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DISPLAY SUBSTRATE, DISPLAY PANEL
AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Chinese
Patent Application No. 201710630455.5, filed on Jul. 28,
2017, the content of which is incorporated herein by refer-
ence in its entirety.

TECHNICAL FIELD

[0002] The present disclosure is related to the field of
display technology, and in particular to a display substrate,
a display panel and a display device.

BACKGROUND

[0003] A display panel with a touch-controlled function is
widely applied to various display devices, such as a mobile
phone, a tablet computer, an information querying machine
in a public place, etc. In order to achieve an operation for the
display device, a user only needs to press an identifier on a
display panel, which eliminates an reliance with respect to
additional input devices (e.g. keyboard, mouse, etc.), and
thus simplifies human-computer interaction.

[0004] In one embodiment, a force sensor, which is used
to detect a force of the user pressing the display panel, is
provided at a circumference of the display panel. In this
case, the display panel can not only collect location infor-
mation, but also collect a magnitude of the force, so as to
broaden an application range of the touch-controlled tech-
nology. A common force sensor is a silicon-based force
sensor. In the related art, a silicon-based force sensor is
rectangle shaped and has a larger size, so that a frame of the
display panel becomes wider, which is to the disadvantage
for narrowing the display panel.

SUMMARY

[0005] Embodiments of the present disclosure provide a
display substrate, a display panel and a display device, for
reducing a frame width of the display panel, which may
provide a narrow frame of the display panel.

[0006] One embodiment provides a display substrate, the
display substrate includes a display region and a peripheral
region surrounding the display region. A plurality of force
sensors, which are silicon-based force sensors, is provided in
the peripheral region. Each of the force sensors is rectangle-
shaped and has a first side, a second side, a third side and a
fourth side interconnected end-to-end. A first signal input
part is electrically connected at a first corner formed
between the first side and the second side, a first signal
output part is electrically connected at a second corner
formed between the second side and the third side, a second
signal input part is electrically connected at a third corner
formed between the third side and the fourth side, and a
second signal output part is electrically connected at a fourth
corner formed between the fourth side and the first side.
[0007] One embodiment provides a display panel includ-
ing a display substrate, and the display substrate includes a
display region and a peripheral region surrounding the
display region. A plurality of force sensors, which are
silicon-based force sensors, is provided in the peripheral
region. Each of the force sensors is rectangle-shaped and has
a first side, a second side, a third side and a fourth side
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interconnected end-to-end. A first signal input part is elec-
trically connected at a first corner formed between the first
side and the second side, a first signal output part is
electrically connected at a second corner formed between
the second side and the third side, a second signal input part
is electrically connected at a third corner formed between
the third side and the fourth side, and a second signal output
part is electrically connected at a fourth corner formed
between the fourth side and the first side.

[0008] One embodiment provides a display device includ-
ing a display panel. The display panel includes a display
substrate, and the display substrate includes a display region
and a peripheral region surrounding the display region. A
plurality of force sensors, which are silicon-based force
sensors, is provided in the peripheral region. Each of the
force sensors is rectangle-shaped and has a first side, a
second side, a third side and a fourth side interconnected
end-to-end. A first signal input part is electrically connected
at a first corner formed between the first side and the second
side, a first signal output part is electrically connected at a
second corner formed between the second side and the third
side, a second signal input part is electrically connected at a
third corner formed between the third side and the fourth
side, and a second signal output part is electrically connected
at a fourth corner formed between the fourth side and the
first side.

[0009] Embodiments of the present disclosure provide a
display substrate, a display panel and a display device. The
display substrate includes a display region and a peripheral
region surrounding the display region. A plurality of force
sensors, i.e. silicon-based force sensors, is provided in the
peripheral region. The force sensor is rectangle shaped, and
has a first side, a second side, a third side and a fourth side
interconnected end-to-end. The inventor of the present dis-
closure found that, because two signal input parts of the
force sensor in the related art are provided on two sides
opposite to each other of the force sensor respectively, and
two signal output parts are provided on the other two sides
of the force sensor, the portion of the force sensor making
the most contribution to the output signal is a portion located
between adjacent signal input ends and signal output ends,
i.e. regions corresponding to four corners, so that most
regions in the force sensor make less contribution to the
output signal. In comparison, in the force sensor according
to the embodiments of the present disclosure, a first signal
input part is connected at the corner between the first side
and the second side, a first signal output part is connected at
the corner between the second side and the third side, a
second signal input part is connected at the corner between
the third side and the fourth side, and a second signal output
part is connected at the corner between the fourth side and
the first side, so that the portion of the force sensor according
to the embodiments of the present disclosure making the
most contribution to the output signal is the regions corre-
sponding to the four sides. As for the same force sensor, the
area of the regions corresponding to the four sides may be
larger than the area of the regions corresponding to the four
corners. Therefore, when the force sensor according to the
embodiments of the present disclosure has a performance
similar to that of the force sensor in the related art (i.e. the
area of the region corresponding to the four sides in the
embodiments of the present disclosure is close to the area of
the region corresponding to the four corners in the related
art), the size of the force sensor according to the embodi-
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ments of the present disclosure is less than the size of the
force sensor in the related art, so as to reduce the frame
width of the display panel, which may provide narrowing the
frame of the display panel.

BRIEF DESCRIPTION OF DRAWINGS

[0010] In order to more clearly illustrate technical solu-
tions in embodiments of the present disclosure or in the
related art, the accompanying drawings used in the embodi-
ments and in the related art are briefly introduced as follows.
It is appreciated that, the drawings described as follows are
merely part of the embodiments of the present disclosure.
[0011] FIG. 1 is a top view of a display substrate according
to an embodiment of the present disclosure.

[0012] FIG.2is afirst top view of a force sensor according
to an embodiment of the present disclosure.

[0013] FIG. 3 is a second top view of a force sensor
according to an embodiment of the present disclosure.
[0014] FIG. 4 is an equivalent circuit diagram of a force
sensor according to an embodiment of the present disclo-
sure.

[0015] FIG. 5 is a top view of a force sensor in the related
art.
[0016] FIG. 6 is a third top view of a force sensor

according to an embodiment of the present disclosure.
[0017] FIG. 7 is a first flow diagram showing a procedure
to transfer the force sensor in the related art to the force
sensor according to the present disclosure.

[0018] FIG. 8 is a signal simulation diagram of an output
signal of the force sensor as shown in FIG. 7(a &b)
according to an embodiment of the present disclosure.
[0019] FIG. 9 is a second flow diagram showing a proce-
dure to transfer the force sensor in the related art to the force
sensor according to the present disclosure.

[0020] FIG. 10 is a fourth top view of a force sensor
according to an embodiment of the present disclosure.
[0021] FIG. 11 is a fifth top view of a force sensor
according to an embodiment of the present disclosure.
[0022] FIG. 12 is a cross-sectional view along an A-A'
direction in FIG. 1 according to an embodiment of the
present disclosure.

[0023] FIG. 13 is a top view of a display region of a
display substrate according to an embodiment of the present
disclosure.

[0024] FIG. 14 is a cross-sectional view along a B-B'
direction in FIG. 13 according to an embodiment of the
present disclosure.

[0025] FIG. 15 is a connection diagram of force sensors
according to an embodiment of the present disclosure.
[0026] FIG. 16 is a top view of a display device according
to an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0027] Embodiments of the present disclosure may be
combined with each other. Hereinafter, the present disclo-
sure would be described in detail by referring to accompa-
nying drawings and in combination with the embodiments.
[0028] An embodiment of the present disclosure provides
a display substrate, as shown in FIG. 1. FIG. 1 is a top view
of a display substrate according to an embodiment of the
present disclosure. The display substrate 1 includes a display
region AA and a peripheral region NA surrounding the
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display region AA. A plurality of force sensors 10, which are
silicon-based force sensors, is provided in the peripheral
region NA.

