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PRESSURE SENSING DEVICE, PRESSURE
SENSING METHOD AND ELECTRONIC
TERMINAL

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Stage of PCT Appli-
cation No. PCT/CN2018/122314 filed on Dec. 12, 2018, the
content of which is incorporated herein by reference thereto.

TECHNICAL FIELD

[0002] The present application relates to the field of pres-
sure sensing technologies, and relates to a pressure sensing
device, a pressure sensing method using the pressure sensing
device, and an electronic terminal with the pressure sensing
device.

BACKGROUND

[0003] A pressure sensor is s device that is capable of
sensing a pressure signal, and converting the pressure signal
into an available output electrical signal in a specified rule.
At present, the pressure sensor devices in the market are
mainly formed by a strain gauge, such as a typical electronic
scale which requires a relatively large space but is provided
with low sensitivity.

Technical Problem

[0004] A purpose of the present application is to provide
a pressure sensing device, a pressure sensing method and an
electronic terminal, so as to solve the technical problem that
the pressure sensing devices in the prior art require a
relatively large space but are provided with low sensitivity.

SUMMARY

[0005] Embodiments of the present application provide a
pressure sensing device, which includes a substrate attached
to an object being tested, and a pressure sensor provided on
the substrate; wherein the pressure sensor includes at least
one thin-film piezoresistive sensor and at least four signal
wires respectively led out from four corners of the thin-film
piezoresistive sensor, a side of the thin-film piezoresistive
sensor is attached to the substrate, and resistivity distribution
of the thin-film piezoresistive sensor changes with deforma-
tion of the substrate when the substrate deforms, wherein
one opposing pair of the signal wires comprises one power
wire and one ground wire respectively, and another opposing
pair of the signal wires comprises differential wires, and
pressure on the object being tested is detected through
detecting voltage drop between the two differential wires.
[0006] Embodiments of the present application provide a
pressure sensing method, which uses the above-mentioned
pressure sensing device, and includes following steps of:
[0007] attaching the substrate to the object being tested;
[0008] making the thin-film piezoresistive sensor equiva-
lent to a first equivalent circuit, wherein the first equivalent
circuit comprises a bridge circuit provided with two pairs of
bridge arms, a first resistor connected between the two
differential wires, and a second resistor connected between
the power wire and the ground wire, two ends of the bridge
circuit are respectively connected to the power wire and the
ground wire, and another two ends of the bridge circuit are
respectively connected to the two differential wires;
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[0009] deleting the second resistor since the second resis-
tor in the first equivalent circuit has hardly little influence on
signal quantities, to obtain a second equivalent circuit,
wherein the second equivalent circuit comprises a bridge
circuit provided with two pairs of bridge arms, and a first
resistor connected between the two differential wires,
wherein two ends of the bridge circuit are respectively
connected to the power wire and the ground wire, and
another two ends of the bridge circuit are respectively
connected to the two differential wires;

[0010] making a triangle-shaped circuit composed of the
first resistor and the two bridge arms connected to the power
wire in the second equivalent circuit equivalent to a
Y-shaped circuit to obtain a third equivalent circuit;

[0011] obtaining a voltage equation of a center point of the
Y-shaped circuit and a voltage equation of the two differ-
ential wires according to Kirchhoff’s law; further, obtaining
a voltage drop equation between the two differential wires;
obtaining deformation of the substrate through conversion of
the voltage drop equation, and obtaining pressure on the
object being tested through conversion.

[0012] Embodiments of the present application provide an
electronic terminal, which includes an object being tested,
the above-mentioned pressure sensing device, and a pressure
sensing detection circuit electrically connected to the pres-
sure sensor, wherein the substrate is attached to the object
being tested.

BENEFICIAL EFFECTS

[0013] The pressure sensor used is the thin-film piezore-
sistive sensor with a certain area, the power wire, the ground
wire, and the two differential wires are led out from the ends
of'the thin-film piezoresistive sensor, and the pressure sensor
is provided on the substrate. The pressure sensor is provided
with advantages such as small area, small initial pressure
difference, high sensitivity, small temperature drift, strong
anti-interference ability, high anti-drop coefficient, and
stable reliability etc. The substrate is simply attached to the
object being tested which is to be subjected to pressure, the
pressure sensor is connected to the pressure sensing detec-
tion circuit, the object being tested deforms under pressure,
and the thin-film piezoresistive sensor deforms with the
deformation of the substrate 10. The deformation of the
substrate is detected through detecting the voltage drop AV
between the two differential wires, which is converted to
obtain the pressure on the object being tested, thereby
realizing a pressure-sensitive touch function. Both the pres-
sure sensing method using the pressure sensing device, and
the electronic terminal with the pressure sensing device can
realize the pressure-sensitive touch function.

DESCRIPTION OF THE DRAWINGS

[0014] In order to illustrate the technical solutions in the
embodiments of the present application more comprehen-
sively, the drawings needed to be used in the description for
the embodiments or the prior art will be briefly introduced
below. Obviously, the drawings in the following description
are merely some embodiments of the present application,
and other drawings may be obtained by those of ordinary
skill in the art based on these drawings without creative
labor.

[0015] FIG. 1 is a front view of a pressure sensing device
provided by an embodiment of the present application.
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[0016] FIG. 2 is a cross-sectional view of an electronic
terminal provided by an embodiment of the present appli-
cation.

