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(57) ABSTRACT

The present invention provides a liquid crystal display
(LCD) panel, a display module, and an electronic device.
The LCD panel includes predetermined electrodes con-
nected to power supply voltages. A sub-display region
includes at least one pixel column and is arranged corre-
sponding to at least one of the predetermined electrode. The
power supply voltages connected to the predetermined elec-
trodes in the same sub-display region are equal. The power
supply voltage in the sub-display region located in the
middle of the LCD panel is different from the power supply
voltages in the sub-display regions located on two sides of
the LCD panel.
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LIQUID CRYSTAL DISPLAY PANEL,
DISPLAY MODULE, AND ELECTRONIC
DEVICE

FIELD OF DISCLOSURE

[0001] The present invention relates to a filed of display
technology and in particular, to a liquid crystal display
panel, a display module, and an electronic device.

DESCRIPTION OF RELATED ART

[0002] For vertical alignment (VA) liquid crystal display
(LCD) panels, liquid crystal molecules have large differ-
ences in birefringence at different viewing angles, a large
color shift is likely to occur.

[0003] At present, 8-domain display technology is usually
used to improve the viewing angles, that is, one pixel
includes a main pixel region and a sub-pixel region, the pixel
electrodes of the main pixel region and the sub-pixel region
both have a double-cross shape (similar to a union jack
pattern), and each pixel region has four display domains. By
adding a transistor in the sub-pixel region, part of a voltage
of the sub-pixel region is released to a predetermined
electrode (sharebar), so that the voltages of the two pixel
regions are different, thereby generating a difference in
rotation angles of the liquid crystal molecules, and improv-
ing the viewing angles.

[0004] However, at present, voltages input to all the pre-
determined electrodes are the same. Consequently, when a
size of the display panel is increased, the viewing angle
cannot be effectively improved.

[0005] Therefore, it is necessary to provide a liquid crystal
display panel, a display module and an electronic device to
solve the problems in conventional techniques.

SUMMARY

[0006] Itis an objective of the present invention to provide
a liquid crystal display (LCD) panel, a display module, and
an electronic device, which can effectively improve viewing
angles of a large-size display panel and avoid a color shift.
[0007] Accordingly, the present invention provides a lig-
uid crystal display (LCD) panel comprising a display region,
the LCD panel comprising:

[0008] aplurality of pixels arranged in an array, wherein
the pixels are arranged in a plurality of columns of the
array, each of the pixels comprises a main pixel region
and a sub-pixel region, a brightness of the sub-pixel
region is less than a brightness of the main pixel region,
and the main pixel region is connected to a correspond-
ing data line and a corresponding scan line;

[0009] a plurality of predetermined electrodes, wherein
each of the predetermined electrodes is connected to a
power supply voltage, the sub-pixel region is connected
to the corresponding data line, the corresponding scan
line, and one of the predetermined electrodes corre-
sponding to the pixel for sharing electric charges in the
sub-pixel region; and

[0010] a plurality of sub-display regions, wherein each
of the sub-display regions comprises at least one pixel
column and arranged corresponding to at least one of
the predetermined electrodes, the power supply volt-
ages connected to the predetermined electrodes in a
same one of the sub-display regions are equal, and the
power supply voltage in the sub-display region located

Oct. 14, 2021

in a middle of the LCD panel is different from the
power supply voltages in the sub-display regions
located on two sides of the LCD panel.
[0011] The present invention further provides a display
module comprising the above-mentioned liquid crystal dis-
play (LCD) panel.
[0012] The present invention further provides an elec-
tronic device comprising the above-mentioned display mod-
ule.
[0013] Since the power supply voltage in the sub-display
region located in the middle of the LCD panel is different
from the power supply voltages in the sub-display regions
on two sides of the LCD panel, so that rotation angles of the
liquid crystals are unequal, and viewing angles is effectively
improved.