[0029] As shown in FIG. 2 and FIG. 3, FIG. 2 is a first top
view of a force sensor according to an embodiment of the
present disclosure, and FIG. 3 is a second top view of a force
sensor according to an embodiment of the present disclo-
sure. The sensors 10 are rectangle-shaped (in FIG. 2 and
FIG. 3, for example, the force sensors 10 are square-shaped),
and a first side 104, a second side 105, a third side 10¢ and
a fourth side 10d are interconnected end-to-end sequentially.
A first signal input part 20 is electrically connected at a
corner formed between the first side 10a and the second side
105, a first signal output part 30 is electrically connected at
a corner formed between the second side 105 and the third
side 10c¢, a second signal input part 40 is electrically
connected at a corner formed between the third side 10c and
the fourth side 104, and a second signal output part 50 is
electrically connected at a corner formed between the fourth
side 104 and the first side 10a.

[0030] The force sensor 10 with the above-mentioned
structure includes a first signal input end I, (i.e. a location at
which the force sensor 10 is electrically connected with the
first signal input part 20), a second signal input end I, (i.e.
a location at which the force sensor 10 is electrically
connected with the second signal input part 40), a first signal
output end O, (i.e. a location at which the force sensor 10 is
electrically connected with the first signal output part 30),
and a second signal output end O, (i.e. a location at which
the force sensor 10 is electrically connected with the second
signal output part 50). The first signal input end I, and the
second signal input end I, are used to input a bias voltage
signal into the force sensor 10, and the first signal output end
O, and the second signal output end O, are used to output a
force-sensing detection signal from the force sensor 10.

[0031] The force sensor 10 may be equivalent to a Wheat-
stone bridge. As shown in FIG. 4 which is an equivalent
circuit diagram of the force sensor 10 according to an
embodiment of the present disclosure. The Wheatstone
bridge includes four equivalent resistances, which are: an
equivalent resistance Ra, an equivalent resistance Rb, an
equivalent resistance Rc and an equivalent resistance Rd.
The equivalent resistance Ra is a region between the second
signal input end I, and the first signal output end O,, the
equivalent resistance Rb is a region between the second
signal input end I, and the second signal output end O,, the
equivalent resistance Rd is a region between the first signal
input end I, and the first signal output end O,, and the
equivalent resistance Rc is a region between the first signal
input end I, and the second signal output end O,. When the
bias voltage signal is input to the first signal input end I, and
the second signal output end I,, current flows through all of
branches of the Wheatstone bridge. In this case, when the
display substrate 1 is pressed, the entire display substrate 1
may be deformed. Because the force sensor 10 is subject to
an effect of a shearing force from a location corresponding
to the force sensor 10 on the display substrate 1, at least one
of'the equivalent resistance Ra, the equivalent resistance Rb,
the equivalent resistance Rc and the equivalent resistance Rd
changes, so that the force-sensing detection signal output
from the first signal output end O, and the second signal
output end O, of the force sensor 10 is different from the
force-sensing detection signal output from the first signal
output end O, and the second signal output end O, of the
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force sensor 10 when no pressing is applied, and on this
basis a magnitude of a touch-controlled force can be deter-
mined.

[0032] As shown in FIG. 5, FIG. 5 is a top view of a force
sensor in the related art. In related art, two signal input parts
of the force sensor 10' are electrically connected with two
sides opposite to each other of the force sensor 10' respec-
tively, and two signal output parts are electrically connected
with the other two sides opposite to each other of the force
sensor 10'. A part of the force sensor 10' which makes the
most contribution to an output signal is a part located
between a signal input end and a signal output part adjacent
to each other, i.e. each of regions corresponding to four
corners (as shown in the triangle dashed frame in FIG. 5).
That is, most of the region in the force sensor 10' makes less
contribution to the output signal.

[0033] As shown in FIG. 2 and FIG. 3, a first signal input
part 20 is electrically connected at a corner formed between
a first side 10a and a second side 105, a first signal output
part 30 is electrically connected at a corner formed between
the second side 105 and a third side 10¢, a second signal
input part 40 is electrically connected at a corner formed
between the third side 10¢ and a fourth side 104, and a
second signal output part 50 is electrically connected at a
corner formed between the fourth side 104 and the first side
10a, so that the part in the force sensor 10 according to the
present disclosure which makes most contribution to the
output signal is each of regions corresponding to four sides.
As for the same force sensor, an area of a region corre-
sponding to the four sides may be larger than an area of a
region corresponding to four corners. Therefore, under the
circumstance that the force sensor of the present disclosure
has a performance similar to that of the force sensor in the
related art (i.e. the area of the region corresponding to four
sides according to the present disclosure is close to the area
of the region corresponding to the four corners in the related
art), a size of the force sensor 10 according to the present
disclosure is less than a size of the force sensor in the related
art, so as to decrease a width of a frame of the display panel
and be beneficial to a narrow frame of the display panel. The
reason lie in that, when the size of the force sensor 10 is
relatively large, a lot more heat will be generated during its
operation procedure, thus the temperature of the force sensor
10 will be increased, which results in that the resistance of
the force sensor 10 is changed, causing the output signal of
the output end change accordingly, therefore bringing inter-
ference to the force detection. In the present disclosure, the
size of the force sensor is decreased, thereby alleviating the
adverse influence of temperature on the force sensor, and
thus improving the detection accuracy.

[0034] Moreover, the force sensor 10 according to the
present disclosure has a smaller size, so a temperature has
less influence on the force sensor 10, which is beneficial to
the improvement for the performance of the force sensor 10.

[0035] As an example, the force sensor 10 according to an
embodiment of the present disclosure is square shaped or
approximately square shaped. As shown in FIG. 2 and FIG.
3, the force sensor 10 is square shaped. As shown in FIG. 6,
which is a third top view of a force sensor according to an
embodiment of the present disclosure, the force sensor 10 is
approximately square-shaped. For example, the shape of the
force sensor 10 is a corner-missing square in which corners
at each of locations corresponding to the first signal input
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end 20, the second signal input end 40, the first signal output
end 30 and the second signal output end 50 are not pre-
sented.

[0036] As above described, a magnitude of a force can be
deduced from the amplitude of the first signal output end O,
and the second signal output end O, of the force sensor 10.
A galvanometer may be connected between the first signal
output end O, and the second signal output end O,. The
magnitude can be determined based on the difference
between a scale of the galvanometer without any deforma-
tion of the force sensor and a scale of the galvanometer with
deformation of the force sensor.

[0037] When the force sensor 10 as shown in FIG. 2 and
FIG. 3 is square shaped, a resistance between the first signal
input end I; and the first signal output end O, of the force
sensor 10 is numerically equal to a resistance between the
first signal input end I, and the second signal output end O,
and a resistance between the second signal input end I, and
the first signal output end O, of the force sensor 10 is
numerically equal to a resistance between the second signal
input end I, and the second signal output end O,. Both an
overlapping area and a contact resistance between all signal
input and output parts and the force sensor 10 are numeri-
cally equal, so that when the force sensor 10 does not subject
to any deformation, the first signal output end O, and the
second signal output end O, of the force sensor 10 have the
same output value, and a galvanometer there between indi-
cates 0-scale. Further, when the force sensor 10 subjects to
deformation, a galvanometer with a smaller range is used to
detect a current flowing between the first signal output end
O, and the second signal output end O,. In this case, a more
precise value can be read by the galvanometer, so that the
force can be obtained more precisely according to the
calculation of the current, and a detection precision of the
force sensor 10 is improved.