[0017] FIG. 3 is a cross-sectional view of an electronic
terminal provided by another embodiment of the present
application.

[0018] FIG. 4 is a first equivalent circuit diagram of a
thin-film piezoresistive sensor applied in the pressure sens-
ing device of FIG. 1.

[0019] FIG. 5 is a second equivalent circuit diagram
equivalently obtained from the first equivalent circuit of
FIG. 4.

[0020] FIG. 6 is a diagram showing equivalent resistance
value changes of the second equivalent circuit of FIG. 5 after
pressed by an object being tested.

[0021] FIG. 7 is a third equivalent circuit diagram equiva-
lently obtained from the second equivalent circuit of FIG. 5.
[0022] FIG. 8 is a simulation diagram of voltage drop
between two differential wires when a first resistor Rx
changes.

[0023] FIG. 9 is a simulation diagram of voltage drop
between two differential wires when bridge arms Rm1 and
Rm?2 change.

EMBODIMENTS OF THE PRESENT
APPLICATION

[0024] In order to make the technical problem, technical
solutions, and beneficial effects to be solved by the present
application more comprehensible, the present application
will be further described in detail below with reference to the
accompanying figures and embodiments. It should be under-
stood that the specific embodiments described herein are
only used to explain the present application, but not to limit
the present application.

[0025] In the description of the embodiments of the pres-
ent application, it should be understood that orientations or
positional relations indicated by terms, such as “length”,
“width”, “upper”, “lower”, “front”, “rear”, “left”, “right”,
“vertical”, “horizontal”, “top”, “bottom”, “inner”, “outer”
and the like, are based on the orientations or positional
relations as shown in the figures, which are only to facilitate
description of the embodiments of the present application
and simplification of the description, but not to indicate or
imply that a specified device or element must be provided
with a specific orientation, be constructed and operated in a
specific orientation. Therefore, the orientations or positional
relations cannot be understood as a limitation to the embodi-
ments of the present application.

[0026] In addition, the terms “first” and “second” are only
used for descriptive purposes, and cannot be understood as
an indication or implication of relative importance or an
implicit indication of the number of an indicated technical
feature. As such, the features defined with “first” and “sec-
ond” may explicitly or implicitly include one or more of
these features. In the description of the present application,
“plurality” means two or more, unless otherwise specifically
defined.

[0027] In the embodiments of the present application,
unless otherwise clearly specified and defined, the terms
“mounting”, “connection”, “engagement”, “fixing” and the
like should be understood in a broad sense. For example, the
connection may be fixed connection or detachable connec-
tion, or one-piece; the connection may be mechanical con-
nection or electrical connection; the connection may be
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direct connection or indirect connection through an inter-
mediate medium, or may be internal communication of two
elements or interaction relationship between two elements.
For those of ordinary skill in the art, the specific meanings
of the above-mentioned terms in the embodiments of the
present application can be understood according to specific
conditions.

[0028] Please refer to FIGS. 1 to 3, an embodiment of the
present application provides a pressure sensing device 100.
The pressure sensing device 100 includes a substrate 10
attached to an object 200 being tested, and a pressure sensor
20 provided on the substrate 10. The pressure sensor 20
includes at least one thin-film piezoresistive sensor 21 and at
least four signal wires respectively led out from four corners
of the thin-film piezoresistive sensor 21. One side of the
thin-film piezoresistive sensor 21 is attached to the substrate
10, and resistivity distribution of the thin-film piezoresistive
sensor 21 changes with the deformation when the substrate
10 deforms, here one opposing pair of signal wires includes
one power wire VCC and one ground wire GND, and
another opposing pair of signal wires includes differential
wires Vm+ and Vm-. The pressure on the object 200 being
tested is detected through detecting voltage drop AV
between the two differential wires Vm+ and Vm-.

[0029] The pressure sensor 20 used is the thin-film
piezoresistive sensor 21 with a certain area, the power wire
VCC, the ground wire GND, and the two differential wires
Vm+ and Vm- are led out from the ends of the thin-film
piezoresistive sensor 21, and the pressure sensor 20 is
provided on the substrate 10. The pressure sensor 20 is
provided with advantages such as small area, small initial
pressure difference, high sensitivity, small temperature drift,
strong anti-interference ability, high anti-drop coefficient,
and stable reliability etc. The substrate 10 is simply attached
to the object 200 being tested which is to be subjected to
pressure, the pressure sensor 20 is connected to a pressure
sensing detection circuit, the object 200 being tested
deforms under pressure, and the thin-film piezoresistive
sensor 21 deforms with the deformation of the substrate 10.
The deformation of the substrate 10 is detected through
detecting the voltage drop AV between the two differential
wires Vm+ and Vm-, which is converted to obtain the
pressure of the object 200 being tested, thereby realizing a
pressure-sensitive touch function.