BRIEF DESCRIPTION OF DRAWINGS

[0014] In order to more clearly illustrate the embodiments
of the present disclosure or related art, figures which will be
described in the embodiments are briefly introduced here-
inafter. It is obvious that the drawings are merely for the
purposes of illustrating some embodiments of the present
disclosure, and a person having ordinary skill in this field
can obtain other figures according to these figures without
inventive work.

[0015] FIG. 1 is an equivalent circuit diagram of a pixel in
a conventional liquid crystal display (LCD) panel.

[0016] FIG. 2 is a top view illustrating an LCD panel
according to one embodiment of the present invention.
[0017] FIG. 3 is an equivalent circuit diagram of a pixel in
the LCD panel according to one embodiment of the present
invention.

[0018] FIG. 4 is a top view illustrating the LCD panel
according to another embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] A description is provided below with reference to
specific embodiments of the present invention and in con-
junction of the accompanying drawings. Directional terms
described by the present invention, such as “upper”,
“lower”, “front”, “rear”, “left”, “right”, “inner”, “outer”, and
“lateral”, are only for illustrative purposes based on the
accompanying drawings, and thus the directional terms are
used to describe and understand the present invention, but
are not intended to limit the present invention. In the
drawings, structurally similar elements are denoted by the
same reference numerals.

[0020] From a top view, a conventional display panel
comprises multiple pixels, multiple scan lines, multiple data
lines, and multiple predetermined electrodes. A cross-sec-
tional structure of the display panel includes an array
substrate, a color filter substrate, and a liquid crystal layer
between the array substrate and the color filter substrate. As
shown in FIG. 1, each of the pixels comprises a main pixel
region 101 and a sub-pixel region 102. The main pixel
region 101 includes a first transistor T1 whose gate is
connected to a corresponding scan line 11. A source of the
first transistor T1 is connected to a corresponding data line
12, and a drain is connected to a first electrode plate of a first
liquid crystal capacitor Clcl and a first electrode plate of a
first storage capacitor Cstl. The first liquid crystal capacitor
Clel is formed between the pixel electrode in the main pixel
region 101 and a first common electrode, and the first
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storage capacitor Cstl is formed between the pixel electrode
in the main pixel region 101 and a second common elec-
trode.

[0021] The sub-pixel region 102 comprises a second tran-
sistor T2 and a third transistor T3. A gate of the second
transistor T2 is connected to the corresponding scan line 11,
and a source of the second transistor T2 is connected to the
corresponding data line 12. A gate of the third transistor T3
is connected to the corresponding scan line 11, a drain of the
third transistor T3 is connected to a predetermined electrode
13, and a source of the third transistor T3 is connected to a
drain of the second transistor T2. The drain of the second
transistor T2 is connected to a first electrode plate of a
second liquid crystal capacitor Clc2 and a first electrode
plate of a second storage capacitor Cst2. The second liquid
crystal capacitor Cle2 is formed between the pixel electrode
in the sub-pixel region 102 and the first common electrode,
and the second storage capacitor Cst2 is formed between the
pixel electrode in the sub-pixel region 102 and the second
common electrode. The first common electrode is a common
electrode on a side of the array substrate, and the second
electrode may be a common electrode on a side of the color
filter substrate.

[0022] Please refer to FIGS. 2 to 4. FIG. 2 is a top view
illustrating an LCD panel according to one embodiment of
the present invention.

[0023] As shown in FIGS. 2 and 3, the LCD panel of the
present embodiment comprises a plurality of sub-display
regions Al to An, a plurality of pixels 20 arranged in an
array, and a plurality of predetermined electrodes 21.

[0024] The pixels 20 are connected to the corresponding
scan lines 11 and the corresponding data lines 12. In one
embodiment, each row of the pixels 20 is arranged corre-
sponding to one of the scan lines 11, and each column of the
pixels 20 is arranged corresponding to one of the data lines
12. The pixels 20 arranged in an array have a plurality of
pixel columns P1 to P3, that is, the pixels are arranged in a
plurality of columns. Only three columns of the pixels are
shown in FIG. 3; however, the present invention is not
limited in this regard.