[0038] The same overlapping areas between all the signal
input and output parts and the force sensor 10 leads to the
same contact resistances, this is because: if each signal input
part and each signal output part are directly overlapped over
the force sensor 10, the same overlapping areas between all
of the signal input and output parts and the force sensor 10
may lead to the same contact areas and the same contact
resistances; and if all of the signal input and output parts are
electrically connected with the force sensor 10 via a plurality
of through-holes, since diameters of all the through-holes
and spacing between adjacent through-holes keep constant,
when the overlapping areas between all of the signal input
and output parts and the force sensor 10, the numbers and the
sizes of the through-holes at which all of the signal input and
output parts and the force sensor 10 are electrically con-
nected are the same. Therefore, the contact areas and the
contact resistances between all of the signal input and output
parts and the force sensor are the same. Similarly, the larger
the overlapping areas between all of the signal input parts or
the signal output parts and the force sensor 10, the smaller
the contact resistances; on the other hand, the smaller the
overlapping areas, the larger the contact resistances.
[0039] When the force sensor 10 is approximately square
shaped as shown in FIG. 6, the overlapping areas between
the force sensor 10 and all of the signal input parts are
numerically different from the overlapping areas between
the force sensor 10 and all of the signal output parts, so that
the contact resistances between the force sensor 10 and all
of the signal input parts are numerically different from the
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contact resistances between the force sensor 10 and all of the
signal output parts, though the resistance between the first
signal input end I, and the first signal output end O, of the
force sensor 10 is numerically equal to the resistance
between the first signal input end I, and the second signal
output end O,, and the resistance between the second signal
input end I, and the first signal output end O, of the force
sensor 10 is numerically equal to the resistance between the
second signal input end I, and the second signal output end
O,. Thus, the overlapping areas between the force sensor 10
and each of the first signal input part 20 and the second
signal input part 40 become larger, the contact resistances
are smaller; and the overlapping areas between the force
sensor 10 and each of the first signal output part 30 and the
second signal output part 50 are smaller, and the contact
resistances are larger. In this case, the input signals have a
larger loss and a larger noise, so that the output signals from
all of the signal output parts have a worse intensity. Under
this circumstance, the galvanometer connected there
between reads a value which is not precise, so that the force
value deduced by the calculation for the current is not
precise, and the detection precision of the force sensor is
poor.

[0040] In a first example, a square-shaped force sensor is
taken for an example. As shown in FIG. 7, FIG. 1 is a first
flow diagram according to an embodiment of the present
disclosure showing a procedure to transfer a force sensor in
the related art to a force sensor of the embodiment of the
present disclosure. A force sensor in the related art is shown
in FIG. 7(a), and a part of the force sensor making less
contribution to the output signal (the part shown in dashed
frame of FIG. 7(a)) is eliminated to form a structure shown
in FIG. 7(b). Portions in FIG. 7(b) located between adjacent
signal input parts and signal output parts are folded inward,
and in this duration the overlapping arcas between the
portions and the corresponding signal input parts and signal
output parts keep constant, so as to form a structure shown
in FIG. 7(¢). Then, useful portions in the signal output parts
and signal input parts (i.e. portions contacting with the force
sensor) are retained, and useless portions are eliminated, so
as to form a structure shown in FIG. 7(d), which is a
structure of the force sensor 10 mentioned in the present
disclosure. In one embodiment, such a structure may be
formed by filling openings of the square shape, so as to form
a structure shown in FIG. 7(e), which is another structure of
the force sensor 10 mentioned in an embodiment of the
present disclosure.

[0041] FIG. 8 is an output signal simulation diagram of a
force sensor shown in FIG. 7(a) and FIG. 7(b) according to
an embodiment of the present disclosure. As shown in FIG.
8, a simulation curve containing the output signal of the
force sensor with the structure shown in FIG. 7(a) is L3-1,
and a simulation curve containing the output signal of the
force sensor with the structure shown in FIG. 7(5) is L3-2.
In FIG. 8, a horizontal coordinate indicates time, and a
longitudinal coordinate indicates output signal. Both the two
simulation curves have the same testing details (e.g. force
value, force duration, pressing location, etc.). It can be seen
from FIG. 8, the curve L3-1 and the curve 1.3-2 are almost
completely overlapped. Therefore, portions in FIG. 7(a)
making less contribution to the performance of the output
signal (portions shown in the dashed frame in FIG. 7(a)) are
eliminated, which does not substantially influence the per-
formance of the force sensor. The subsequent force sensor
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shown in FIG. 7(d) and force sensor shown in 7(e) are
formed after transformation, under the premise that the
overlapping areas between the portions and corresponding
signal input parts and signal output parts keep unchanged.
Therefore, compared to the force sensor shown in FIG. 7(a)
in the related art, the force sensor 10 according to the present
disclosure, i.e. the force sensor shown in FIG. 7(d) and the
force sensor shown in FIG. 7(e), has a performance which
would not be substantially influenced, but at the same time
the size is reduced.

[0042] Another example takes an approximately square-
shaped force sensor as an example, as shown in FIG. 9. FIG.
9 is a second flow diagram showing a procedure to transfer
a rectangle-shaped force sensor in the related art to a force
sensor according to an embodiment of the present disclo-
sure. A force sensor in the related art is shown in FIG. 9(a),
and a portion making less contribution to an output signal
(the portion shown in the dashed frame in FIG. 9(a)) is
eliminated, so as to form a structure shown in FIG. 9(b).
Then, portions in FIG. 9(b) between adjacent signal input
parts and signal output parts are folded inward, and in this
duration the overlapping areas between the portions and
corresponding signal input parts and signal output parts keep
unchanged, so as to form a structure shown in FIG. 9(¢),
which is a structure mentioned in an embodiment of the
present disclosure.

[0043] Hereinafter, embodiments of the present disclosure
describe in detail particular structures of the force sensor 10,
respectively regarding a square-shaped force sensor 10 and
an approximately square-shaped force sensor 10.

[0044] Exemplarily, when the force sensor 10 is square-
shaped, the particular structure of the force sensor 10 may
include the following two types.

[0045] Regarding the first type, as shown in FIG. 2, the
force sensor 10 is provided with a square-shaped opening 11,
a geometrical center of the square-shaped opening 11 coin-
cides with that of the force sensor 10, so that the force sensor
10 has a larger resistance, which may provide enhancing the
intensity of the output signal of the force sensor 10. This is
because: on one hand, when the force sensor 10 has a larger
resistance, under the same voltage difference, the current
between signal input ends and signal output ends is less, and
the force sensor 10 has a less heat power dissipation, which
may provide enhancing the intensity of the output signal of
the force sensor 10; on the other hand, since a plurality of
first signal input parts 20 of a plurality of force sensors 10
usually located on one side of peripheral region NA share the
same one wiring, which also has a certain resistance. As a
result, if the force sensor 10 has a larger resistance, due to
avoltage-dividing effect of the wiring, larger voltages would
be transferred to the first signal input part 20 and the second
signal input part 40 of the force sensor 10. The amplitude of
the output signal of the force sensor 10 is proportional to the
amplitude of the input signal of the force sensor 10, which
is further beneficial for enhancing the intensity of the output
signal of the force sensor 10.