[0030] The object 200 being tested may be a panel or one
side of a mobile phone or the like. The substrate 10 is
provided as long stripe-shaped, and the pressure sensor 20 is
provided on the substrate 10, which can reduce material
consumption. The long stripe-shaped substrate 10 has two
outer edges 10a and two inner edges 105 located inside the
two outer edges 10a. The thin-film piezoresistive sensor 21
of the pressure sensor 20, the signal wires and bonding pads
22 at the ends of the signal wires are located within an area
between the two inner edges 105, as such the structure is
compact. The substrate 10 is a circuit board, and the pressure
sensor 20 is mounted on the circuit board, which is easy to
assemble, and it is convenient for the thin-film piezoresistive
sensor 21 to deform with the deformation of the substrate 10.
The circuit board is provided with circuit traces connected
with the pressure sensing detection circuit to perform signal
processing, thereby realizing pressure touch.

[0031] The pressure sensor 20 may be an NDT pressure
sensor. The thin-film piezoresistive sensor 21 of the pressure
sensor 20 is a one-piece structure with a certain area. When
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a force acts on the object 200 being tested, curvature of the
thin-film piezoresistive sensor 21 in its longitudinal direc-
tion increases due to influence of a tangential strain force,
and the curvature of the thin-film piezoresistive sensor 21 in
its transversal direction changes insignificantly. According
to characteristics (i.e., the resistance characteristics) of the
pressure sensor 20, the resistance value increases as the
curvature of the resistor increases, and the resistance value
decreases as the curvature of the resistor decreases. The
object 200 being tested deforms when subjected to pressure,
and the thin-film piezoresistive sensor 21 deforms as the
substrate 10 deforms. The voltage drop AV between the two
differential wires Vm+ and Vm- is used as a signal, and the
pressure on the object 200 being tested is obtained through
data processing on the voltage drop AV by the pressure
sensing detection circuit.

[0032] The pressure sensing device 100 may be made
relatively small, compact in structure, and may be applied to
different pressure sensing occasions. For example, the width
of the pressure sensing device 100 may be 2 mm or larger
than 2 mm.

[0033] Further, as a specific implementation of the pres-
sure sensing device 100 provided by the present application,
one pressure sensors 20 is provided; and when used in
multi-channels, at least two pressure sensors 20 are pro-
vided, and the pressure sensors 20 are arranged as an array
or distributed unevenly. The pressure sensing device 100 is
long stripe-shaped, which will undergo one-dimensional
deformation after subjected to pressure.

[0034] Further, as a specific implementation of the pres-
sure sensing device 100 provided by the present application,
the thin-film piezoresistive sensor 21 may be a strain sensor
involving in any type, including polycrystalline semicon-
ductor materials or amorphous semiconductor materials,
polycrystalline silicon, graphene, copper-nickel alloy, car-
bon nanotubes, thin metal wires, and conductor-insulator
composite materials, etc. All of the afore-mentioned solu-
tions can achieve pressure sensing.

[0035] Further, as a specific implementation of the pres-
sure sensing device 100 provided by the present application,
the thin-film piezoresistive sensor 21 is a pressure sensor
with a certain area, which may have a shape such as regular
polygon, variation polygon, ellipse, circle, and the like. All
of the afore-mentioned solutions can achieve pressure sens-
ing. The present application is illustrated by taking a square
resistor as an example.

[0036] Further, referring to FIG. 3, as a specific embodi-
ment of the pressure sensing device 100 provided by the
present application, the substrate 10 is a printed circuit board
11, the ends of the four signal wires are connected to the
printed circuit board 11, and the pressure sensor 20 is printed
on the printed circuit board 11. The printed circuit board 11
may be a paper substrate, a metal substrate, a composite
substrate, a glass fiber cloth substrate, a ceramic substrate, or
the like. Alternatively, referring to FIG. 2, the substrate 10
includes a flexible circuit board 12 and a reinforcing sheet 13
provided on the flexible circuit board 12, and the ends of the
four signal wires are connected to the flexible circuit board
12. The pressure sensor 20 is printed on the flexible circuit
board 12. The reinforcing sheet 13 may be a stainless steel
sheet, a glass fiber epoxy copper-clad sheet (FR-4), an
aluminum sheet or other materials provided with certain
rigidity. The above two solutions are both easy to assemble,
and are convenient for the thin-film piezoresistive sensor 21
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to deform with the deformation of the substrate 10, which
can be selected according to needs.

[0037] Further, referring to FIG. 1, as a specific imple-
mentation of the pressure sensing device 100 provided by
the present application, the signal wires may be various
conductors, for example, metals such as Cu (copper), Ni
(nickel), Ag (silver), Au (Gold) etc., or metal compounds, or
may also be C (carbon) powder or conductive nanotubes, or
may be oxide powder etc. The above-mentioned structure is
easy to mold, and it is convenient to connect the four ends
of the thin-film piezoresistive sensor 21 to the circuit board.
[0038] Further, referring to FIGS. 2 and 3, as a specific
implementation of the pressure sensing device 100 provided
by the present application, a side of the substrate 10 facing
away from the pressure sensor 20 is provided with an
adhesive 30 for bonding with the object being tested 200.
The use of the adhesive 30 facilitates the assembly of the
pressure sensing device 100 against the surface of the object
200 being tested. The adhesive 30 may be VHB tape or other
adhesives.

[0039] Further, as a specific implementation of the pres-
sure sensing device 100 provided by the present application,
the width of the pressure sensing device 100 is greater than
or equal to 1 mm. The pressure sensing device 100 may be
applied to occasions where the space is relatively small (less
than 1 mm).

