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(54) BUTTON AND ELECTRONIC DEVICE

(57)  This application relates to the field of electronic
device technologies, and provides a button and an
electronic device, to resolve a problem of low accuracy
of the button in detecting pressing force. The button
includes a button cap, an elastic beam, a haptic feed-
back component, sensors, and support structures. The
button cap has a pressing surface for a user to press.
The elastic beam is connected to the button cap. The
haptic feedback component includes a first magnet and
a second magnet. The first magnet and a second beam
body are arranged opposite to and spaced apart from
each other, and the second magnet is disposed on the
elastic beam. The sensor is located on the elastic
beam, and is configured to sense a deformation
amount of the elastic beam. The support structure is
separately fixedly connected to the elastic beam and
the first magnet. A connection position of the support
structure on the elastic beam is located between the
sensor and the second magnet.
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Description

[0001] This application claims priority to Chinese Pa-
tent Application No. 202410236129.6, filed with the
China National Intellectual Property Administration on
February 29, 2024, and entitled "BUTTON AND ELEC-
TRONIC DEVICE", which is incorporated herein by re-
ference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of this application relate to the
field of electronic device technologies, and in particular,
to a button and an electronic device.

BACKGROUND

[0003] An electronic device usually has one or more
buttons. A user may correspondingly actuate these but-
tons, so that the electronic device correspondingly im-
plements corresponding functions. For example, a mo-
bile phone has a volume-up button, a volume-down
button, a lock-screen button, and the like. The user
can actuate the volume-up button to increase a play-
back volume of the electronic device, actuate the vo-
lume-down button to decrease the playback volume of
the electronic device, and actuate the lock-screen but-
ton to lock a screen of the electronic device.

[0004] With the development of button technologies,
two types of button technologies have been emerged:
mechanical buttons (mechanical buttons) and solid-
state buttons (solid buttons). Implementation of func-
tions of the mechanical buttons relies on mechanical
movement of the buttons. When a mechanical button
is pressed, metal contacts inside the mechanical button
form a circuit connection, to trigger an electrical signal.
Implementation of functions of the solid-state buttons
relies on pressure sensors, which can detect a change
in pressing force to trigger electrical signals.

[0005] The mechanical button typically has only a
single function, and a user inputs a command by press-
ing the mechanical button. To continuously issue a
command, the user needs to repeatedly press the me-
chanical button, resulting in low interaction efficiency. In
contrast, a solid-state button based on a pressure sen-
sor can intelligently identify a touch operation of a user,
for example, identify a force magnitude, duration, and a
position of a touch on the solid-state button, to distin-
guish touch commands such as light press, hard press,
tap, and slide, so that interaction functionality of the
button can be greatly expanded. Accordingly, interac-
tion efficiency of the solid-state button is high.

SUMMARY
[0006] Embodiments of this application provide a but-

ton and an electronic device, to resolve a problem of
low accuracy of the button in detecting pressing force.
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[0007] To achieve the foregoing objective, the follow-
ing technical solutions are used in embodiments of this
application.

[0008] According to a first aspect, a button is pro-
vided. The button includes a button cap, an elastic
beam, a haptic feedback component, sensors, and
support structures. The button cap has a pressing sur-
face for a user to press. The elastic beam is connected
to the button cap, and the elastic beam deforms under
pressing force provided by the button cap. The haptic
feedback component includes a first magnet and a sec-
ond magnet. The first magnet and the second magnet
are arranged opposite to and spaced apart from each
other, and the second magnet is disposed on the elas-
tic beam. The second magnet and the first magnet
move relative to each other and drive the elastic beam
to vibrate. The sensor is located on the elastic beam,
and is configured to sense a deformation amount of the
elastic beam. The support structure is separately fix-
edly connected to the elastic beam and the first mag-
net. A connection position of the support structure on
the elastic beam is located between the sensor and the
second magnet.

[0009] The button enables a haptic feedback compo-
nent and sensors to be decoupled as much as possi-
ble, so that when haptic feedback is activated and the
haptic feedback component drives an elastic beam to
vibrate, an impact of vibration on accuracy of the sen-
sor in detecting the pressing force of the user is re-
duced or even eliminated. In this way, the button can
provide enhanced haptic feedback and accurate detect
the pressing force of the user when the haptic feedback
is activated. In addition, the haptic feedback compo-
nent is decoupled from the sensor by using the support
structure. In this case, a sensor used for pressure de-
tection and a part used as the haptic feedback compo-
nent can be independently selected during button de-
sign, so that design difficulty of the button is simplified.
[0010] A connection position of the support structure
on the elastic beam is referred to as a second connec-
tion position. The second connection position may di-
vide the elastic beam into a first beam body and a
second beam body. The first beam bodies are each
located at an outer side of the second connection posi-
tion, and the second beam body is located at an inner
side of the second connection position. It may be un-
derstood that the first beam bodies are parts of the
elastic beam that are connected to external structures.
The second beam body is a part between the two sec-
ond connection positions where two support structures
are connected to the elastic beam. The second connec-
tion position belongs to neither the first beam body nor
the second beam body.

[0011] The sensor and the second magnet are re-
spectively located at two sides of the support structure.
The sensor is disposed on the first beam body, and the
second magnet is disposed on the second beam body.
For example, the second magnet may alternatively be
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disposed between two second connection positions
where two support structures and the elastic beam are
connected.