[0046] On this basis, as shown in FIG. 2, in an embodi-
ment of the present disclosure, the first signal input part 20,
the second signal input part 40, the first signal output part 30
and the second signal output part 50 are rectangle-shaped. In
such a rectangle shape, long sides extend in a direction
which is parallel to a direction of a diagonal line of the force
sensor 10 corresponding to a corner formed which it is
located, and a midline parallel to a direction of the long side
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is in line with the diagonal line, so that there is a larger
overlapping area between the force sensor 10 and each of the
first signal input part 20, the second signal input part 40, the
first signal output part 30 and the second signal output part
50, which may provide reducing the contact resistance
between the force sensor 10 and each of the first signal input
part 20, the second signal input part 40, the first signal output
part 30 and the second signal output part 50. The less the
contact resistance, the less the loss of each output signal and
each input signal during signal transmission, and thus the
higher the precision and sensitivity of the force detected by
the force sensor 10.

[0047] Furthermore, as shown in FIG. 2, the first signal
input part 20, the second signal input part 40, the first signal
output part 30 and the second signal output part 50 have
short sides with the same length L. There are overlapping
portions with same length d between the diagonal lines of
the force sensor and all of the first signal input part 20, the
second signal input part 40, the first signal output part 30 and
the second signal output part 50, so that there are the same
contact resistances between the force sensor 10 and all of the
first signal input part 20, the second signal input part 40, the
first signal output part 30 and the second signal output part
50, and thus all the input signals have the same or similar
loss during signal transmission, resulting in that the differ-
ence between the output signal of the first signal output part
30 and the output signal of the second signal output part 50
can accurately indicate the change of the resistance of the
force sensor 10, which may provide improving the precision
of the force detected by the force sensor 10.

[0048] In one embodiment, the first signal input part 20,
the second signal input part 40, the first signal output part 30
and the second signal output part 50 have short sides all of
which have lengths of 14-20 pum. It should be noted that, the
value of the above length L. of the short sides may be
deduced based on the size of the force sensor in the related
art. For example, as shown in FIG. 7, when a diagonal line
of'the force sensor in the related art has a length W, as shown
in FIG. 7(a), the overlapping portions between the force
sensor and all of the signal input parts and signal output parts
have widths of L,. As known in FIGS. 7(b)-7(d), in an
embodiment of the present disclosure, the length L. of the
short sides of the first signal input part 20, the second signal
input part 40, the first signal output part 30 and the second
signal output part 50 may be equal to 21,. Because usually
all of the signal input parts and the signal output parts are
connected with the force sensor via through-holes, the width
L, of the overlapping portions between the force sensor and
all of the signal input parts and the signal output parts is
directly associated with the manufacture process of the
through-holes. In the related art, after an overall consider-
ation is made for hole-diameter of through-holes formed by
manufacture, a distance between adjacent through-holes and
a distance between the through-hole and a border, the width
L, of the overlapping portions between the force sensor and
all of the signal input parts and the signal output parts is
selected as about 7-14 um. Therefore, in an embodiment of
the present disclosure, the length L. of the short sides of all
of the first signal input part 20, the second signal input part
40, the first signal output part 30 and the second signal
output part 50 is 14-20 pum.

[0049] Inone embodiment, the overlapping portions of the
diagonal lines of the force sensor 10 with the first signal
input part 20, the second signal input part 40, the first signal
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output part 30 and the second signal output part 50 have
lengths d which are 18-53 pum. It should be noted that, the
above length d of the overlapping portions may be deduced
based on the size of the force sensor in the related art. For
example, as shown in FIG. 7, when the force sensor in the
related art have diagonal lines with the lengths W, as shown
in FIG. 7(a), the lengths of the overlapping portions between
the force sensor and all of the signal input parts and the
signal output parts are about W/y/2, and as shown in FIG.
7(b), the length of each of two portions of the force sensor
10 overlapped with each of the signal input parts and the
signal output parts is about W/2v2. It can be known from
FIGS. 7(b)-7(d), this length is the length d of the overlapping
portions between the diagonal lines of the force sensor 10
and each of the first signal input part 20, the second signal
input part 40, the first signal output part 30 and the second
signal output part 50. In general, in the related art the length
W of the diagonal lines of the force sensor is about 50-150
pm. Therefore, in an embodiment of the present disclosure,
the overlapping portions between the diagonal lines of the
force sensor 10 and each of the first signal input part 20, the
second signal input part 40, the first signal output part 30 and
the second signal output part 50 have a length d of 18-53 um.
[0050] Exemplarily, when the diagonal lines of the force
sensor in the related art have lengths of 150 pm, correspond-
ingly, in an embodiment of the present disclosure, the
overlapping portions between the diagonal lines of the force
sensor 10 and the first signal input part 20, the second signal
input part 40, the first signal output part 30 and the second
signal output 50 all have a length d of 30 um.

[0051] In addition, in an embodiment of the present dis-
closure, a side length b of a square-shaped opening 11
provided in the force sensor 10 is selected as 20 pm. It
should be noted that, a size of the side length b of the
square-shaped opening 11 can be deduced based on the size
of the force sensor in the related art. For example, as shown
in FIGS. 7(a) and 7(b), all the portions of the force sensor
in the related art making larger contribution to the output
signal, located between the connected signal input parts and
signal output parts, have a minimum length b. As known
from FIGS. 7(6)-7(d), the minimum length b is the side
length b of the square-shaped opening 11.

[0052] In addition, in an embodiment of the present dis-
closure, in a plane parallel to the display substrate 1, the first
signal input part 20, the second signal input part 40, the first
signal output part 30 and the second signal output part 50,
together with the square-shaped opening 11, can form sev-
eral types of location relationships.

[0053] In a first example, as shown in FIG. 10, which is a
fourth top view of the force sensor according to an embodi-
ment of the present disclosure, in a plane parallel to the
display substrate 1, none of the first signal input part 20, the
second signal input part 40, the first signal output part 30 and
the second signal output part 50 extends to outer borders of
the square-shaped opening.

[0054] In a second example, as shown in FIG. 2, in the
plane parallel to the display substrate 1, each of the first
signal input part 20, the second signal input part 40, the first
signal output part 30 and the second signal output part 50
extends to the outer border of the square-shaped opening 11.
The first signal input part 20, which is rectangle-shaped, is
taken as an example. In this case, the long side of the first
signal input part 20 extends in a direction parallel to a
direction of a diagonal line of the force sensor 10 corre-
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sponding to the corner at which it is located, and this first
signal input part 20 has a midline parallel to the direction of
the long side which is in line with the diagonal line. The
expression of “the first signal input part 20 extends to the
outer border of the square-shaped opening 11 means that
only short sides of the first signal output part 20 are
overlapped with the square-shaped opening 11, but the long
sides are not overlapped with the square-shaped opening 11.
The similar understanding may be made for the expressions
of “the second signal input part 40 extends to the outer
border of the square-shaped opening 117, “the first signal
output part 30 extends to the outer border of the square-
shaped opening 11" and “the second signal output part 50
extends to the outer border of the square-shaped opening
117, and thus it is unnecessary to repeat herein.

[0055] Correspondingly, all of borders of the square-
shaped opening 11 are separated from corresponding sides
of the force sensor 10 by a perpendicular distance of d//2,
and d is a length of an overlapping portion between a
diagonal line of the force sensor and each of the first signal
input part 20, the second signal input part 40, the first signal
output part 30 and the second signal output part 50. In one
embodiment, each side of the square-shaped opening 11 is
separated from the corresponding side of the force sensor 10
by the perpendicular distance which is 20 um.