[0040] Further, referring to FIG. 1, as a specific imple-
mentation of the pressure sensing device 100 provided by
the present application, one of the sides of the thin-film
piezoresistive sensor 21 is parallel to an arrangement direc-
tion of the pressure sensor 20. This structure is compact and
occupies a small space. The thin-film piezoresistive sensor
21 may be equivalent to the following first equivalent
circuit, second equivalent circuit, and third equivalent cir-
cuit, and longitudinal directions of bridge arms Rm1 and
Rm2 in the first equivalent circuit are parallel to the arrange-
ment direction of the sensor 20, and longitudinal directions
of'bridge arms Rfl and Rf2 are perpendicular to the arrange-
ment direction of the pressure sensors 20.

[0041] Further, as a specific implementation of the pres-
sure sensing device 100 provided by the present application,
a deformation direction of the pressure sensor 20 is parallel
to the longitudinal direction of the pressure sensing device
100. The pressure sensing device 100 is long stripe-shaped,
and will undergo one-dimensional deformation after sub-
jected to pressure. The thin-film piezoresistive sensor 21
may be equivalent to the following first equivalent circuit,
second equivalent circuit, and third equivalent circuit. The
longitudinal directions of the signal wires are parallel to the
arrangement direction of the pressure sensors 20. This
structure is compact and occupies a small space.

[0042] Referring to FIGS. 1 to 3, an embodiment of the
present application provides a pressure sensing method,
which adopts the pressure sensing device 100 of any of the
above embodiments, and includes the following steps of:

[0043] attaching the substrate 10 to the object 200 being
tested;
[0044] leading out the four wires from the four corners of

the thin-film piezoresistive sensor 21, here each two of the
wires is provided with a certain impedance, and making the
thin-film piezoresistive sensor 21 equivalent to a first
equivalent circuit (as shown in FIG. 4), here the first
equivalent circuit includes a bridge circuit with two pairs of
bridge arms, a first resistor Rx connected between the two
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differential wires Vm+ and Vm-, and a second resistor Ry
connected between the power wire VCC and the ground wire
GND, two ends of the bridge circuit are respectively con-
nected to the power wire VCC and the ground wire GND,
and another two ends of the bridge circuit are respectively
connected to the two differential wires Vm+ and Vm-—;
[0045] here resistance value change of the second resistor
Ry will not affect voltage values of Vm+ and Vm-, and
difference between signal quantities indicated by Vm+ and
Vm-, which is convenient for calculation and has hardly
little influence on the signal quantities; deleting the second
resistor Ry in the first equivalent circuit to obtain the second
equivalent circuit (as shown in FIG. 5), here the second
equivalent circuit includes the bridge circuit with two pairs
of bridge arms, and the first resistor Rx connected between
the two differential wires Vm+ and Vm-, two ends of the
bridge circuit are respectively connected to the power wire
VCC and the ground wire GND, and the another two ends
of the bridge circuit are respectively connected to the two
differential wires Vm+ and Vm-;

[0046] here in the first equivalent circuit, the voltage drop
AV between the two differential wires Vm+ and Vm- is used
as one signal, and the second resistor Ry is connected
between the power wire VCC and the ground wire GND;
since the signal is equal to potential difference between the
two differential wires Vm+ and Vm-, the change of the
resistance value of the second resistor Ry does not affect the
signal, therefore, the second resistor Ry may be deleted and
thus the first equivalent circuit may be equivalent to the
second equivalent circuit;

[0047] making a triangle-shaped circuit composed of the
first resistor Rx and the two bridge arms Rfl and Rm2
connected to the power wire VCC in the second equivalent
circuit equivalent to a Y-shaped circuit to obtain the third
equivalent circuit (as shown in FIG. 7);

[0048] obtaining a voltage equation of a center point of the
Y-shaped circuit and a voltage equation of the two differ-
ential wires Vm+ and Vm- according to Kirchhoff’s law;
further, obtaining a voltage drop equation between the two
differential wires Vm+ and Vm-~—; obtaining deformation of
the substrate 10 through conversion of the voltage drop
equation, and obtaining the pressure of the object 200 being
tested through conversion.

[0049] The width of the pressure sensing device 100 may
be 2 mm or larger. The pressure sensor 20 used is a thin-film
piezoresistive sensor 21 with a certain area, and the power
wire VCC, the ground wire GND and the two differential
wires Vm+ and Vm- are led out from the ends of the
thin-film piezoresistive sensor 21 respectively, and the pres-
sure sensor 20 is provided on the substrate 10. The pressure
sensor 20 has the advantages such as small area, small initial
pressure difference, high sensitivity, small temperature drift,
strong anti-interference ability, high anti-drop coefficient,
and stable reliability etc. The substrate 10 is simply attached
to the object 200 being tested that is to be subjected to
pressure, the pressure sensor 20 is connected to the pressure
sensing detection circuit, the object 200 being tested
deforms when subjected to pressure, and the thin-film
piezoresistive sensor 21 deforms as the substrate 10
deforms. Through detecting the voltage drop AV between
the two differential wires Vm+ and Vm-—, the deformation of
the substrate 10 is detected, and the pressure on the object
200 being tested is obtained through conversion, so as to
realize the pressure-sensitive touch function. The pressure
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sensing method using the pressure sensing device 100 can
realize the pressure-sensitive touch function.