[0012] The first magnet, the two support structures,
and the second beam body of the elastic beam are
fixedly connected end to end to jointly form a stable
structure. In the stable structure, electromagnetic force
generated between the first magnet and the second
magnet inside the haptic feedback component func-
tions as internal force of the stable structure. In this
way, the support structures implement decoupling be-
tween the haptic feedback component and the sensors.
An impact of vibration of the second beam body along
with the second magnet on deformation of the first
beam body may be reduced or even eliminated, there-
by improving accuracy of the sensor on the first beam
body in detecting the pressing force.

[0013] For example, the second magnet is controlled
by an alternating current signal to generate electromag-
netic force with the first magnet, to drive the second
beam body of the elastic beam to vibrate. The support
structure fixes and supports the second connection po-
sition between the second beam body and the first
beam body of the elastic beam, to reduce or even elim-
inate the impact of vibration of the second beam body
on deformation of the first beam body, so that an impact
of the haptic feedback on accuracy of the sensor on the
first beam body in detecting the pressing force after the
haptic feedback is activated can be reduced or even
eliminated, thereby improving the accuracy of the but-
ton in detecting the pressing force of the user after the
haptic feedback is activated.

[0014] When the button cap is subjected to pressing
force of the user, the button cap provides a pressure to
the second beam body of the elastic beam, to press the
second beam body downward. In addition, when the
button cap is subjected to pressing force of the user,
the signal controller outputs the alternating current sig-
nal to a coil of the second magnet, so that the second
magnet and the first magnet vibrate, and the vibration
is transmitted back to the button cap through the sec-
ond beam body, so that a finger of the user can sense
the haptic feedback.

[0015] When the button cap is subjected to pressing
force of the user, two second connection positions of
the elastic beam are supported and fixed by the two
support structures. Fixation of the second connection
positions can reduce or even eliminate an impact of
deformation of the second beam body on the first beam
body, thereby improving the accuracy of the sensor on
the first beam body in detecting the pressing force of
the user.

[0016] Therefore, the button provided in embodi-
ments of this application can ensure enhanced haptic
feedback to the user and improve the accuracy of de-
tecting the pressing force of the user.

[0017] In a possible implementation of the first as-
pect, the support structure includes a rigid part, a first
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end of the rigid part is fixedly connected to the elastic
beam, and a second end of the rigid part is fixedly con-
nected to the first magnet.

[0018] The rigid part may be manufactured and
formed of one or more rigid materials such as stainless
steel and titanic alloy.

[0019] One end of the rigid part is fixedly connected
to the elastic beam, and the other end of the rigid part is
fixedly connected to the first magnet.

[0020] When the haptic feedback component vi-
brates to cause the second beam body to move toward
the first magnet, the rigid part is subjected to a pres-
sure, internal stress is generated in the rigid part, and
the first magnet is pressed downward.

[0021] In this way, the rigid part and the first magnet
under the pressure may generate counter-acting force
to resist the pressure, and provide supporting force for
the second connection position. The supporting force
provided by the rigid part for the second connection
position reduces or even eliminates an impact of move-
ment of the second beam body toward the first magnet
on deformation of the first beam body, so that an impact
on the accuracy of a sensor on the first beam body in
detecting the pressing force of the user after the haptic
feedback is activated can be reduced or even elimi-
nated, thereby improving the accuracy of the button in
detecting the pressing force of the user after the haptic
feedback is activated.

[0022] The vibration is bidirectional. Vibration gener-
ated by the haptic feedback component also causes
the second beam body to move away from the first
magnet.

[0023] When the haptic feedback component vi-
brates to cause the second beam body to move away
from the first magnet, the rigid part is subjected to pull-
ing force, internal tensile stress is generated in the rigid
part, and the first magnet is pulled up.

[0024] In this way, the rigid part and the first magnet
under the pulling force generate counter-acting force to
resist the pulling force, and generate pullback force on
the second connection position. The pullback force
generated by the rigid part at the second connection
position may reduce or even eliminate an impact of
movement of the second beam body away from the first
magnet on deformation of the first beam body, so that
the impact on the accuracy of the sensor on the first
beam body in detecting the pressing force of the user
after the haptic feedback is activated can be reduced or
even eliminated, thereby improving the accuracy of the
button in detecting the pressing force of the user after
the haptic feedback is activated.

[0025] The support structure includes the rigid part,
so that when the second magnet vibrates relative to the
first magnet, fixation strength of the support structure
for the second connection position can be improved, to
reduce as much as possible an impact of vibration of
the second beam body on deformation of the first beam
body, so as to reduce or even eliminate an impact on
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accuracy of the sensor on the first beam body in detect-
ing the pressing force of the user, thereby improving
the accuracy of the button in detecting the pressing
force of the user after the haptic feedback is activated.

[0026] In a possible implementation of the first as-
pect, the rigid part and the first magnet are connected
to each other to form an integral structure. The rigid
part and the first magnet are made of a same material,
and are connected to each other to form an integrally
formed structure. For example, the rigid part and the
first magnet are both made of stainless steel, or titanic
alloy.

[0027] The two rigid parts are respectively located at
two ends of the first magnet in a length direction, and
protrude toward the elastic beam. A top of the rigid part
is fixedly connected to the elastic beam.

[0028] To avoid degradation of effectiveness of de-
coupling between the haptic feedback component and
the sensor due to large electromagnetic force of the
haptic feedback component that drives the second
beam body to vibrate, the rigid part and the first magnet
may be an integrally formed structure, to increase fixa-
tion strength between the rigid part and the first magnet
and overall rigidity of the stability structure, so as to
improve the effectiveness of decoupling between the
haptic feedback component and the sensor, thereby
ensuring the accuracy of the sensor in detecting the
pressing force of the user after the haptic feedback is
activated.