[0025] Each of the pixels 20 comprises a main pixel region
101 and a sub-pixel region 102, brightness of the sub-pixel
region 102 is lower than brightness of the main pixel region
101. The main pixel region 101 is connected to the corre-
sponding data line 12 and the corresponding scan line 11.
Each of the sub-pixel regions 102 is respectively connected
to the corresponding data line 12, the corresponding scan
line 11, and the predetermined electrode 21 corresponding to
the pixel to share electric charges in the sub-pixel region
102. The predetermined electrode 21 corresponding to the
pixel is a predetermined electrode corresponding to the
sub-display region where the pixel is located.

[0026] In one embodiment, as shown in FIG. 3, the main
pixel region 101 comprises a first transistor T1. A gate of the
first transistor T1 is connected to the corresponding scan line
11, a source of the first transistor T1 of the first transistor T1
is connected to the corresponding data line 12, a drain of the
first transistor T1 is connected to a first electrode plate of a
first liquid crystal capacitor Clcl and a first electrode of a
first storage capacitor Cstl. The first liquid crystal capacitor
Clel is formed between the pixel electrode in the main pixel
region 101 and a first common electrode, and the first
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storage capacitor Cstl is formed between the pixel electrode
in the main pixel region 101 and a second common elec-
trode.

[0027] The sub-pixel region 102 comprises a second tran-
sistor T2 and a third transistor T3. A gate of the second
transistor T2 is connected to the corresponding scan line 11,
and a source of the second transistor T2 is connected to the
corresponding data line 12. A drain of the second transistor
T2 is connected to a first electrode plate of a second liquid
crystal capacitor Clc2 and a first electrode plate of a second
storage capacitor Cst2. The second liquid crystal capacitor
Clc2 is formed between the pixel electrode in the sub-pixel
region 102 and the first common electrode, and the second
storage capacitor Cst2 is formed between the pixel electrode
in the sub-pixel region 102 and the second common elec-
trode.

[0028] A gate of the third transistor T3 is connected to the
corresponding scan line 11, a drain of the third transistor T3
is connected to the corresponding predetermined electrode
21, and a source of the third transistor T3 is connected to the
drain of the second transistor T2.

[0029] When the third transistor T3 is turned on, part of
the voltage in the sub-pixel region 102 enters the predeter-
mined electrode 21, thereby making the brightness of the
sub-pixel region 102 darker. Certainly, the pixel is not
limited to this particular equivalent circuit structure.
[0030] The predetermined electrode 21 is connected to a
power supply voltage S. The power supply voltage S can be
a direct current (DC) power supply voltage. For example,
the power supply voltage ranges from 5V to 10V. In one
embodiment, each column of the pixels is arranged corre-
sponding to one predetermined electrode 21. The predeter-
mined electrodes 21 are arranged corresponding to the pixel
columns P1 to P3.

[0031] Each of the sub-display regions Al to An com-
prises at least one pixel column, and the sub-display region
is arranged corresponding to at least one predetermined
electrode 21. In one embodiment, one of the sub-display
regions comprises multiple pixel columns. Taking the sub-
display region A1 as an example, it can include two or more
pixel columns. The power supply voltages connected to the
predetermined electrodes 21 in the same sub-display region
are equal. In an example where each pixel column is
arranged corresponding to one predetermined electrode,
each sub-display region is arranged corresponding to mul-
tiple predetermined electrodes. For example, each of the
predetermined electrode 21 located in the sub-display region
Al is connected to the same power supply voltage. That is,
each sub-display region is connected to one power supply
voltage, and the power supply voltage in the sub-display
region located in a middle of the LCD panel is different from
the power supply voltage in the sub-display regions located
on two sides of the LCD panel. For example, referring to
FIG. 4, the power supply voltages connected to the sub-
display regions Al to A12 are S1 to S12, wherein S12, S11,
S10, S9, and S8 are different from S7 and S6, and S1, S2,
S3, S4, and S5 are all different from S7 and S6.

