or to
perform step S3, step S4 and step S5 at the same time. The
embodiments of the present disclosure do not make limita-
tions herein. In this embodiment of the present disclosure,
the second organic light-emitting devices of different colors
are individually controlled to adjust the brightness of a
single color of the displayed image, thereby achieving
adjustment of the chromaticity of the displayed image.

In an embodiment, the method may further include the
following step following the second power voltage V2 being
provided to the control circuit 22.

At Step 87, a control signal is output to the switch control
signal line according to the brightness information of the
image to be displayed in the information notification area 2,
and the switch-on time of the switch element 221 is adjusted
according to the duty ratio of the control signal. In this
embodiment of the present disclosure, the control of a
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voltage average value of the voltage signals applied to the
second organic light-emitting device 21 is achieved by
adjusting the duty ratio, i.e., by controlling a ratio between
the switch-on time and the switched-off time of the switch
element 221. In this way, the present disclosure can achieve
accurate and continuous control of the brightness of the
displayed image in the information notification area 2,
thereby facilitating meeting different display requirements.

In an embodiment of the present disclosure, a display
device is further provided. FIG. 10 is a schematic diagram
of a display device according to an embodiment of the
present disclosure. As shown in FIG. 10, the display device
includes the display panel 100 described above, and the
display panel 100 has an information notification area 2. The
structure of the display panel 100 has been described in the
above embodiments, and details thereof will not be further
described herein. It should be noted that the display device
shown in FIG. 10 is merely illustrative, and the display
device can be any electronic device having a display func-
tion, such as a cellphone, a tablet computer, a notebook
computer, an electronic paper book, or a television.

The display device provided by this embodiment of the
present disclosure has a display area and an information
notification area. When the display panel is in operation, the
first organic light-emitting device located in the display area
emits light so as to allow the display panel to display an
image, and the second organic light-emitting device located
in the information notification area emits light so as to
remind the user the current working state of the display
device formed by the display panel, for example, to remind
whether the display device is being charged or whether there
are items such as missed calls or unread messages. This can
enrich the use of the display panel and meet the diverse
needs of users.

Moreover, in this embodiment of the present disclosure,
the first organic light-emitting device is disposed within the
display area, and the second organic light-emitting device is
disposed within the information notification area, so that a
same process can be used when manufacturing the display
panel so as to simultaneously form the first organic light-
emitting device in the display area and the second organic
light-emitting device in the information notification area.
This can avoid additionally setting an LED light in the
information notification area, thereby simplifying the manu-
facturing process.

In addition, according to this embodiment of the present
disclosure, the second power voltage for being supplied to
the second organic light-emitting device has a smaller value
than the first power voltage for being supplied to the first
organic light-emitting device. In this way, while achieving
the reminder function of the information notification area,
the power consumption of the information notification area
can be reduced, and thus the overall power consumption of
the display panel can be reduced.

What is claimed is:

1. A display panel, wherein the display panel has a display
area and an information notification area, the display panel
comprises:

a first organic light-emitting device arranged in the dis-

play area;

a pixel driving circuit arranged in the display area,
wherein the pixel driving circuit is configured to
receive a first power voltage; and

at least one second organic light-emitting device arranged
in the information notification area, wherein each of the
at least one second organic light-emitting device is
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electrically connected to a control circuit, and the
control circuit is configured to receive a second power
voltage,

wherein the second power voltage is less than the first

power voltage;

wherein the pixel driving circuit is different from the

control circuit; and

wherein the control circuit comprises at least one switch

element and at least one switch control signal line
which provides a switch control signal, wherein the at
least one switch control signal line adjusts switch-on
time of one of the at least one switch element according
to a duty ratio of the switch control signal, and each of
the at least one switch element has a control terminal
directly connected to one of the at least one switch
control signal line.

2. The display panel according to claim 1, wherein

each of the at least one switch element further comprises

a first terminal connected to an anode of a respective
one of the at least one second organic light-emitting
device, and a second terminal configured to receive a
third power voltage,

each of the at least one second organic light-emitting

device has a cathode configured to receive a fourth
power voltage, and

the second power voltage is formed by a voltage differ-

ence between the third power voltage and the fourth
power voltage.