[0029] In a possible implementation of the first as-
pect, a fixation area between the rigid part and the
elastic beam is smaller than a fixation area between
the rigid part and the first magnet. It may be understood
that the fixation area between the rigid part and the
elastic beam is a contact area between the second
connection position and the rigid part. For example,
the rigid part and the elastic beam are welded, and the
fixation area between the rigid part and the elastic
beam is a welding area. For another example, the rigid
part is bolted to the elastic beam, and the fixation area
between the rigid part and the elastic beam is a contact
area between a secure member in a bolt and the elastic
beam.

[0030] Providing a relatively large fixation area be-
tween the rigid part and the first magnet can increase
fixation strength between the support structure and the
first magnet, to reduce a degree of deformation of the
first magnet when the user presses the button. In addi-
tion, there are many parts connected to the elastic
beam, but a length of the elastic beam is limited. Redu-
cing the fixation area between the rigid part and the
elastic beam can facilitate fixed connection of the sup-
port structure with the elastic beam in a limited space.

[0031] In a possible implementation of the first as-
pect, the fixation area between the rigid part and the
elastic beam is greater than the fixation area between
the rigid part and the first magnet.

[0032] Providing a relatively large fixation area be-
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tween the rigid part and the elastic beam can increase
fixation strength between the support structure and the
elastic beam, to reduce as much as possible the impact
of vibration of the second beam body on the deforma-
tion of the first beam body, so as to reduce or even
eliminate the impact on accuracy of the sensor on the
first beam body in detecting the pressing force of the
user, thereby improving the accuracy of the button in
detecting the pressing force of the user after the haptic
feedback is activated.

[0033] In a possible implementation of the first as-
pect, the support structure includes an elastic part. The
elastic part includes a first fixing portion fixed to the
elastic beam, a second fixing portion fixed to the first
magnet, and a connection portion connecting the first
fixing portion and the second fixing portion.

[0034] It may be understood that the first fixing por-
tion is fixedly connected to the second connection posi-
tion.

[0035] The first fixing portion and the second fixing
portion may be arranged at least partially in alignment
with each other, or the first fixing portion and the sec-
ond fixing portion may be arranged in a staggered man-
ner. For example, the second fixing portion is located
on a side of the first fixing portion close to the second
magnet. For another example, the second fixing portion
is located on a side of the first fixing portion away from
the second magnet. The first fixing portion and the sec-
ond fixing portion are arranged in a staggered manner,
so that the size of the elastic part can be increased,
thereby increasing a magnitude of the elastic support-
ing force provided by the elastic part for the second
connection position.

[0036] When the user does not press the button, the
elastic part may be in an unstressed state, and there is
no internal stress in the elastic part. It may be under-
stood that there is no pulling force or pressure between
the first fixing portion and the connection portion, and
there is no pulling force or pressure between the sec-
ond fixing portion and the connection portion.

[0037] When the haptic feedback component vi-
brates to cause the second beam body to move toward
the first magnet, the elastic part is subjected to a pres-
sure, and internal stress is generated in the elastic part.
The first fixing portion under the pressure of the elastic
beam presses the connection portion downward, and
the connection portion presses the second fixing por-
tion downward.

[0038] In this way, the elastic part under the pressure
generates counter-acting force to resist the pressure,
and provides supporting force for the second connec-
tion position. The supporting force provided by the elas-
tic part for the second connection position reduces or
even eliminates the impact of movement of the second
beam body toward the first magnet on deformation of
the first beam body, so that an impact on the accuracy
of a sensor on the first beam body in detecting the
pressing force of the user after the haptic feedback is
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activated can be reduced or even eliminated, thereby
improving the accuracy of the button in detecting the
pressing force of the user after the pressing-haptic
feedback is activated.

[0039] The vibration is bidirectional. Vibration gener-
ated by the haptic feedback component also causes
the second beam body to move away from the first
magnet.

[0040] When the haptic feedback component vi-
brates to cause the second beam body to move away
from the first magnet, the elastic part is subjected to
pulling force, and internal tensile stress is generated in
the elastic part. Under pulling force of the elastic beam,
the first fixing portion pulls up the connection portion,
and the connection portion pulls up the second fixing
portion.

[0041] In this way, the elastic part under the pulling
force generates counter-acting force to resist the pull-
ing force, and generates pullback force on the second
connection position. The pullback force generated by
the elastic part at the second connection position may
reduce or even eliminate the impact of movement of
the second beam body away from the first magnet on
deformation of the first beam body, so that the impact
on the accuracy of the sensor on the first beam body in
detecting the pressing force of the user after the haptic
feedback is activated can be reduced or even elimi-
nated, thereby improving the accuracy of the button in
detecting the pressing force of the user after the haptic
feedback is activated.

[0042] The elastic part may be an elastic piece, a
spring, or the like.

[0043] The elastic part may implement fixation of the
second connection position when the electromagnetic
force between the first magnet and the second magnet
is small, to reduce an impact of vibration of the second
beam body on deformation of the first beam body, so as
to reduce or even eliminate an impact on the accuracy
of the sensor on the first beam body in detecting the
pressing force of the user, thereby improving the accu-
racy of the button in detecting the pressing force of the
user after the haptic feedback is activated. In addition,
the elastic part has a characteristic of variable elasticity.
Therefore, the elastic part may flexibly reduce, within a
particular range of electromagnetic force, the impact of
vibration of the second beam body on deformation of
the first beam body, and improve adaptability of the
support structure.

[0044] In a possible implementation of the first as-
pect, a connection position of the sensor on the elastic
beam is spaced apart from a connection position of the
support structure on the elastic beam.