[0056] In a third example, as shown in FIG. 11, which is
a fifth top view of the force sensor according to an embodi-
ment of the present disclosure, in the plane parallel to the
display substrate 1, each of the first signal input part 20, the
second signal input part 40, the first signal output part 30 and
the second signal output part 50 extends into an interior of
the square-shaped opening 11, and any two of the first signal
input part 20, the second signal input part 40, the first signal
output part 30 and the second signal output part 50 are
mutually insulated. The first signal input part 20, which is
rectangle-shaped, is taken as an example. In this case, the
long side of the first signal input part 20 extends in a
direction parallel to a direction of a diagonal line of the force
sensor 10 corresponding to the corner at which it is located,
and this first signal input part 20 has a midline parallel to the
direction of the long side which is in line with the diagonal
line. The expression of “the first signal input part 20 extends
into the interior of the square-shaped opening 11 means that
both short sides and long sides of the first signal output part
20 are overlapped with the square-shaped opening 11. The
similar understanding may be made for the expressions of
“the second signal input part 40 extends into the interior of
the square-shaped opening 117, “the first signal output part
30 extends into the interior of the square-shaped opening 117
and “the second signal output part 50 extends into the
interior of the square-shaped opening 117, and thus it is
unnecessary to repeat herein.

[0057] In a first example, there is a less overlapping area
between the force sensor 10 and each of the first signal input
part 20, the second signal input part 40, the first signal output
part 30 and the second signal output part 50, so that there is
a larger contact resistance between the force sensor 10 and
each of the first signal input part 20, the second signal input
40, the first signal output part 30 and the second signal
output part 50. In this case, the output signals and the input
signals have a larger loss during signal transmission, leading
to a lower precision and sensitivity for a force detected by
the force sensor 10, which is to a disadvantage for the
performance of the force sensor 10. In a second example and

Jul. 12,2018

a third example, there is a maximum overlapping area
between the force sensor 10 and each of the first signal input
part 20, the second signal input 40, the first signal output part
30 and the second signal output part 50, so that there is a less
contact resistance between the force sensor 10 and each of
the first signal input part 20, the second signal input 40, the
first signal output part 30 and the second signal output part
50. In this case, the output signals and the input signals have
a less loss during signal transmission, leading to a higher
precision and sensitivity for a force detected by the force
sensor 10, which may provide improving the performance of
the force sensor 10.

[0058] When the force sensor 10 according to the present
disclosure has a structure as shown in FIG. 2, the side length
W' of the force sensor 10 meets W'=2d/?+b. Exemplarily, in
order to achieve the same or similar performance of a
diagonal line with a length of W=150 um in the related art,
the embodiments of the present disclosure select dimensions
as d=30 pm and b=20 pm, and thus W' is about 60 um, which
is much less than 150 pm in the related art.

[0059] As for the second type, as shown in FIG. 3, the
force sensor 10 is a one-piece structure, and such a design
can be beneficial for reducing zero-shift and temperature
compensation of the force sensor 10. This is because: on one
hand, when the force sensor 10 is a one-piece structure, the
current between the signal input ends and respective signal
output ends may not only flow through surrounding regions
of'the force sensor 10, but also at the same time flow through
middle regions of the force sensor 10, so as to alleviate the
influence of the force sensor on the output signals due to
manufacture process, which influence results from initial
resistances between signal input ends and respective signal
output ends of the force sensor 10 deviating from a preset
value, so that it may provide reducing zero-shift of the force
sensor 10; on the other hand, when the force sensor 10 is a
one-piece structure, the entire force sensor 10 has a uniform
temperature distribution, and thus the resistances between
the signal input ends and respective signal output ends
subject to substantially identical influence from the tempera-
ture, so as to be beneficial for reducing temperature com-
pensation of the force sensor 10. In one embodiment, the
force sensor 10 with the second structure is the same as the
force sensor 10 with the first structure, except that a square-
shaped opening is not provided at the geometrical center.

[0060] As shown in FIG. 3, according to an embodiment
of the present disclosure, the first signal input part 20, the
second signal input 40, the first signal output part 30 and the
second signal output part 50 are rectangle-shaped. In such a
rectangle, long sides extend in a direction parallel to a
direction of a diagonal line of the force sensor 10 corre-
sponding to a corner formed at which it is located, and a
midline parallel to the direction of the long sides is in line
with the diagonal line, so that there is a larger overlapping
area between the force sensor 10 and each of the first signal
input part 20, the second signal input 40, the first signal
output part 30 and the second signal output part 50, which
may provide reducing a contact resistance between the force
sensor 10 and each of the first signal input part 20, the
second signal input 40, the first signal output part 30 and the
second signal output part 50. The less the contact resistance,
the less the loss of the output signals and the input signals
during signal transmission, and the higher the precision and
sensitivity of a force detected by the force sensor 10.
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[0061] Furthermore, the first signal input part 20, the
second signal input 40, the first signal output part 30 and the
second signal output part 50 have short sides with the same
length I, and there are overlapping portions with the same
length d between a diagonal line of the force sensor 10 as
well as the first signal input part 20, the second signal input
40, the first signal output part 30 and the second signal
output part 50, respectively, so that contact resistances
between the force sensor 10 and the first signal input part 20,
the second signal input 40, the first signal output part 30 and
the second signal output part 50 respectively are the same,
resulting in that the input signals and the output signals have
the same or similar loss during signal transmission. There-
fore, a difference between the output signal of the first signal
output part 30 and the output signal of the second signal part
50 can accurately indicate the change of the resistance of the
force sensor 10, which may provide improving the precision
of a force detected by the force sensor 10.

[0062] In one embodiment, the length L of short sides of
each of the first signal input part 20, the second signal input
40, the first signal output part 30 and the second signal
output part 50 is 14-20 pm. It should be noted that, the above
value of the short side length . may be deduced based on a
size of the force sensor in the related art. For example, as
shown in FIG. 6, when the diagonal line of the force sensor
in the related art has a length W, as shown in FIG. 6(a), the
overlapping portion between the force sensor and each of the
signal input parts and the signal output parts has a width L,
and as known in FIGS. 6(b)-6(d), the first signal input part
20, the second signal input part 40, the first signal output part
30 and the second signal output part 50 according to the
present disclosure have short sides with a length L equal to
2L,. As in general the signal input parts and the signal output
parts are all electrically connected with the force sensor via
through-holes, the width L, of the overlapping portion
between the force sensor and each of the signal input parts
and the signal output parts is directly associated with the
manufacture process of the through-holes. In the related art,
after an overall consideration is made for a hole diameter of
the through-hole formed by manufacture, a distance between
adjacent through-holes and a distance between the through-
hole and a border, the width L., of the overlapping portion
between the force sensor and each of the signal input parts
and the signal output parts is selected as about 7-14 pm.
Therefore, the first signal input part 20, the second signal
input part 40, the first signal output part 30 and the second
signal output part 50 according to an embodiment of the
present disclosure have short sides with a length L. which are
14-20 pm.

[0063] In one embodiment, the overlapping portion
between the diagonal line of the force sensor 10 and each of
the first signal input part 20, the second signal input 40, the
first signal output part 30 and the second signal output part
50 has a length d which is 18-53 um. It should be noted that,
the value of the above length d of the overlapping portion
may be deduced based on a size of the force sensor in the
related art. For example, as shown in FIG. 6, when the
diagonal line of the force sensor in the related art has a
length W, as shown in FIG. 6(a), the length of the overlap-
ping portion between the force sensor and each of the signal
input parts and the signal output parts is about W/v/2; as
shown in FIG. 6(b), the length of each of two portions of the
force sensor overlapped with each of the signal input parts
and the signal output parts may be less than W/2v2; and as

Jul. 12,2018

known in FIGS. 6(b)-6(d), this length is the length d of the
overlapping portion between the diagonal line of the force
sensor 10 and each of the first signal input part 20, the
second signal input part 40, the first signal output part 30 and
the second signal output part 50 according to the present
disclosure. In general, the length W of the diagonal line of
the force sensor in the related art is about 50-150 pm,
therefore, in an embodiment of the present disclosure, the
length d of the overlapping portion between the diagonal
line of the force sensor 10 and each of the first signal input
part 20, the second signal input part 40, the first signal output
part 30 and the second signal output part 50 is 18-53 pum.
Exemplarily, the length d of the overlapping portion between
the diagonal line of the force sensor 10 and each of the first
signal input part 20, the second signal input part 40, the first
signal output part 30 and the second signal output part 50 is
about 30 pm.