3. The display panel according to claim 2, wherein the
pixel driving circuit comprises a driving transistor and a
power signal input terminal, the first organic light-emitting
device has an anode electrically connected to the power
signal input terminal through the driving transistor, and the
power signal input terminal is configured to receive a fifth
power voltage; the first organic light-emitting device further
has a cathode configured to receive a sixth power voltage;
and the first power voltage is formed by a voltage difference
between the fifth power voltage and the sixth power voltage,

the third power voltage has an absolute value less than an

absolute value of the fifth power voltage, and

the fourth power voltage has an absolute value less than

an absolute value of the sixth power voltage.

4. The display panel according to claim 2, wherein the at
least one second organic light-emitting device comprises a
plurality of second organic light-emitting devices, and the
plurality of second organic light-emitting devices is electri-
cally connected to one of the at least one switch element.

5. The display panel according to claim 2, wherein the at
least one second organic light-emitting device comprises at
least one first color organic light-emitting device, at least
one second color organic light-emitting device and at least
one third color organic light-emitting device,

the at least one switch control signal line comprises at

least one first color switch control signal line, at least
one second color switch control signal line and at least
one third color switch control signal line,

the control terminal of each of the at least one switch

element connected to one or more of the at least one
first color organic light-emitting device is connected to
one of the at least one first color switch control signal
line;

the control terminal of each of the at least one switch

element connected to one or more of the at least one
second color organic light-emitting device is connected
to one of the at least one second color switch control
signal line; and
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the control terminal of each of the at least one switch
element connected to one or more of the at least one
third color organic light-emitting device is connected to
one of the at least one third color switch control signal
line.

6. The display panel according to claim 5, wherein

the at least one first color switch control signal line
comprises a plurality of first color switch control signal
lines, the at least one first color organic light-emitting
device comprises a plurality of first color organic
light-emitting devices, and the control terminals of the
at least one switch element connected to the plurality of
first color organic light-emitting devices are connected
to the plurality of first color switch control signal lines
in one-to-one correspondence;

the at least one second color switch control signal line
comprises a plurality of second color switch control
signal lines, the at least one second color organic
light-emitting device comprises a plurality of second
color organic light-emitting devices, and the control
terminals of the at least one switch element connected
to the plurality of second color organic light-emitting
devices are connected to the plurality of second color
switch control signal lines in one-to-one correspon-
dence; and

the at least one third color switch control signal line
comprises a plurality of third color switch control
signal lines, the at least one third color organic light-
emitting device comprises a plurality of third color
organic light-emitting devices, and the control termi-
nals of the at least one switch element connected to the
plurality of third color organic light-emitting devices
are connected to the plurality of third color switch
control signal lines in one-to-one correspondence.

7. The display panel according to claim 5, wherein the

display panel further comprises a chromaticity adjustment

device;

the chromaticity adjustment device is individually con-
nected to each of the at least one first color switch
control signal line, the at least one second color switch
control signal line, and the at least one third color
switch control signal line;

the chromaticity adjustment device is configured to output
a first control signal to the at least one first color switch
control signal line, to output a second control signal to
the at least one second color switch control signal line,
and to output a third control signal to the at least one
third color switch control signal line, according to
chrominance information of an image to be displayed
in the information notification area;

the at least one first color switch control signal line adjusts
switch-on time of one of the at least one switch element
electrically connected to the at least one first color
switch control signal line according to a duty ratio of
the first control signal;

the at least one second color switch control signal line
adjusts switch-on time of one of the at least one switch
element electrically connected to the at least one sec-
ond color switch control signal line according to a duty
ratio of the second control signal; and

the at least one third color switch control signal line
adjusts switch-on time of one of the at least one switch
element electrically connected to the at least one third
color switch control signal line according to a duty ratio
of the third control signal.
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8. The display panel according to claim 2, wherein the
display panel further comprises a brightness adjustment
device;

the brightness adjustment device is connected to the at

least one switch control signal line, and the brightness
adjustment device is configured to output the switch
control signal to the at least one switch control signal
line according to brightness information of an image to
be displayed in the information notification area.

9. The display panel according to claim 5, wherein the at
least one first color organic light-emitting device comprises
a red organic light-emitting device, the at least one second
color organic light-emitting device comprises a green
organic light-emitting device, and the at least one third color
organic light-emitting device comprises a blue organic light-
emitting device.

10. The display panel according to claim 9, wherein

the second power voltage V, for causing the red organic

light-emitting device to emit light satisfies
4.090V<V,=4.600V;

the second power voltage V for causing the green

organic light-emitting device to emit light satisfies
3.550V=sV 5=4.600V; and

the second power voltage V, for causing the blue organic

light-emitting device to emit light satisfies
3.725V<V=4.600V.