[0050] Further, as a specific implementation of the pres-
sure sensing method provided by the present application, the
thin-film piezoresistive sensor 21 is a square resistor, and the
resistance values of the respective bridge arms (Rfl, Rf2,
Rml, Rm2) are equal, that is, Rfl=Rm1=Rm2=R{2; the
resistance value of the first resistor Rx is equal to the
resistance value of the second resistor Ry, that is, Rx=Ry;
these are obtained based on the symmetry of the resistors. It
is understandable that, the thin-film piezoresistive sensor 21
may also be other shape such as regular polygon, variation
polygon, ellipse, circle, or the like, and all these structures
can perform pressure sensing by adopting the above-men-
tioned pressure sensing method.

[0051] Further, as a specific implementation of the pres-
sure sensing method provided by the present application,
please refer to FIG. 4, in the first equivalent circuit, regard-
ing the two pairs of bridge arms of the bridge circuit, one
pair of bridge arms are denoted as Rfl and Rf2, and another
pair of bridge arms are denoted as Rml, Rm2, the first
resistor is denoted as Rx, and the second resistor is denoted
as Ry; the longitudinal directions of the bridge arms Rm1
and Rm2 are parallel to the arrangement direction of the
pressure sensor 20, and the longitudinal directions of the
bridge arms Rfl and Rf2 are perpendicular to the arrange-
ment direction of the pressure sensor 20.

[0052] Please refer to FIG. 7, the three equivalent resistors
of the Y-shaped circuit in the third equivalent circuit are
denoted as Ra, Rb, and Rc respectively. Through comparing
voltage-current relationships of the triangle-shaped circuit
and the Y-shaped circuit, the following may be obtained:

Ra = Rfl«Rm2
= RFL+ R+ Ry’
Ro= _ FILeRY
Rf1+ Rm2+ Rx
Rm2 % Rx
Re

T RfL+Rm2+Rx’

[0053] According to the Kirchhoff’s law, the following
equation is obtained:

[0054] the voltage equation at the center point of the
Y-shaped circuit is:

(Rb+ Rm1)(Re + Rf2)

Rb+ Rml + Rc + Rf2
(Rb+ RmD)(Rc + Rf2) °
Rb+ Rml + Rc + Rf2

VS =VCCx

[0055]

is:

the voltage equation of one differential wire Vm+

VS« Rml

Vim += ;
T R+ Rml
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[0056]
Vm- is:

the voltage equation of another differential wire

VS«Rf2.

Vm—= 222,
T Re+ RS2

[0057] and the voltage drop equation between the two
differential wires Vm+ and Vm- is:

(RmlRm2 — Rf1Rf2)Rx + VCC
Rm1Rm2Rx + Rf LRm2(Rm] + Rx) +
Rf2Rm1(Rm2 + Rx) +
RfLRf2(Rml + Rm2 + Rx)

AV = (Vin+) — (Vi —) =

[0058] In the above voltage drop equation, there are mul-
tiple variables such as Rm1, Rm2, Rfl, and Rf2. In order to
study the influence of each variable on the voltage drop AV,
the partial derivatives of the voltage drop AV relative to the
respective variables are calculated below, and the monoto-
nicity of each variable on the voltage drop AV is considered.

[0059] (1) Obtain the partial derivative of AV with respect
to Rm1:
Rf1 (Rf2+Rm2) Rx [RF1Rf2+
a1A 1= Rm2 Rx + Rf2 (Rm2 + Rx)]VCC
AV, Rml] = T TR Rx + RF2 (R + K] +
Rf1 [Rm2(Rml + Rx) +
Rf2 (Rml + Rm2 + Rx)]}?
[0060] - 2[AV, Rml] is a positive number.
[0061] .. The function of AV with respect to Rml is

monotonically increasing.

[0062] (2) Obtain the partial derivative of AV with respect
to Rm2:
A[AV, Rm2] =

Rf2 (Rf1+Rml) Rx [RmlRx+ Rf1 (Rf2+ Rm2+ Rx)]VCC

{Rml [Rm2Rx+ Rf2 (Rm2+ Rx)] +
Rf1 [Rm2(Rml + Rx) +
Rf2 (Rml + Rm2 + Rx)]}?

[0063] - 2[AV, Rm2] is a positive number.
[0064] .. The function of AV with respect to Rm2 is

monotonically increasing.

[0065] (3) Obtain the partial derivative of AV with respect
to Rfl:
A[AV, Rf1] =
Rml (Rf2+ Rm2) Rx [Rm2(Rml + Rx) + Rf2 (Rm2 + Rx)]VCC
B {Rml [Rm2Rx+ Rf2 (Rm2 + Rx)] +
Rf1 [Rm2(Rml + Rx) +
Rf2 (Rml + Rm2 + Rx)]\?
[0066] . S[AV, Rfl] is a negative number.
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[0067] 4 The function of AV with respect to Rfl is mono-
tonically decreasing.

[0068] (4) Obtain the partial derivative of AV with respect
to Rf2:
(Rf1 + Rml) Rm2 Rx [Rf1 (Rml +
SIAV. RFY] = Rx) + Rml (Rm2 + Rx)|]VCC
[AV, Rf2] = - {Rml [Rm2Rx+ Rf2 (Rm2 + Rx)| +
Rf1 [Rm2(Rml + Rx)+
Rf2 (Rml + Rm2 + Rx)])?
[0069] - [AV, Rf2] is a negative number.
[0070] 4 The function of AV with respect to Rf2 is mono-

tonically decreasing.