[0045] The connection position of the sensor on the
elastic beam is spaced apart from the second connec-
tion position. It may be understood that the sensor and
the support structure do not positionally interfere with
each other (or in other words, are arranged in a stag-
gered manner), and a side edge of the sensor close to
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the support structure is spaced apart from a side edge
of the second connection position close to the sensor.
In this way, effectiveness of the support structure in
decoupling the haptic feedback component from the
sensor after the haptic feedback is activated can be
improved, to reduce an impact of vibration of the haptic
feedback component on the sensor, thereby improving
accuracy of the sensor in detecting the pressing force
of the user after the haptic feedback is activated.
[0046] In a possible implementation of the first as-
pect, a connection position of the button cap on the
elastic beam is spaced apart from the connection posi-
tion of the support structure on the elastic beam.
[0047] A position at which the elastic beam is con-
nected to the button cap may be referred to as a first
connection position. The first connection position and
the second connection position are spaced apart from
each other. It may be understood that the button cap
and the support structure do not positionally interfere
with each other (or in other words, are arranged in a
staggered manner), and a side edge of the first connec-
tion position close to the second connection position is
spaced apart from a side edge of the second connec-
tion position close to the first connection position. In
this way, attenuation of the haptic feedback transmitted
by the button cap from the haptic feedback component
due to the support structures can be avoided, thereby
improving an effect of the haptic feedback provided by
the button to the user.

[0048] In a possible implementation of the first as-
pect, the button cap includes a cap body and at least
one connection body. The connection body is sepa-
rately connected to the cap body and the elastic beam.
The connection body is located between the support
structure and the second magnet.

[0049] The connection body in the button cap may be
fixedly connected to the elastic beam in a manner such
as bolting or welding (laser welding or brazing). The
two connection bodies are separately fixedly connected
to the elastic beam.

[0050] The connection body is disposed between the
support structure and the second magnet, so that the
button cap can be connected to the first beam body on
which the sensor is located, to improve the sensitivity of
the sensor in detecting the pressing force applied by
the user to the button cap, thereby improving the accu-
racy of the button in detecting the pressing force of the
user.

[0051] In a possible implementation of the first as-
pect, a dimension of the first magnet in a direction per-
pendicular to a pressing surface is greater than or
equal to 0.3 mm.

[0052] When the user presses the button cap to
cause the elastic beam to deform under stress, the
elastic beam may also transmit the pressing force to
the first magnet through the support structure, so that
the first magnet may also deform. To reduce a deforma-
tion amount of the first magnet, the first magnet may be
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manufactured using a rigid material, or a thickness of
the first magnet may be increased.

[0053] In this implementation, the dimension of the
first magnet in the direction perpendicular to the press-
ing surface is greater than or equal to 0.3 mm, so that
the thickness of the first magnet can be increased, and
the deformation amount of the first magnet can be re-
duced.

[0054] In a possible implementation of the first as-
pect, a spacing distance between the first magnet and
the second magnet, in the direction perpendicular to
the pressing surface, is greater than or equal to 0.05
mm.

[0055] In this way, the first magnet and the second
magnet can be prevented from colliding with each other
during vibration, and a small space is reserved, to facil-
itate miniaturization of the button.

[0056] In a possible implementation of the first as-
pect, the sensor includes at least one of a microelectro
mechanical systems piezoresistive sensor, a metal
strain gauge pressure sensor, an optical sensor, and
an ultrasonic deformation sensor.

[0057] These sensors have a characteristic of high
accuracy of detecting the pressing force of the user, so
that accuracy of the button in detecting the pressing
force of the user can be improved.

[0058] In a possible implementation of the first as-
pect, the elastic beam includes a first elastic portion
and two second elastic portions fixedly connected to
two ends of the first elastic portion, respectively. The
second magnet is disposed on the first elastic portion,
the sensor is disposed on the second elastic portion,
and the support structure is fixedly connected to the
second elastic portion.

[0059] In this implementation, the elastic beam is
formed by assembling a plurality of parts. Therefore,
the plurality of parts can be simultaneously manufac-
tured, to improve manufacturing efficiency of the elastic
beam. In addition, compared with the entire structure of
the elastic beam, the structure of each part is simpler,
and therefore, the part is simpler to manufacture, there-
by reducing difficulty in manufacturing the elastic beam.
[0060] The second magnet may be disposed on the
first elastic portion. When the second magnet vibrates,
the second magnet may drive the first elastic portion to
vibrate.

[0061] The sensor may be disposed on the second
elastic portion. The sensor may detect the pressing
force applied by the user to the button by detecting a
deformation amount of the second elastic portion.
[0062] In some examples, the rigidity of the first elas-
tic portion may be the same as the rigidity of the sec-
ond elastic portion. For example, the first elastic portion
and the second elastic portion are manufactured using
a same material. In some other examples, the rigidity of
the first elastic portion may be different from the rigidity
of the second elastic portion. For example, the rigidity
of the first elastic portion is greater than the rigidity of
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the second elastic portion.

[0063] According to a second aspect, this application
provides an electronic device. The electronic device in-
cludes a housing and a button. The button is the button
according to any implementation of the first aspect. A
housing exposes at least a part of a button cap of the
button.

[0064] In a possible implementation of the second
aspect, the button is a solid-state button. The solid-
state button can intelligently identify a touch operation
of a user, for example, identify a force magnitude, dura-
tion, and a position of a touch on the solid-state button,
to identify touch commands such as light press, hard
press, tap, and slide, so that interaction functionality of
the button can be greatly expanded. Accordingly, inter-
action efficiency of the solid-state button is high.