11. The display panel according to claim 2, wherein the
display panel further has a first non-display area and a
second non-display area;

the display area comprises a first display area and a

second display area along a first direction;

the first non-display area and the second display area are

sequentially arranged along a second direction, and a
sum of a length of the first non-display area in the
second direction and a length of the second display area
in the second direction is equal to a length of the first
display area in the second direction;

the second non-display area is located at a side of the

second display area facing away from the first non-
display area;

the display panel further comprises a driving chip

arranged in the second non-display area,

the pixel driving circuit is connected to the driving chip

through a first signal line, and the at least one switch
control signal line is connected to the driving chip
through a second signal line, and

the information notification area is located in the first

non-display area and/or the second non-display area.

12. The display panel according to claim 11, wherein the
display panel further has a third non-display area, and the
third non-display area is located at a side of the first display
area facing away from the second display area;

the display panel further comprises a peripheral circuit

arranged in the third non-display area, the control
circuit is located in the third non-display area, the
control circuit does not overlap with the peripheral
circuit, and the first terminal of each of the at least one
switch element is connected to the anode of a respec-
tive one of the at least one second organic light-
emitting device through a connection line.

13. The display panel according to claim 1, wherein the
control circuit is located in the information notification area,
and the at least one second organic light-emitting device
overlaps with the at least one switch element, and wherein
each of the at least one second organic light-emitting device
has an area greater than an area of the first organic light-
emitting device.
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14. A display control method for a display panel, wherein
the display panel has a display area and an information
notification area, the display panel comprises: a first organic
light-emitting device, a pixel driving circuit and at least one
second organic light-emitting device, the first organic light-
emitting device and the pixel driving circuit are arranged in
the display area, the at least one second organic light-
emitting device is arranged in the information notification
area, each of the at least one second organic light-emitting
device is electrically connected to a control circuit, the pixel
driving circuit is different from the control circuit, the
control circuit comprises at least one switch element and at
least one switch control signal line which provides a switch
control signal, wherein the at least one switch control signal
line adjusts switch-on time of one of the at least one switch
element according to a duty ratio of the switch control
signal, and each of the at least one switch element has a
control terminal directly connected to one of the at least one
switch control signal line;

wherein the display control method comprises:

providing a first power voltage to the pixel driving circuit;

and

providing a second power voltage to the control circuit,

wherein the second power voltage is less than the first

power voltage.

15. The display control method according to claim 14,
wherein each of the at least one switch element further
comprises a first terminal connected to an anode of a
respective one of the at least one second organic light-
emitting device, and a second terminal configured to receive
a third power voltage,

each of the at least one second organic light-emitting

device has a cathode configured to receive a fourth
power voltage, and

the second power voltage is formed by a voltage differ-

ence between the third power voltage and the fourth
power voltage.

16. The display control method according to claim 15,
wherein the at least one second organic light-emitting device
comprises a plurality of second organic light-emitting
devices, and the plurality of second organic light-emitting
devices is electrically connected to one of the at least one
switch element.

17. The display control method according to claim 16,
wherein the at least one second organic light-emitting device
comprises at least one first color organic light-emitting
device, at least one second color organic light-emitting
device and at least one third color organic light-emitting
device,

the at least one switch control signal line comprises at

least one first color switch control signal line, at least
one second color switch control signal line and at least
one third color switch control signal line,

the control terminal of each of the at least one switch

element connected to one or more of the at least one
first color organic light-emitting device is connected to
one of the at least one first color switch control signal
line;

the control terminal of each of the at least one switch

element connected to one or more of the at least one
second color organic light-emitting device is connected
to one of the at least one second color switch control
signal line;

the control terminal of each of the at least one switch

element connected to one or more of the at least one
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third color organic light-emitting device is connected to
one of the at least one third color switch control signal
line,

the at least one first color switch control signal line
comprises a plurality of first color switch control signal
lines, the at least one first color organic light-emitting
device comprises a plurality of first color organic
light-emitting devices, and the control terminals of the
at least one switch element connected to the plurality of
first color organic light-emitting devices are connected
to the plurality of first color switch control signal lines
in one-to-one correspondence;

the at least one second color switch control signal line
comprises a plurality of second color switch control
signal lines, the at least one second color organic
light-emitting device comprises a plurality of second
color organic light-emitting devices, and the respective
control terminals of the at least one switch element
connected to the plurality of second color organic
light-emitting devices are connected to the plurality of
second color switch control signal lines in one-to-one
correspondence; and

the at least one third color switch control signal line
comprises a plurality of third color switch control
signal lines, the at least one third color organic light-
emitting device comprises a plurality of third color
organic light-emitting devices, and the control termi-
nals of the at least one switch element connected to the
plurality of third color organic light-emitting devices
are connected to the plurality of third color switch
control signal lines in one-to-one correspondence.