[0071] Referring to FIGS. 1 to 3, when the force F acts on
the object 200 being tested, the curvature of the thin-film
piezoresistive sensor 21 in the longitudinal direction
increases due to the influence of the tangential strain force,
and the curvature of the thin-film piezoresistive sensor 21 in
the transversal direction changes insignificantly. According
to the characteristics of the pressure sensor 20, the resistance
value increases as the curvature of the thin-film piezoresis-
tive sensor 21 becomes larger; and the resistance value
decreases as the curvature of the thin-film piezoresistive
sensor 21 becomes smaller. The object 200 being tested
deforms when subjected to pressure, and the thin-film
piezoresistive sensor 21 deforms with the deformation of the
substrate 10.

[0072] The longitudinal directions of the bridge arms Rm1
and Rm2 are parallel to the arrangement direction of the
pressure sensors 20, and the longitudinal directions of the
bridge arms Rfl and Rf2 are perpendicular to the arrange-
ment direction of the pressure sensors 20. FIG. 6 is a
diagram of the equivalent resistance change of the second
equivalent circuit after the object 200 being tested is pressed.
[0073] According to symmetry, suppose that the resistance
change of Rm1 and Rm2 are both AR1, and the resistance
change of Rx is AR2. Since the curvatures of Rfl and Rf2
change very little, it is assumed here that Rfl and Rf2 remain
unchanged.

[0074] It can be seen from the above that the relationship
between the voltage drop AV (signal) between the two
differential wires Vm+ and Vm- and the resistance values of
the bridge is:

(Rm1Rm2 — RFLRf2)Rx « VCC
Rm1Rm2Rx + Rf IRm2(Rml + Rx) +°
Rf2Rm1(Rm2 + Rx) +
RfLRf2(Rml + Rm2 + Rx)

AV = (Vin+) — (Vi =) =

[0075] and the function of AV with respect to Rm1 and the
function of AV with respect to Rm2 are both monotonically
increasing.

[0076] The above voltage drop equation also includes a
variable of Rx, and the change of Rx has a very small effect
on the voltage drop AV.

[0077] Itis verified by simulation below that the change of
Rx has a very small effect on the voltage drop AV. Take an
example, during pressing, set RfI=Rf2=5 kQ,
Rm1=Rm2=5000.5€2, Rx increases from 5 k with 1Q as a
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step, the curve of AV through the simulation is as shown in
FIG. 8, where the horizontal axis indicates the resistance
value (the unit is Q). In the above example, when the
resistance value of Rx changes by one-thousandth, the
change of AV does not exceed one-thousandth. Simulations
of Rx are performed with other resistance values, which
show very little influence on AV. It can be seen that the
change amount caused by the pressure change effect Rx has
a very small effect on AV.

[0078] It is verified by simulation below that the increas-
ing resistance values of Rm1 and Rm2 can make the voltage
drop AV increase monotonically. Set Rf1=R{2=5 kQ, Rm1
and Rm2 are both increased by a resistance value of 0.5€2,
and the curve of AV can be obtained by simulation as shown
in FIG. 9, where the horizontal axis indicates the resistance
value (the unit is Q). It can be seen that the increasing
resistance values of Rm1l and Rm2 due to the pressure
change effect can make AV increase monotonically.

[0079] Therefore, when a force is applied to the pressure
sensing device 100, Rm1 and Rm?2 become larger, and when
Rfl or Rf2 are basically unchanged, the signal AV will
increase in a positive direction. Moreover, the greater the
applied force, the greater the signal AV, and pressure touch
control can be realized after signal processing.

[0080] Referring to FIGS. 1 to 3, an embodiment of the
present application provides an electronic terminal, which
includes the object 200 being tested, the pressure sensing
device 100 of any of the above embodiments, and the
pressure sensing detection circuit electrically connected to
the pressure sensor 20, and the substrate 10 is attached to the
object 200 being tested.

[0081] The width of the pressure sensing device 100 may
be 2 mm or larger. The pressure sensor 20 used is a thin-film
piezoresistive sensor 21 with a certain area, and the power
wire VCC, the ground wire GND and the two differential
wires Vm+ and Vm- are led out from the ends of the
thin-film piezoresistive sensor 21 respectively, and the pres-
sure sensor 20 is provided on the substrate 10. The pressure
sensor 20 has the advantages such as small area, small initial
pressure difference, high sensitivity, small temperature drift,
strong anti-interference ability, high anti-drop coefficient,
and stable reliability etc. The substrate 10 is simply attached
to the object 200 being tested that is to be subjected to
pressure, the pressure sensor 20 is connected to the pressure
sensing detection circuit, the object 200 being tested
deforms when subjected to pressure, and the thin-film
piezoresistive sensor 21 deforms as the substrate 10
deforms. Through detecting the voltage drop AV between
the two differential wires Vm+ and Vm-—, the deformation of
the substrate 10 is detected, and the pressure on the object
200 being tested is obtained through conversion, so as to
realize the pressure-sensitive touch function. The electronic
terminal with the pressure sensing device 100 can realize the
pressure-sensitive touch function.