[0065] In a possible implementation of the second
aspect, the housing further includes a rear cover and a
middle frame, an elastic beam of the button is fixedly
connected to the middle frame, and a first magnet and
the middle frame are independent of each other. In this
way, when the user presses the button, the button cap
may press the elastic beam downward, so that the
elastic beam drives, through the support structures,
the first magnet to move downward together, to press
the button downward.

[0066] The electronic device according to the second
aspect has the button according to any one of the first
aspect. Therefore, the electronic device according to
the second aspect has beneficial effects of the button.
This is not described herein again.

BRIEF DESCRIPTION OF DRAWINGS
[0067]

FIG. 1 is a schematic diagram of a structure of a
solid-state button;

FIG. 2 is a schematic diagram of a structure of the
solid-state button shown in FIG. 1 in a stressed
state;

FIG. 3 is a schematic diagram of a structure of an
electronic device;

FIG. 4 is a three-dimensional exploded view of the
electronic device shown in FIG. 3;

FIG. 5 is a schematic diagram of a partial structure
of a solid-state button mounted on an electronic
device according to an embodiment of this applica-
tion;

FIG. 6 is a schematic diagram of a structure of the
solid-state button shown in FIG. 5 deforming under
electromagnetic force of a haptic feedback compo-
nent;

FIG. 7 is a schematic diagram of a structure of the
solid-state button shown in FIG. 5 deforming under
both pressing force of a user and electromagnetic
force of a haptic feedback component;

FIG. 8 is a schematic diagram of a structure of a
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sensor;
FIG. 9 is a circuit diagram of a Wheatstone bridge;
FIG. 10 is a schematic diagram of strain of a sen-
sor when a solid-state button is subject to force
other than perpendicular pressing force of a user
and electromagnetic force of a haptic feedback
component;

FIG. 11 is a schematic diagram of a structure of
another solid-state button according to an embodi-
ment of this application;

FIG. 12 is a schematic diagram of a three-dimen-
sional structure of a rigid part and a first magnet in
FIG. 11;

FIG. 13 is a schematic diagram of a structure of still
another solid-state button according to an embodi-
ment of this application;

FIG. 14 is a schematic diagram of a structure of yet
another solid-state button according to an embodi-
ment of this application;

FIG. 15 is a schematic diagram of a structure of yet
another solid-state button according to an embodi-
ment of this application;

FIG. 16 is a schematic diagram of a structure of yet
another solid-state button according to an embodi-
ment of this application;

FIG. 17 is a schematic diagram of a structure of yet
another solid-state button according to an embodi-
ment of this application; and

FIG. 18 is a schematic diagram of a structure of yet
another solid-state button according to an embodi-
ment of this application.

DESCRIPTION OF EMBODIMENTS

[0068] The following clearly describes technical solu-
tions in embodiments of this application with reference
to accompanying drawings. Apparently, the described
embodiments are some rather than all of embodiments
of this application. All other embodiments obtained by a
person skilled in the art based on embodiments pro-
vided in this application fall within the protection scope
of this application.

[0069] Unless the context requires otherwise,
throughout the specification and claims, the term "in-
cluding" is interpreted as an open and inclusive mean-
ing, that is, "including but not limited to". In the descrip-
tions of this specification, terms "an embodiment",
"some embodiments", "an exemplary embodiment",
"an example", "a specific example" or "some examples"
are intended to indicate that specific characteristics,
structures, materials, or features described associated
with the embodiment or example are included in at
least one embodiment or example of this application.
Exemplary descriptions of the foregoing terms do not
necessarily refer to the same embodiment or example.
Besides, the specific features, structures, materials or
characteristics may be included in proper manners in
any one or more embodiments or examples.
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[0070] In the descriptions of embodiments of this ap-
plication, unless otherwise specified, "a plurality of"
means two or more.

[0071] Terms such as "first" and "second" mentioned
below are merely intended for a purpose of description,
and shall not be understood as an indication or implica-
tion of relative importance or implicit indication of a
quantity of indicated technical features. Therefore, a
feature defined by "first" or "second" may explicitly or
implicitly include one or more features. In the descrip-
tion of this application, unless otherwise specified, "a
plurality of" means two or more than two.

[0072] The phrase "at least one of A, B, and C" has a
same meaning as the phrase "at least one of A, B, or
C", and both include the following combinations of A, B,
and C: only A, only B, only C, a combination of A and B,
a combination of A and C, a combination of B and C,
and a combination of A, B, and C.

[0073] The phrase "A and/or B" includes the following
three combinations: only A, only B, and a combination
of A and B.

[0074] In addition, in this application, orientation
terms such as "up" and "down" are defined relative to
an orientation in which a part is schematically placed in
the accompanying drawings. It should be understood
that these directional terms are relative concepts that
are used for descriptive and clarity purposes, which
may vary accordingly depending on the orientation in
which the parts are placed in the accompanying draw-
ings.

[0075] In this application, the term "arranged oppo-
site to" refers to a situation where vertical projections
(also referred to as orthographic projections) of two ob-
jects on a same plane partially overlap. It may be un-
derstood that two objects being arranged opposite to
each other indicates that parts of the two objects are
arranged in alignment with each other.

[0076] As used in this specification, the term "sub-
stantially" includes a stated value and an average value
within an acceptable range of deviation of a particular
value, and the acceptable range of deviation is deter-
mined by a person of ordinary skill in the art while con-
sidering measurement in question and errors asso-
ciated with measurement of a particular quantity (that
is, limitations of a measurement system).