[0064] When the force sensor 10 according to the present
disclosure has the structure as shown in FIG. 3, the side
length W' of the force sensor 10 is equal to the side length
W' of the force sensor 10 when the force sensor 10 has the
structure as shown in FIG. 2, and thus it is unnecessary to
repeat herein.

[0065] Exemplarily, when the force sensor 10 according to
an embodiment of the present disclosure is approximately
square-shaped, the force sensor 10 has the structure as
shown in FIG. 6, the shape of which is a corner-missing
square in which corners at each of locations corresponding
to the first signal input end 20, the second signal input end
40, the first signal output end 30 and the second signal output
end 50 are not presented. A size of the corner-missing
portion corresponding to each of the signal input ends and
the signal output ends is associated with whether it is located
at the long side or at the short side of a rectangle in the
related art. In one embodiment, as shown in FIG. 9, when in
the related art each signal input end is located at the long
sides (the length is W,) and each signal output end is located
at short sides (the length is W,), the corner-missing portion
corresponding to the first signal input end 20 and the second
signal output end 40 is relatively smaller, but the corner-
missing portion corresponding to the first signal output end
30 and the second signal output end 50 is relatively larger.

[0066] As known in FIG. 9, according to an embodiment
of the present disclosure, the size of the approximately
square-shaped force sensor 10 can be deduced based on the
size of a rectangle-shaped force sensor in the related art. For
example, as shown in FIG. 9(b), a square-shaped portion in
which the force sensor has been eliminated in the related art
has a side length b. Since the force sensor 10 according to
the present disclosure is formed by inwardly folding por-
tions located between adjacent signal input parts and signal
output parts in FIG. 9(b), the four sides (in which four
missed corners are omitted) of the force sensor 10 according
to an embodiment of the present disclosure also each have
a length b. The overlapping portion between the diagonal
line of the force sensor 10 and each of the first signal input
end 20 and the second signal input end 40 has a length of
about W,/2, and the overlapping portion between the diago-
nal line of the force sensor 10 and each of the first signal
output end 30 and the second signal output end 50 has a
length of about W,/2. The short side length d of each of the
signal input ends and the signal output ends is twice of the
width of the contact portion between the force sensor and
each of the signal input ends and the signal output ends in
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the related art. As shown in FIG. 9(b), the width X of the
force sensor in the related art is about (W,2+W,?)!"2, which
is about 2a+b, and four corners missed in the square-shaped
portion substantially correspond to midpoints of all the sides
of'the force sensor in the related art. Therefore, after portions
located between adjacent signal input parts and signal output
parts in FIG. 9(b) are inwardly folded to form the structure
as shown in FIG. 9(c), the force sensor 10 in an embodiment
of the present disclosure as shown in FIG. 9(c) has a width
X' (i.e. the size in a y-direction in FIG. 9), which is about
(W,2+W,2)2/2, approximately equal to b. As known from
above, the size of the force sensor 10 according to the
present disclosure is less than the size of the force sensor in
the related art.

[0067] In addition, in an embodiment of the present dis-
closure, the first signal input part 20, the second signal
output part 40, the first signal output part 30 and the second
signal output part 50 are all selectively located at the same
film layer, so that the first signal input part 20, the second
signal output part 40, the first signal output part 30 and the
second signal output part 50 can be formed at the same time,
so as to simplify the manufacture process of the display
substrate 1 according to the present disclosure and reduce
manufacture cost.

[0068] In an embodiment of the present disclosure, selec-
tively, as shown in FIG. 12, which is a cross-sectional view
along a direction A-A' in FIG. 1 according to an embodiment
of the present disclosure, the first signal input part 20, the
second signal input part 40, the first signal output part 30 and
the second signal output part 50 are located at a film layer
which is different from a film layer at which the force sensor
is located. The first signal input part 20, the second signal
input part 40, the first signal output part 30 and the second
signal output part 50 are electrically connected with the
force sensor 10 via a plurality of through-holes. FIG. 12 just
schematically shows the first signal input part 20 and the
second signal input part 40. In addition, FIG. 12 just
schematically shows that each of the first signal input part 20
and the second signal input part 40 is electrically connected
with the force sensor 10 via three through-holes. It is
appreciated that, the number of the through-holes is not
limited herein. The above configuration is made so that the
first signal input part 20, the second signal input part 40, the
first signal output part 30 and the second signal output part
50, together with a certain metal film layer in the display
area AA, can be formed at the same time. In this case, under
the premise that the manufacture difficulty and cost of the
display substrate are not increased, the first signal input part
20, the second signal input part 40, the first signal output part
30 and the second signal output part 50 have good electrical
conductivity, which may provide improving the perfor-
mance of the force sensor 10.

[0069] Exemplarily, as shown in FIG. 13 and FIG. 14,
FIG. 13 is a top view of a display area of a display substrate
according to an embodiment of the present disclosure, and
FIG. 14 is a cross-sectional view along a B-B' direction in
FIG. 13 according to an embodiment of the present disclo-
sure. In an embodiment of the present disclosure, in the
display area AA, in a direction perpendicular to the display
substrate 1, a first silicon-nitride layer 60, a first silicon-
oxide layer 70, a polysilicon layer 80, a second silicon-oxide
layer 90 and a second silicon-nitride layer 100 are disposed
adjacent to each other sequentially. In this case, in order to
simplify the manufacture process of the display substrate 1
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and reduce the cost, the present disclosure selects the
material of the force sensor 10 as polysilicon, and the force
sensor 10 and the polysilicon layer 80 are located at the same
film layer.

[0070] Furthermore, as shown in FIG. 14, the display area
AA of the display substrate 1 according to an embodiment
of the present disclosure is provided with a gate metal layer
110, a first insulation layer 120 and a source-drain metal
layer 130. The gate metal layer 110, the first insulation layer
120 and the source-drain metal layer 130 are sequentially
provided on the second silicon-nitride layer 100 along a
direction away from the display substrate 1.

[0071] The gate metal layer 110 is provided with a gate
line 111 and a gate of a thin-film transistor TFT. The
source-drain metal layer 130 is provided with a data line
131, and a source and a drain of the thin-film transistor TFT.
The polysilicon layer 80 is provided with an active layer 80
of the thin-film transistor TFT. The source and the drain of
the thin-film transistor TFT respectively extend through
through-holes of the second silicon-oxide layer 90, the
second silicon-nitride 100 and the first insulation layer 120,
and are connected with the active layer 80. A gate of the
thin-film transistor TFT is electrically connected with the
gate line 111. In order to obtain a smaller contact resistance
between the source and the drain of the thin-film transistor
TFT and the active layer, a region of the active layer except
a channel region may be high-concentration doped, so as to
form two Ohm contact regions, which are connected with
the source and the drain of the thin-film transistor respec-
tively.

[0072] On this basis, in an embodiment of the present
disclosure, the first signal input part 20, the second signal
input part 40, the first signal output part 30 and the second
signal output part 50, together with the gate metal layer 110
or the source-drain metal layer 130, may be manufactured at
the same film layer.