18. The display control method according to claim 17,

5 further comprising, after providing the second power volt-

age to the control circuit:
outputting a first control signal to the at least one first
color switch control signal line according to chromi-
nance information of an image to be displayed in the
information notification area, and adjusting switch-on
time of one of the at least one switch element connected
to the at least one first color switch control signal line
according to a duty ratio of the first control signal;
outputting a second control signal to the at least one
second color switch control signal line according to
chrominance information of an image to be displayed
in the information notification area, and adjusting
switch-on time of one of the at least one switch element
connected to the at least one second color switch
control signal line according to a duty ratio of the
second control signal; and
outputting a third control signal to the at least one third
color switch control signal line according to chromi-
nance information of an image to be displayed in the
information notification area, and adjusting switch-on
time of one of the at least one switch element connected
to the at least one third color switch control signal line
according to a duty ratio of the third control signal.
19. The display control method according to claim 15,
further comprising, after providing the second power volt-
age to the control circuit:
outputting a control signal to the at least one switch
control signal line according to brightness information
of an image to be displayed in the information notifi-
cation area, and adjusting switch-on time of one of the
at least one switch element according to a duty ratio of
the control signal.
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20. A display device, comprising:

a display panel, wherein the display panel has a display
area and an information notification area, and the
display panel comprises:

a first organic light-emitting device arranged in the dis- 5
play area;

a pixel driving circuit arranged in the display area,
wherein the pixel driving circuit is configured to
receive a first power voltage; and

at least one second organic light-emitting device arranged 10
in the information notification area, wherein each of the
at least one second organic light-emitting device is
electrically connected to a control circuit, and the
control circuit is configured to receive a second power
voltage, 15

wherein the second power voltage is less than the first
power voltage;

wherein the pixel driving circuit is different from the
control circuit; and

wherein the control circuit comprises at least one switch 20
element and at least one switch control signal line
which provides a switch control signal, wherein the at
least one switch control signal line adjusts switch-on
time of one of the at least one switch element according
to a duty ratio of the switch control signal, and each of 25
the at least one switch element has a control terminal
directly connected to one of the at least one switch
control signal line.

* % % k¥



LR EH(F)

RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

KRN

S EREESE

BEG®)

ENFRET -HERARNEREE, STEREEERKEMER
BAXE., SRERESE  S-E6VEKEE  HABEES RS, 22
URE-ANELEEB, SERDRRFBESAXES , HEEER

o e B A B R —
ERBAREG, EL—NMEBNRLEBINES  RERTRS®
B B ZRsaRERENBERE-—BREE, S-RREENTE

- EE;;‘E\ EE;EO

ERERMEREE

US10692436 ACIIOUN =]
US16/249904 RiEH
HIXKREHEFERAT

BN REHMEFHERAE.

EIXKE B FERATR.

LI YUE
ZHOU XINGYAO
GAO YANA

LI, YUE
ZHOU, XINGYAO
GAO, YANA

G09G3/3258 G09G3/20 G09G5/14 G09G3/14 HO1L27/32

patsnap

2020-06-23

2019-01-17

G09G3/3258 HO1L27/3202 G09G5/14 G09G3/14 HO1L27/3211 G09G3/2003 G09G2330/021

G09G2320/0666 G09G2320/0646 G09G3/3208
EDWARDS , MARK

201811159710.3 2018-09-30 CN

US20190147802A1

Espacenet

N

i
=Y

BREE. EL-—MEZBHIRABRNHHER

nnd
o Ry T

(,—-/

T ey

i

[OOSR |



https://share-analytics.zhihuiya.com/view/bcaa551a-fce2-4f69-b6bb-26ab506f1f2f
https://worldwide.espacenet.com/patent/search/family/064814224/publication/US10692436B2?q=US10692436B2