[0082] The pressure sensing detection circuit serves as a
signal processing circuit, which analyzes and processes the
electrical signal from the pressure sensor 20 and transmits it
to a main controller of the electronic terminal together with
touch position information detected by a panel. In this way,
the precise pressure of the touch can be obtained while
identifying the touch position.

[0083] The pressure sensing detection circuit is configured
to detect the electrical signal obtained by a pressure sensing
component, and configured to process and analyze the
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electrical signal. The thin-film piezoresistive sensor 21 of
the pressure sensor 20 is connected to the pressure sensing
detection circuit through a signal wire, of course, the signal
wire only describes a method of connecting the thin-film
piezoresistive sensor 21 to the pressure sensing detection
circuit. As other embodiments, the pressure sensor 20 may
also be directly or indirectly electrically connected to the
detection circuit in other ways.

[0084] The pressure sensing detection circuit may be used
as a control center, which receives control information
transmitted by the pressure sensor 20, and then controls the
electronic terminal. The pressure sensing detection circuit is
usually described as a combination of hardware and soft-
ware provided with multiple processing methods. The hard-
ware and software are configured to communicate the con-
trol information input by the pressure sensor 20 with a
system associated with a customer through feedback and
perform additional associated tasks or functions.

[0085] The pressure sensing detection circuit may be
implemented as a general-purpose processor, a content
addressable memory, a digital signal processor, a digital-to-
analog switch, a programmable logic device, a discrete
hardware assembly or other combinations; at the same time,
algorithm and software information related to the pressure
touch screen/pressure sensing system is embedded in its
interior.

[0086] The hardware and software in the pressure sensing
detection circuit are configured to perform a variety of
functions, technologies, feedback, and processing tasks
associated with the client system.

[0087] Further, as a specific implementation of the elec-
tronic terminal provided by the present application, the
object 200 being tested is a panel or a frame. The pressure-
sensitive touch function of the panel or frame is realized.
[0088] The above description only describes preferred
embodiments of the present application, which are not
intended to limit the present application. Any modification,
equivalent replacement and improvement etc. made within
the spirit and principle of the present application shall be
included within the protection scope of the present applica-
tion.

1. A pressure sensing device, comprising:

a substrate attached to an object being tested, and

a pressure sensor provided on the substrate;

wherein the pressure sensor comprises:

at least one thin-film piezoresistive sensor, and

at least four signal wires respectively led out from four

corners of the thin-film piezoresistive sensor, wherein a
side of the thin-film piezoresistive sensor is attached to
the substrate, and resistivity distribution of the thin-film
piezoresistive sensor changes with deformation of the
substrate when the substrate deforms, wherein one
opposing pair of the signal wires comprises one power
wire and one ground wire respectively, and another
opposing pair of the signal wires comprises differential
wires, and pressure on the object being tested is
detected through detecting voltage drop between the
two differential wires.

2. The pressure sensing device of claim 1, wherein the
pressure sensing device is provided with one pressure sen-
sors; or the pressure sensing device is provided with at least
two pressure sensors, and the pressure sensors are arranged
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as an array; or the pressure sensing device is provided with
at least two pressure sensors, and the pressure sensors are
distributed unevenly.

3. The pressure sensing device of claim 1, wherein the
thin-film piezoresistive sensor is made of at least one
material of: a polycrystalline semiconductor material, an
amorphous semiconductor material, polycrystalline silicon,
graphene, a copper-nickel alloy, a carbon nanotube, a thin
metal wire, and a conductor-insulator composite material;
and/or

the signal wires are made of at least one material of: a

metal, a metal compound, carbon powder, a conductive
nanotube, and oxide powder.

4. The pressure sensing device of claim 1, wherein the
thin-film piezoresistive sensor has a shape of regular poly-
gon, variation polygon, ellipse, or circle.

5. The pressure sensing device of claim 1, wherein the
substrate is a printed circuit board, and ends of the four
signal wires are connected to the printed circuit board.

6. The pressure sensing device of claim 5, wherein the
printed circuit board is a paper substrate, a metal substrate,
a composite substrate, a glass fiber cloth substrate or a
ceramic substrate.

7. The pressure sensing device of claim 1, wherein the
substrate comprises a flexible circuit board and a reinforcing
sheet arranged on the flexible circuit board, and ends of the
four signal wires are connected to the flexible circuit board.

8. The pressure sensing device of claim 7, wherein the
reinforcing sheet is a stainless steel sheet, a glass fiber epoxy
resin copper-clad sheet, or an aluminum sheet.

9. The pressure sensing device of claim 1, wherein a side
of the substrate facing away from the pressure sensor is
provided with an adhesive for bonding with the object being
tested.

10. The pressure sensing device of claim 1, wherein the
width of the pressure sensing device is greater than or equal
to 1 mm.

11. The pressure sensing device of claim 1, wherein one
side of the thin-film piezoresistive sensor is parallel to an
arrangement direction of the pressure sensor.

12. The pressure sensing device of claim 1, wherein a
deformation direction of the pressure sensor is parallel to a
longitudinal direction of the pressure sensing device.