[0073] Inaddition, when the display substrate 1 is an array
substrate in a liquid crystal display panel, as shown in FIG.
13, the display area AA of the display substrate 1 according
to an embodiment of the present disclosure may be provided
with a common electrode layer 140 and a pixel electrode
layer 150 insulated from each other. The common electrode
layer 140 is provided with a plurality of common electrode
blocks 141, which may be multiplexed as a touch-controlled
electrode in a touch-controlled stage and used to detect a
touch-control position. The pixel electrode layer 150 is
provided with a plurality of pixel electrodes 151, each of
which is electrically connected with the drain of the above
thin-film transistor TFT. The source of the thin-film transis-
tor TFT is electrically connected with the data line 131.
During displaying, a multi-dimensional electric field is
formed between the pixel electrodes 151 and the common
electrode blocks 141 to control deflection of liquid crystal
molecules. In one embodiment, FIG. 13 only takes such a
configuration as an example that the pixel electrode layer
150 is located under the common electrode layer 140 and the
common electrode 141 is provided with a slit. It is appre-
ciated that, the pixel electrode layer 150 may also be
disposed above the common electrode layer 140. In this
case, it is just necessary that the pixel electrode 151 is
provided with a slit, which would not be limited by embodi-
ments of the present disclosure.

[0074] As known from above, the force sensor 10 accord-
ing to the embodiment of the present disclosure is made of
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polysilicon. The force sensor 10 according to the present
disclosure does not take use of the semiconductor property
of polysilicon, but its electrical conductivity. Therefore, a
material of the force sensor 10 according to the present
disclosure may be a heavily-doped polysilicon, and either
N-type dopant or P-type dopant is available. In one embodi-
ment, in the dopant, a surface-dopant concentration is 10*°/
cm?~10"%/cm?®. The polysilicon with the above surface-
dopant concentration can ensure that a value of a strain
resistance of the force sensor 10 would not be too large,
which may provide the transmission and detection of a
signal, and also effectively protect a crystal lattice structure
of polysilicon from being damaged.

[0075] In addition, when the force sensor 10 detects mag-
nitudes of forces at respective positions at which the display
panel is pressed, the larger deformation differences corre-
sponding to a first strain direction and a second strain
direction of the force sensor 10, the higher the sensitivity of
the force sensor 10. When the force sensor 10 is rectangle-
shaped, the first strain direction is an extending direction of
the first side 10a and the third side 10¢, and the second strain
direction is an extending direction of the second side 105
and the fourth side 10d.

[0076] Inoneembodiment, as shown in FIG. 1, the display
substrate 1 is rectangle shaped. When force sensors 10 are
provided on two sides opposite to each other, in an embodi-
ment of the present disclosure, selectively, the extending
direction of the first side 104 and the third side 10c of each
force sensor 10 is perpendicular to an extending direction x
of two sides provided with the force sensors 10. Such a
configuration may result in that the first strain direction and
the second strain direction of the force sensor 10 correspond
to a large deformation difference. Values of output signals of
the force sensor 10 when subjecting to force from different
positions are all positive values, and no negative value or
zero value would occur, which may provide enhancing the
sensitivity of the force sensor 10 and simplifies a calculation
process when the force sensor 10 detects the magnitude of
force.

[0077] Regarding display substrates with other shapes, a
simulation manner may be used to apply force at different
positions of the display panel of the display substrate, which
is determined by the output signal of the force sensor 10, so
that the deformation corresponding to the first strain direc-
tion and the second strain direction of the force sensor 10 is
larger. The inventor of the present disclosure found that, this
property is associated with fixing manners (e.g. partial
fixing, peripheral fixing, etc.) of the display panel of the
display substrate and shapes (e.g. rectangle, circular, etc.) of
the display substrate.

[0078] In addition, as shown in FIG. 1, four force sensors
10 are provided uniformly on each of two sides opposite to
each other of the peripheral region NA of the display panel
1. As shown in FIG. 15, FIG. 15 is a connection diagram of
the force sensor according to an embodiment of the present
disclosure. Four force sensors 10 shown in FIG. 15 are
respectively indicated as 1.1, L.2, .3 and [4. The first signal
input ends of the four force sensors 10 are electrically
connected with an integrated circuit (not shown in FIG. 15)
via the same one wiring (which is indicated as GND_L in
FIG. 15). The second signal input ends of the four force
sensors 10 are electrically connected with the integrated
circuit via the same one wiring (which is indicated as Pow_L
in FIG. 15). The signal output ends (i.e. L1a, 15,124, .25,
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L3a, 135, L4a and L.4b shown in FIG. 15) of the four force
sensors 10 are all electrically connected with the integrated
circuit via respective wirings thereof. In one embodiment, in
an embodiment of the present disclosure, the number of the
force sensors 10 provided uniformly on each of two sides
opposite to each other of the peripheral region NA of the
display panel 1 is not limited to 4, but can also be other
number, e.g. 3, 5, etc.

[0079] An embodiment of the present disclosure also
provides a display panel including the display substrate as
above. In one embodiment, the display panel in the present
disclosure may be a liquid-crystal display panel, an organic
light emitting display panel or a micro light-emitting diode
display panel. Embodiments of the present disclosure do not
limit with respect of the type of display panel.

[0080] As an example, the display panel is a liquid-crystal
display panel, which includes an array substrate and a
color-film substrate opposite to each other. A liquid-crystal
layer is provided between the array substrate and the color-
film substrate. The array substrate is provided with a plu-
rality of gate lines and a plurality of data lines arranged in
a crisscross manner. The plurality of gate lines and the
plurality of data lines define a plurality of pixel units, each
of which is provided with a thin-film transistor and a pixel
electrode. The gate of the thin-film transistor is electrically
connected with the gate line, the source is electrically
connected with the data line, and the drain is electrically
connected with the pixel electrode. The color-film substrate
includes a grid-shaped black matrix and a plurality of color
filters arranged in an array and provided within the black
matrix. The color filters include red color filters, green color
filters and blue color filters. The array substrate or the
color-film substrate is also provided with a common elec-
trode, which controls deflection of liquid crystal molecules
by an electric field between the pixel electrode and the
common electrode.

[0081] As an example, the display panel is an organic
light-emitting display panel, including an array substrate
with a plurality of pixel circuits. The organic light-emitting
diode display panel also includes a plurality of organic
light-emitting diodes (OLEDs) provided on the array sub-
strate, each of which has an anode is correspondingly
electrically connected with the pixel circuit on the array
substrate, The plurality of organic light-emitting diodes
include light-emitting diodes for emitting red light, light-
emitting diodes for emitting green light and light-emitting
diodes for emitting blue light. In addition, the organic
light-emitting display panel also includes a packaging layer
packaging the plurality of organic light-emitting diodes.

[0082] As an example, the display panel is a micro light-
emitting diode display panel, including an array substrate
with a plurality of pixel circuits. The micro light-emitting
diode display panel also includes a plurality of micro
light-emitting diodes (Mic-LEDs) provided on the array
substrate, each of which has an anode correspondingly
electrically connected with the pixel circuits on the array
substrate. The plurality of micro light-emitting diodes
include micro light-emitting diodes for emitting red light,
micro light-emitting diodes for emitting green light and
micro light-emitting diodes for emitting blue light. The
micro light-emitting diode may be manufactured on a
growth substrate, and then transferred onto the array sub-
strate.
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[0083] An embodiment of the present disclosure also
provides a display device, as shown in FIG. 16. FIG. 16 is
a top view of a display device according to an embodiment
of the present disclosure. The display device includes the
above-mentioned display panel 600. When the display panel
is a liquid crystal display panel, the display device also
includes a backlight device, which is located on one side of
the array substrate of the liquid crystal display panel away
from the color-film substrate. The backlight device provides
light beams to the display panel. The display device accord-
ing to the present disclosure may be any product or com-
ponent with a display function, e.g. smartphone, wearable
smart watch, smart glasses, tablet computer, television,
display screen, laptop, digital photo frame, navigator,
vehicle monitor, E-book, etc.