[0077] Before embodiments of this application are
described, technical terms related to embodiments of
this application are first briefly described.

1. Solid-state button

[0078] The solid-state button is a hardware structure
that allows a user to perform touch operations to input
commands to an electronic device. The solid-state but-
ton may intelligently identify a touch operation of a user,
identify a force magnitude, duration, and a position of a
touch on the solid-state button, to identify touch com-
mands such as light press, hard press, tap, and slide,
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so that interaction manners between the button and the
user are significantly increased, and high interaction
efficiency is achieved.

[0079] FIG. 1is a schematic diagram of a structure of
a solid-state button in an unstressed state. FIG. 2 is a
schematic diagram of a structure of the solid-state but-
ton shown in FIG. 1 in a stressed state.

[0080] The solid-state button is mounted on the elec-
tronic device. A solid-state button 10 may include a
button cap 11 configured to be touched by a user. The
user may press the button cap 11, to perform touch
operations such as single-tap, double-tap or multiple
taps, long press, and slide, to input different touch com-
mands to the electronic device.

[0081] The solid-state button 10 may further include
an elastic beam 12. An end of the elastic beam 12 may
be connected to a middle frame 20 of the electronic
device. The elastic beam 12 may be further connected
to the button cap 11, and is configured to receive press-
ing force transmitted by the button cap 11 and deform
correspondingly. Specifically, a degree of deformation
of the elastic beam 12 under the pressing force is ne-
gatively correlated to a rigidity of the elastic beam 12.
For example, the higher the rigidity of the elastic beam
12, the smaller the deformation caused by the pressing
force; and the lower the rigidity of the elastic beam 12,
the greater the deformation caused by the pressing
force.

[0082] The elastic beam 12 may be manufactured
using a suitable material such as silicon steel or stain-
less steel. This is not limited herein.

[0083] The solid-state button 10 may further include
sensors (sensors) 13. Typically, the sensor 13 may in-
clude a pressure sensor printed with polymer ink. The
sensor 13 may be disposed on the elastic beam 12.
The sensor 13 may sense the degree of deformation of
the elastic beam 12 to sense a magnitude of the press-
ing force of the user. For example, as shown in FIG. 2,
the sensors 13 are fixed to the elastic beam 12. When
the elastic beam 12 deforms due to the pressing force,
the elastic beam 12 drives the sensors 13 to deform, so
that the sensors 13 each output, due to deformation of
the sensor itself, a sensor signal indicating information
such as a pressure value, pressure duration, and a
pressure position of the pressing force applied to the
button cap 11. The solid-state button 10 may use the
sensor signal as an output signal of the solid-state but-
ton 10.

[0084] Rigidity of the elastic beam 12 is negatively
correlated to sensitivity of the sensor 13 in detecting
the pressing force. It may be understood that when
rigidity of the elastic beam 12 is higher, deformation of
the elastic beam 12 due to the pressing force is smaller,
and as a result, sensitivity of the sensor 13 in detecting
the pressing force is lower.
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2. Haptic feedback component

[0085] A haptic feedback component 14 may activate
haptic feedback when the pressing force applied by the
user to press the button cap 11 reaches a preset pres-
sure threshold. The haptic feedback component 14 pro-
vides electromagnetic force to the button cap 11 so as
to provide haptic feedback to the user, thereby improv-
ing the user’s haptic experience when pressing the so-
lid-state button 10. Therefore, to improve the user’s
haptic experience when pressing the solid-state button
10, as shown in FIG. 1 and FIG. 2, typically, the solid-
state button 10 may further include the haptic feedback
component 14.

[0086] The haptic feedback component 14 may in-
clude a first magnet 141 and a second magnet 142.
The first magnet 141 and the second magnet 142 are
arranged opposite to and spaced apart from each
other. At least one of the first magnet 141 and the sec-
ond magnet 142 may be an electrically-controlled mag-
net. The electrically-controlled magnet may include a
magnetic conductor and a coil wrapped around the
magnetic conductor. A current signal is provided to the
coil by a signal controller, so that the electrically-con-
trolled magnet generates a magnetic field.

[0087] Electromagnetic force is generated between
the first magnet 141 and the second magnet 142, to
generate vibration. The electromagnetic force between
the first magnet 141 and the second magnet 142 is
negatively correlated to a spacing distance between
the first magnet 141 and the second magnet 142. The
electromagnetic force between the first magnet 141
and the second magnet 142 is positively correlated to
a size of the first magnet 141, a size of the second
magnet 142, a quantity of turns of a coil in the electri-
cally-controlled magnet, and the like.

[0088] For example, when a spacing distance be-
tween the first magnet 141 and the second magnet
142 is shorter, electromagnetic force between the first
magnet 141 and the second magnet 142 is larger.
[0089] For another example, when a size of the first
magnet 141 and/or the second magnet 142 is larger,
electromagnetic force between the first magnet 141
and the second magnet 142 is larger.

[0090] For ease of description, an example in which
the first magnet 141 is a permanent magnet and the
second magnet 142 is an electrically-controlled magnet
is used for description below. It may be understood that
in a specific implementation scenario, alternatively, the
first magnet 141 may be an electrically-controlled mag-
net and the second magnet 142 may be a permanent
magnet, or both the first magnet 141 and the second
magnet 142 may be electrically-controlled magnets.
[0091] When the second magnet 142 receives a for-
ward current signal of the signal controller, the second
magnet 142 generates a polarity opposite to that of the
first magnet 141, so that attraction force is generated
between the second magnet 142 and the first magnet
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141. When the second magnet 142 receives a reverse
current signal of the signal controller, repulsive force is
generated between the second magnet 142 and the
first magnet 141.