13. A pressure sensing method, using a pressure sensing
device comprising:

a substrate attached to an object being tested, and

a pressure sensor, provided on the substrate, and com-

prising at least one thin-film piezoresistive sensor and
at least four signal wires respectively led out from four
corners of the thin-film piezoresistive sensor;

wherein a side of the thin-film piezoresistive sensor is

attached to the substrate, and resistivity distribution of
the thin-film piezoresistive sensor changes with defor-
mation of the substrate when the substrate deforms,
wherein one opposing pair of the signal wires com-
prises one power wire and one ground wire respec-
tively, and another opposing pair of the signal wires
comprises differential wires;

wherein the method comprises following steps of:

attaching the substrate to the object being tested;

making the thin-film piezoresistive sensor equivalent to a

first equivalent circuit, wherein the first equivalent
circuit comprises a bridge circuit provided with two
pairs of bridge arms, a first resistor connected between
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the two differential wires, and a second resistor con-
nected between the power wire and the ground wire,
two ends of the bridge circuit are respectively con-
nected to the power wire and the ground wire, and
another two ends of the bridge circuit are respectively
connected to the two differential wires;

deleting the second resistor, to obtain a second equivalent
circuit, wherein the second equivalent circuit comprises
a bridge circuit provided with two pairs of bridge arms,
and a first resistor connected between the two differ-
ential wires, wherein two ends of the bridge circuit are
respectively connected to the power wire and the
ground wire, and another two ends of the bridge circuit
are respectively connected to the two differential wires;

making a triangle-shaped circuit composed of the first
resistor and the two bridge arms connected to the power
wire in the second equivalent circuit equivalent to a
Y-shaped circuit to obtain a third equivalent circuit;

obtaining a voltage equation of a center point of the
Y-shaped circuit and a voltage equation of the two
differential wires according to Kirchhoff’s law; further,
obtaining a voltage drop equation between the two
differential wires; obtaining deformation of the sub-
strate through conversion of the voltage drop equation,
and obtaining pressure on the object being tested
through conversion.

14. The pressure sensing method of claim 13, wherein in
the first equivalent circuit, regarding the two pairs of bridge
arms of the bridge circuit, one pair of the bridge arms are
denoted as Rfl and Rf2, and another pair of the bridge arms
are denoted as Rm1, Rm2, the first resistor is denoted as Rx,
and the second resistor is denoted as Ry; longitudinal
directions of the bridge arms Rm1 and Rm?2 are parallel to
an arrangement direction of the pressure sensor, and longi-
tudinal directions of the bridge arms Rfl and Rf2 are
perpendicular to the arrangement direction of the pressure
sensor;

wherein three equivalent resistors of the Y-shaped circuit
in the third equivalent circuit are denoted as Ra, Rb,
and Rc respectively;

Rf1 %« Rm2
Ro= ———;
Rf1+ Rm2+ Rx

Rb Rf1«Rx

T R +Rm2+ Ry’

Rm2 « Rx
Re= ———;
Rf1+ Rm2 + Rx

the voltage equation at the center point of the Y-shaped
circuit is:

(Rb+ Rm1)(Rc + Rf2)

Rb+Rml+Rc+Rf2
(Rb+ Rm1)(Rc + Rf2)’
Rb+ Rml + Rc + Rf2

VS =VCCx
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the voltage equation of one of the differential wires is:

VS« Rml

Vm = T Rl

the voltage equation of another one of the differential

wires is:
Yo VS*RI2
T Re+Rf2
and
the voltage drop equation between the two differential
wires is:

(Rm1Rm2 — RFLRF2)Rx « VCC
Rm1Rm2Rx + Rf IRm2(Rml + Rx) +°
Rf2Rm1(Rm2 + Rx) +
RfLRf2(Rml + Rm2 + Rx)

AV = (Vin+) — (Vi —) =

15. The pressure sensing method of claim 13, wherein the
thin-film piezoresistive sensor is a square resistor, resistance
values of the respective bridge arms are equal, and a
resistance value of the first resistor is equal to a resistance
value of the second resistor.

16. An electronic terminal, comprising an object being
tested, a pressure sensing device, and a pressure sensing
detection circuit;
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wherein the pressure sensing device comprises:

a substrate attached to the object being tested, and

a pressure sensor, provided on the substrate, and com-

prising at least one thin-film piezoresistive sensor and
at least four signal wires respectively led out from four
corners of the thin-film piezoresistive sensor;

wherein a side of the thin-film piezoresistive sensor is

attached to the substrate, and resistivity distribution of
the thin-film piezoresistive sensor changes with defor-
mation of the substrate when the substrate deforms,
wherein one opposing pair of the signal wires com-
prises one power wire and one ground wire respec-
tively, and another opposing pair of the signal wires
comprises differential wires;

wherein the pressure sensing detection circuit is electri-

cally connected to the pressure sensor, and the substrate
is attached to the object being tested.

17. The electronic terminal of claim 16, wherein the
object being tested is a panel or a frame.

18. The electronic terminal of claim 16, wherein the
substrate is a printed circuit board, and ends of the four
signal wires are connected to the printed circuit board.

19. The electronic terminal of claim 16, wherein the
substrate comprises a flexible circuit board and a reinforcing
sheet arranged on the flexible circuit board, and ends of the
four signal wires are connected to the flexible circuit board.

20. The electronic terminal of claim 16, wherein a side of
the substrate facing away from the pressure sensor is pro-
vided with an adhesive for bonding with the object being
tested.