[0084] Embodiments of the present disclosure provide a
display substrate, a display panel and a display device. The
display substrate includes a display region and a peripheral
region surrounding the display region. A plurality of force
sensors, i.e. silicon-based force sensors, is provided in the
peripheral region. The force sensor is rectangle shaped, and
has a first side, a second side, a third side and a fourth side
interconnected end-to-end sequentially. The inventor of the
present disclosure found that, because two signal input parts
of the force sensor in the related art are provided on two
sides opposite to each other of the force sensor respectively,
and two signal output parts are provided on the other two
sides of the force sensor, the portion of the force sensor
making the most contribution to the output signal is a portion
located between adjacent signal input ends and signal output
ends, i.e. regions corresponding to four corners, so that most
regions in the force sensor make less contribution to the
output signal. In comparison, in the force sensor according
to the embodiments of the present disclosure, a first signal
input part is connected at the corner between the first side
and the second side, a first signal output part is connected at
the corner between the second side and the third side, a
second signal input part is connected at the corner between
the third side and the fourth side, and a second signal output
part is connected at the corner between the fourth side and
the first side, so that the portion of the force sensor according
to the embodiments of the present disclosure making the
most contribution to the output signal is the regions corre-
sponding to the four sides. As for the same force sensor, the
area of the regions corresponding to the four sides may be
larger than the area of the regions corresponding to the four
corners. Therefore, when the force sensor according to the
embodiments of the present disclosure has a performance
similar to that of the force sensor in the related art (i.e. the
area of the region corresponding to the four sides in the
embodiments of the present disclosure is close to the area of
the region corresponding to the four corners in the related
art), the size of the force sensor according to the embodi-
ments of the present disclosure is less than the size of the
force sensor in the related art, so as to reduce the frame
width of the display panel, which may provide narrowing the
frame of the display panel.

What is claimed is:
1. A display substrate, comprising:

a display region and a peripheral region surrounding the
display region, wherein a plurality of force sensors,
which are silicon-based force sensors, is provided in
the peripheral region, and each of the force sensors is
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rectangle-shaped and has a first side, a second side, a
third side and a fourth side interconnected end-to-end;
wherein, a first signal input part is electrically connected
at a first corner formed between the first side and the
second side, a first signal output part is electrically
connected at a second corner formed between the
second side and the third side, a second signal input
part is electrically connected at a third corner formed
between the third side and the fourth side, and a second
signal output part is electrically connected at a fourth
corner formed between the fourth side and the first side.

2. The display substrate in accordance with claim 1,
wherein each of the force sensors is square-shaped.

3. The display substrate in accordance with claim 2,
wherein each of the force sensors is a one-piece structure.

4. The display substrate in accordance with claim 3,
wherein each of the first signal input part, the second signal
input part, the first signal output part and the second signal
output part is a rectangle-shaped part, wherein long sides of
the rectangle-shaped part extend in a direction parallel to a
direction of a diagonal line of the force sensor corresponding
to the corner at which the rectangle-shape part is located,
and a midline of the rectangle-shape part parallel to a
direction of the long sides is in line with the diagonal line.

5. The display substrate in accordance with claim 4,
wherein short sides of the first signal input part, the second
signal input part, the first signal output part and the second
signal output part have a same length [, and overlapping
portions of the first signal input part, the second signal input
part, the first signal output part and the second signal output
part with the diagonal lines of the force sensor have a same
length d.

6. The display substrate in accordance with claim 2,
wherein each of the force sensors is provided with a square-
shaped opening, and a geometrical center of the square-
shaped opening coincides with a geometrical center of the
force sensor.

7. The display substrate in accordance with claim 6,
wherein each of the first signal input part, the second signal
input part, the first signal output part and the second signal
output part is a rectangle-shaped part, wherein long sides of
the rectangle-shaped part extend in a direction parallel to a
direction of a diagonal line of the force sensor corresponding
to the corner at which the rectangle-shape part is located,
and a midline of the rectangle-shape part parallel to a
direction of the long sides is in line with the diagonal line.

8. The display substrate in accordance with claim 7,
wherein short sides of the first signal input part, the second
signal input part, the first signal output part and the second
signal output part have a same length [, and overlapping
portions of the first signal input part, the second signal input
part, the first signal output part and the second signal output
part with the diagonal lines of the force sensor have a same
length d.

9. The display substrate in accordance with claim 8,
wherein the length L is 14-20 pm, and the length d is 18-53
pm.

10. The display substrate in accordance with claim 9,
wherein the length d is 30 pm.

11. The display substrate in accordance with claim 6,
wherein a side length b of the square-shaped opening is 20
pm.

12. The display substrate in accordance with claim 6,
wherein in a plane parallel to the display substrate, the first
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signal input part, the second signal input part, the first signal
output part and the second signal output part extends to an
outer border of the square-shaped opening.

13. The display substrate in accordance with claim 6,
wherein in a plane parallel to the display substrate, the first
signal input part, the second signal input part, the first signal
output part and the second signal output part extend to an
interior of the square-shaped opening, and any two of the
first signal input part, the second signal input part, the first
signal output part and the second signal output part are
insulated from each other.

14. The display substrate in accordance with claim 13,
wherein a side of the square-shaped opening is spaced from
a side of the force sensor corresponding to the side of the
square-shaped opening by a perpendicular distance which is
equal to d/v2, wherein d is a length of an overlapping
portion of a diagonal line of the force sensor with each of the
first signal input part, the second signal input part, the first
signal output part and the second signal output part.

15. The display substrate in accordance with claim 14,
wherein the perpendicular distance is 20 um.

16. The display substrate in accordance with claim 2,
wherein a length of each side of the force sensor is 20-60
pm.

17. The display substrate in accordance with claim 1,
wherein the first signal input part, the second signal input
part, the first signal output part and the second signal output
part are located at a same film layer.

18. The display substrate in accordance with claim 17,
wherein the film layer at which the first signal input part, the
second signal input part, the first signal output part and the
second signal output part are located is different from a film
layer at which the force sensors are located, and the first
signal input part, the second signal input part, the first signal
output part and the second signal output part are electrically
connected with the force sensors via a plurality of through-
holes, respectively.
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19. A display panel, comprising:

a display substrate comprises a display region and a
peripheral region surrounding the display region,
wherein a plurality of force sensors, which are silicon-
based force sensors, is provided in the peripheral
region, and each of the force sensors is rectangle-
shaped and has a first side, a second side, a third side
and a fourth side interconnected end-to-end;

wherein, a first signal input part is electrically connected
at a first corner formed between the first side and the
second side, a first signal output part is electrically
connected at a second corner formed between the
second side and the third side, a second signal input
part iselectrically connected at a third corner formed
between the third side and the fourth side, and a second
signal output part is electrically connected at a fourth
corner formed between the fourth side and the first side.

20. A display device, comprising:

a display panel comprising a display substrate, wherein

the display substrate comprises a display region and a
peripheral region surrounding the display region,
wherein a plurality of force sensors, which are silicon-
based force sensors, is provided in the peripheral
region, and each of the force sensors is rectangle-
shaped and has a first side, a second side, a third side
and a fourth side interconnected end-to-end;

wherein, a first signal input part is electrically connected
at a first corner formed between the first side and the
second side, a first signal output part is electrically
connected at a second corner formed between the
second side and the third side, a second signal input
part is electrically connected at a third corner formed
between the third side and the fourth side, and a second
signal output part is electrically connected at a fourth
corner formed between the fourth side and the first side.
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