[0092] One of the first magnet 141 and the second
magnet 142 may be disposed on the elastic beam 12,
and the other of the first magnet 141 and the second
magnet 142 may be disposed on the middle frame 20
of the electronic device. For example, as shown in FIG.
1 and FIG. 2, the second magnet 142 is disposed on a
side surface of the elastic beam 12 away from the but-
ton cap 11, and the first magnet 141 is disposed on a
side surface of the middle frame 20 close to the button
cap 11. It may be understood that, the second magnet
142 and the first magnet 141 are located between the
elastic beam 12 and the middle frame 20.

[0093] For ease of description, descriptions below
are provided by using an example in which the second
magnet 142 is disposed on the side surface of the elas-
tic beam 12 away from the button cap 11, and the first
magnet 141 is disposed on the side surface of the mid-
dle frame 20 close to the button cap 11. However, in
actual implementation, the second magnet 142 may be
disposed on the side surface of the middle frame 20
close to the button cap 11, and the first magnet 141
may be disposed on the side surface of the elastic
beam 12 away from the button cap 11.

[0094] The middle frame 20 is a fixed structure in the
electronic device, and therefore, a position of the first
magnet 141 located on the middle frame 20 is fixed.
[0095] When the second magnet 142 receives the
forward current signal provided by the signal controller,
attraction force is generated between the second mag-
net 142 and the first magnet 141. Because a position of
the first magnet 141 is fixed, the second magnet 142
drives the elastic beam 12 to move towards the first
magnet 141. When the second magnet 142 receives
the reverse current signal provided by the signal con-
troller, repulsive force is generated between the second
magnet 142 and the first magnet 141, and the second
magnet 142 drives the elastic beam 12 to move away
from the first magnet 141. In this way, when the user
presses the solid-state button 10, the signal controller
provides an alternating current signal (such as a sine
wave signal) to the second magnet 142, so that the
second magnet 142 and the elastic beam 12 can vi-
brate together.

[0096] According to the foregoing descriptions, the
button cap 11 is connected to the elastic beam 12.
Therefore, when the elastic beam 12 vibrates, the elas-
tic beam 12 drives the button cap 11 to vibrate together.
In this way, vibration generated by the button cap 11
provides the haptic feedback to the user, thereby im-
proving the user’s haptic experience when pressing
the solid-state button 10.

[0097] However, when the solid-state button 10 in-
cludes the haptic feedback component 14, to provide
haptic feedback to the user, the haptic feedback com-
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ponent 14 generates vibration on the elastic beam 12,
resulting in a reduction in accuracy of the sensor 13 in
determining the pressing force of the user by sensing
deformation of the elastic beam 12.

[0098] To resolve the foregoing problem and reduce
impact of vibration generated by the haptic feedback
component 14 on accuracy of the sensor 13 in detect-
ing the pressing force, in some solutions, the elastic
beam 12 is manufactured using a more rigid material,
to reduce impact of vibration on the deformation of the
elastic beam 12. However, according to the foregoing
descriptions, the rigidity of the elastic beam 12 is nega-
tively correlated to the sensitivity of the sensor 13 in
detecting the pressing force. Therefore, in this manner,
the accuracy of the sensor 13 in detecting the pressing
force is improved, but the sensitivity of the sensor 13 in
detecting the pressing force is reduced. In addition, be-
cause the rigidity of the elastic beam 12 increases, the
intensity of vibration of the elastic beam 12 is reduced,
which also cause a problem that intensity of the haptic
feedback provided by the haptic feedback component
14 to the user is reduced.

[0099] Therefore, currently, there is no technical solu-
tion in the industry that can balance the effect of haptic
feedback provided by the haptic feedback component
14 to the user and accuracy of the sensor 13 in deter-
mining the pressing force of the user.

[0100] An embodiment of this application provides a
button and an electronic device on which the button is
mounted. The button enables a haptic feedback com-
ponent and sensors to be decoupled as much as pos-
sible, so that an impact of vibration of an elastic beam
driven by the haptic feedback component on accuracy
of the sensor in detecting the pressing force of the user
is reduced or even eliminated. In this way, the button
can provide enhanced haptic feedback and accurately
detect the pressing force of the user. In addition, the
haptic feedback component is decoupled from the sen-
sor. In this case, a sensor used for pressure detection
and a part used as the haptic feedback component can
be independently selected during button design, so that
design difficulty of the button is simplified.

[0101] The foregoing button may be a solid-state but-
ton, or may be a mechanical button. This is not limited
in this embodiment of this application. For ease of un-
derstanding, the solid-state button is used as an exam-
ple for description below.

[0102] The electronic device provided in this applica-
tion is an electronic device on which a solid-state but-
ton may be mounted. The electronic device includes,
but is not limited to, electronic devices such as a mobile
phone, a tablet personal computer (tablet personal
computer), a laptop computer (laptop computer), a per-
sonal digital assistant (personal digital assistant, PDA),
a personal computer, a notebook computer, an in-vehi-
cle device, and a wearable device. The wearable de-
vice includes, but is not limited to, a smart bracelet, a
smart watch, a smart head-mounted display, smart
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glasses, and the like. For ease of understanding, a sce-
nario in which the electronic device includes the mobile
phone is always used as an example below for descrip-
tion.