[0032] In one embodiment, S12, S11, S10, S9, and S8 can
all be equal or unequal, and S1, S2, S3, S4, and S5 can all
be equal or unequal.

[0033] In one embodiment, in order to improve the uni-
formity of the brightness, the power supply voltages of the
sub-display regions are increased from two sides of the LCD
panel to the middle, wherein S12<S1<S10<S9<S8<S7;
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S1<S2<83<84<S5<S6, thereby improving viewing angles
for rotation angles of liquid crystals vary in a gradient
manner. In one embodiment, S7=S6, and certainly, S7 can be
unequal to S6.

[0034] In one embodiment, in order to improve the uni-
formity of transmittance, the sub-display regions comprise
two middle sub-display regions A6 and A7, and a plurality
of first side regions A1l to A5, and a plurality of second side
regions A8 to A12. The middle sub-display regions A6 or A7
cover a geometric center of the display region (that is, the
geometric center of a rectangle), or the geometric center is
disposed in the middle sub-display regions A6 and A7. The
first side regions are arranged on a first side with respect to
the middle sub-display regions, and the second side regions
are arranged on a second side with respect to the middle
sub-display regions. In one embodiment, the first side is a
left side and the second side is a right side. The number of
middle sub-display regions is not limited by this embodi-
ment. The number of the first side regions can be one or
more, and the number of the second side regions can also be
one or more.

[0035] The first side region and the second side region
equidistant (with a same distance) from the middle sub-
display region are of the same power supply voltage. In one
embodiment, when the number of middle sub-display
regions is an even number, the distance is a minimum
distance. A12 and Al have the same distance from the
middle sub-display region; this applies to the rest side
regions, where S12=81, S11=82, S19=S3, S9=84, S8=SS5,
and S7=86.

[0036] Inone embodiment, in order to further improve the
uniformity of the transmittance, the power supply voltages
of the first side region and the second side region which are
equidistant from the middle sub-display region are arranged
symmetrically with respect to the middle sub-display region.
That is, the number of the first side regions is equal to the
number of the second side regions. An area of the first side
region is equal to an area of the second side region, so that
the brightness from the left and right sides is symmetrical.
[0037] Inone embodiment, in order to further improve the
uniformity of the transmittance, a difference between the
power supply voltages of two adjacent sub-display regions
is less than or equal to 0.1.

[0038] Inone embodiment, in order to further improve the
uniformity of the transmittance, each of the sub-display
regions Al to A12 has a same area. In other embodiments,
the areas of the sub-display regions can be not equal or
partially equal.

[0039] In other embodiments, as shown in FIG. 2, the
display panel comprises n sub-display regions Al to An. One
sub-display region is arranged corresponding to one pixel
column, or one sub-display region comprises one pixel
column. That is to say, each of the predetermined electrode
is arranged corresponding to one pixel column, and one
sub-display region is arranged corresponding to one prede-
termined electrode. A voltage of the k-th predetermined
electrode is equal to a voltage of the (n+1-k)-th predeter-
mined electrode. In other words, the number of the sub-
display regions is a same as the number of the pixel columns,
wherein k is a natural number, and n is greater than or equal
to 3. For example, the display panel comprises n pixel
columns, the number of the sub-pixel regions is also n. In
one embodiment, a difference between the power supply
voltages of two adjacent sub-display regions is less than or
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equal to 0.05, preferably less than 0.01, which means that the
difference between the power supply voltages of two adja-
cent sub-display regions is further reduced, so the panel has
smooth brightness transition, thus greatly improving view-
ing angles. However, the structure also increases the number
of flexible connectors and accordingly increases production
costs. It is suitable for large-size panels that demands high
display performance. Certainly, in other embodiments, mul-
tiple pixel columns in each sub-display region can be
arranged corresponding to one predetermined electrode.

[0040] Each of the sub-display regions Al to An can be
connected to the circuit board 16 through a flexible connec-
tor 15. The number of the circuit boards 16 can be one, or
two, or other numbers.

[0041] It should be noted that, FIGS. 2 to 4 are only one
example, and are not intended to limit the present invention.

[0042] The present invention further provides a display
module comprising any one of the above-mentioned LCD
panels. The display module can further include a touch
screen.

[0043] The present invention further provides an elec-
tronic device comprising the above-mentioned display mod-
ule. The electronic device can be a mobile phone, a tablet
computer, a computer, and other devices.

[0044] Because the display region is divided into multiple
sub-display regions, and the predetermined electrodes in the
same sub-display region are connected to the same power
supply voltage. The power supply voltage in the sub-display
region located in the middle of the LCD panel is different
from the power supply voltages in the sub-display regions
located on two sides of the LCD panel, so that rotation
angles of the liquid crystals are unequal, and viewing angles
are effectively improved.

[0045] The present invention provides the liquid crystal
display panel, the display module, and the electronic device.
Since the power supply voltage in the sub-display region
located in the middle of the LCD panel is different from the
power supply voltages in the sub-display regions on both
sides of the LCD panel, so that rotation angles of the liquid
crystals are unequal, and viewing angles are effectively
improved.

[0046] In summary, although the present invention has
been disclosed above with preferable embodiments. The
above preferable embodiments are not intended to limit the
present invention. Various changes, substitutions, and altera-
tions can be made without departing from the spirit and
scope of the present invention. Therefore, the protection
scope of the present invention should be defined by the
appended claims.

1. A liquid crystal display (LCD) panel, comprising a

display region, the LCD panel comprising:

a plurality of pixels arranged in an array, wherein the
pixels are arranged in a plurality of rows of the array,
each of the pixels comprises a main pixel region and a
sub-pixel region, a brightness of the sub-pixel region is
less than a brightness of the main pixel region, and the
main pixel region is connected to a corresponding data
line and a corresponding scan line;

a plurality of predetermined electrodes, wherein each of
the predetermined electrodes receives a power supply
voltage, and the sub-pixel region is connected to the
corresponding data line, the corresponding scan line,
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and one of the predetermined electrodes corresponding
to each of the pixels to share electric charges in the
sub-pixel region; and

a plurality of sub-display regions, wherein each of the
sub-display regions comprises at least one row of the
pixels arranged corresponding to at least one of the
predetermined electrodes, and each of the sub-display
regions receives the power supply voltage through the
at least one of the predetermined electrodes,

wherein the sub-display regions comprise at least one
middle sub-display region, at least one first side region,
and at least one second side region, the middle sub-
display region covers a geometric center of the display
region, the first side region is disposed on a first side
with respect to the middle sub-display region, and the
second side region is disposed on a second side with
respect to the middle sub-display region; the first side
region and the second side region are equidistant from
the middle sub-display region and are of the same
power supply voltage, and the power supply voltages of
the sub-display regions increase from the first side
region and the second side region to a middle of the
LCD panel.

2. (canceled)

3. (canceled)

4. The LCD panel according to claim 1, wherein the first
side region and the second side region which are equidistant
from the middle sub-display region are arranged symmetri-
cally with respect to the middle sub-display region.

5. The LCD panel according to claim 1, wherein a
difference between the power supply voltages of two adja-
cent sub-display regions is less than or equal to 0.1 volt.

6. The LCD panel according to claim 1, wherein each of
the sub-display regions has a same area.

7. The LCD panel according to claim 1, wherein each of
the sub-display regions comprises one row of the pixels, and
the sub-display regions are disposed corresponding to the
predetermined electrodes, respectively.

8. The LCD panel according to claim 1, wherein the main
pixel region comprises a first transistor, a gate of the first
transistor is connected to the corresponding scan line, a
source of the first transistor is connected to the correspond-
ing data line, and a drain of the first transistor is connected
to a first electrode plate of a first liquid crystal capacitor and
a first electrode plate of a first storage capacitor; the sub-
pixel region comprises a second transistor and a third
transistor, a gate of the second transistor is connected to the
corresponding scan line, a source of the second transistor is
connected to the corresponding data line, and a drain of the
second transistor is connected to a first electrode plate of a
second liquid crystal capacitor and a first electrode plate of
a second storage capacitor; and

a gate of the third transistor is connected to the corre-
sponding scan line, a drain of the third transistor is
connected to a corresponding one of the predetermined
electrodes, and a source of the third transistor is con-
nected to the drain of the second transistor.

9. A display module, comprising a liquid crystal display
(LCD) panel, the LCD panel comprising a display region,
the display module comprising:

a plurality of pixels arranged in an array, wherein the
pixels are arranged in a plurality of rows of the array,
each of the pixels comprises a main pixel region and a
sub-pixel region, a brightness of the sub-pixel region is
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less than a brightness of the main pixel region, and the
main pixel region is connected to a data line and a scan
line;

a plurality of predetermined electrodes, wherein each of
the predetermined electrodes receives a power supply
voltage, and the sub-pixel region is connected to the
corresponding data line, the corresponding scan line,
and the predetermined electrodes corresponding to
each of the pixels to share electric charges in the
sub-pixel region; and

a plurality of sub-display regions, wherein each of the
sub-display regions comprises at least one row of the
pixels arranged corresponding to at least one of the
predetermined electrodes, and each of the sub-display
regions receives the power supply voltage through the
at least one of the predetermined electrodes,

wherein the sub-display regions comprise at least one
middle sub-display region, at least one first side region,
and at least one second side region, the middle sub-
display region covers a geometric center of the display
region, the first side region is disposed on a first side
with respect to the middle sub-display region, and the
second side region is disposed on a second side with
respect to the middle sub-display region; the first side
region and the second side region are equidistant from
the middle sub-display region and are of the same
power supply voltage, and the power supply voltages of
the sub-display regions increase from the first side
region and the second side region to a middle of the
LCD panel.

10. (canceled)

11. (canceled)

12. The display module according to claim 9, wherein the
power supply voltages of the first side region and the second
side region which are equidistant from the middle sub-
display region are arranged symmetrically with respect to
the middle sub-display region.

13. The display module according to claim 9, wherein the
sub-display regions comprise two middle sub-display
regions, and the power supply voltages of the two middle
sub-display regions are equal.

14. The display module according to claim 9, wherein a
difference between the power supply voltages of two adja-
cent sub-display regions is less than or equal to 0.1 volt.

15. The display module according to claim 9, wherein
each of the sub-display regions has a same area.

16. The display module according to claim 9, wherein
each of the sub-display region comprises one row of the
pixels, and the sub-display regions are disposed correspond-
ing to the predetermined electrodes, respectively.

17. The display module according to claim 16, wherein a
difference between the power supply voltages of two adja-
cent sub-display regions is less than or equal to 0.05 volt.

18. The display module according to claim 9, wherein the
main pixel region comprises a first transistor, a gate of the
first transistor is connected to the corresponding scan line, a
source of the first transistor is connected to the correspond-
ing data line, and a drain of the first transistor is connected
to a first electrode plate of a first liquid crystal capacitor and
a first electrode plate of a first storage capacitor; the sub-
pixel region comprises a second transistor and a third
transistor, a gate of the second transistor is connected to the
corresponding scan line, a source of the second transistor is
connected to the corresponding data line, and a drain of the
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second transistor is connected to a first electrode plate of a
second liquid crystal capacitor and a first electrode plate of
a second storage capacitor; and

a gate of the third transistor is connected to the corre-

sponding scan line, a drain of the third transistor is
connected to a corresponding one of the predetermined
electrodes, and a source of the third transistor is con-
nected to the drain of the second transistor.

19. (canceled)

20. An electronic device, comprising the display module
of claim 9.

21. The LCD panel according to claim 1, wherein the first
side region and the second side region are equidistant from
the middle sub-display region in a direction in which the
sub-display regions are arranged.

#* #* #* #* #*

Oct. 14, 2021