[0103] Refer to FIG. 3 and FIG. 4. FIG. 3 is a sche-
matic diagram of a structure of an electronic device.
FIG. 4 is a three-dimensional exploded view of the
electronic device shown in FIG. 3. An electronic device
100 may include a solid-state button 10, a housing 30,
a screen 40, and a circuit board 50. The housing 30
and the screen 40 together define an accommodating
space, and the circuit board 50 may be located in the
accommodating space.

[0104] It can be understood that FIG. 3 and FIG. 4
schematically show only some parts included in the
electronic device 100. Actual shapes, actual sizes, ac-
tual positions, and actual structures of these parts are
not limited to FIG. 3, FIG. 4, and the following accom-
panying drawings.

[0105] The screen 40 is configured to display an im-
age, a video, and the like. The screen 40 includes a
light-transmitting cover plate 41 and a display screen
42. The light-transmitting cover plate 41 and the display
screen 42 are disposed in a stacked manner and fix-
edly connected. The light-transmitting cover plate 41 is
provided mainly for achieving protection and dust-
proofing for the display screen 42. A material of the
light-transmitting cover plate 41 includes, but is not lim-
ited to, glass. The display screen 42 may be a flexible
display screen, or may be a rigid display screen. For
example, the display screen 42 may be an organic
light-emitting diode (organic light-emitting diode,
OLED) display screen, an active matrix-organic light-
emitting diode (active-matrix organic light-emitting
diode, AMOLED) display screen, a mini organic light-
emitting diode (mini organic light-emitting diode) dis-
play screen, a micro light-emitting diode (micro organic
light-emitting diode) display screen, a micro organic
light-emitting diode (micro organic light-emitting diode)
display screen, a quantum dot light emitting diodes
(quantum dot light emitting diodes, QLED) display
screen, or a liquid crystal display (liquid crystal display,
LCD) screen, or the like. This is not limited herein.
[0106] The housing 30 is configured to protect inter-
nal electronic devices of the electronic device 100. The
housing 30 may include a back cover 31 and a middle
frame 20. The middle frame 20 includes a border frame
21 and a board body 22 located at an inner side of the
border frame 21. The foregoing solid-state button may
be fixedly connected to the board body 22, or may be
fixedly connected to the border frame 21. This is not
limited herein.

[0107] The back cover 31 is located on a side of the
display screen 42 away from the light-transmitting cov-
er plate 41, and is stacked with and spaced apart from
the light-transmitting cover plate 41 and the display
screen 42. The border frame 21 is located between the
back cover 31 and the light-transmitting cover plate 41.
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The border frame 21 may be fixed on the back cover
31. For example, the border frame 21 may be fixedly
connected to the back cover 31 by using an adhesive,
or the border frame 21 and the back cover 31 may be
an integrally formed structure, that is, the border frame
21 and the back cover 31 are a whole structural mem-
ber. The light-transmitting cover plate 41 is fixed on the
border frame 21 through gluing. The light-transmitting
cover plate 41, the back cover 31, and the border frame
21 enclose an accommodating space of the electronic
device 100. The accommodating space houses the dis-
play screen 42, the middle frame 20, and the circuit
board 50.

[0108] As shown in FIG. 4, the board body 22 is dis-
posed in the accommodating space, and the board
body 22 is located on a side that is of the display
screen 42 and that is away from the light-transmitting
cover plate 41. An edge of the board body 22 is fixed to
the border frame 21. In some embodiments, the edge
of the board body 22 may be fixed to the border frame
21 through gluing, or the board body 22 and the border
frame 21 may be of an integrally formed structure, that
is, the board body 22 and the border frame 21 are a
whole structural member. The display screen 42 may
be located on a side of the board body 22 close to the
light-transmitting cover plate 41, and the circuit board
50 may be located on a side of the board body 22 close
to the back cover 31.

[0109] The circuit board 50 is configured to dispose
electronic components and implement electrical con-
nection between the electronic devices. In some embo-
diments, the circuit board 50 may include a primary
circuit board 51 and a secondary circuit board 52. The
primary circuit board 51 and the secondary circuit
board 52 are disposed in a partial space between the
middle frame 20 and the back cover 31, and are
stacked on the back cover 31. In some embodiments,
the primary circuit board 51 and the secondary circuit
board 52 are both fixed to the board body 22.

[0110] The primary circuit board 51 is configured to
integrate a control chip. For example, the control chip
may be an application processor (application proces-
sor, AP), a double data rate (double data rate, DDR)
synchronous dynamic random access memory, a uni-
versal flash storage (UFS), or the like. In some embodi-
ments, the primary circuit board 51 is electrically con-
nected to the display screen 42, and the primary circuit
board 51 is configured to control the display screen 42
to display an image or a video.

[0111] The primary circuit board 51 may be a rigid
circuit board, a flexible printed circuit board, or a rigid-
flex circuit board. The primary circuit board 51 may be
an FR-4 substrate, a Rogers (Rogers) substrate, a hy-
brid FR-4-Rogers substrate, or the like. It should be
noted that FR-4 is a designation for a flame-resistant
material grade, and the Rogers substrate is a high-fre-
quency board.

[0112] The secondary circuit board 52 is configured



19 EP 4 826 751 A1 20

to integrate electronic devices such as an antenna
(such as a 5G antenna) radio frequency front end, a
universal serial bus (universal serial bus, USB) device,
a vibration motor, and the like.

[0113] The secondary circuit board 52 may also be a
rigid circuit board, a flexible printed circuit board, or a
rigid-flex circuit board. The secondary circuit board 52
may also be an FR-4 substrate, a Rogers substrate, or
a hybrid substrate of the FR-4 and the Rogers.

[0114] The circuit board 50 may further include a con-
nection structure 53. The connection structure 53 is
electrically connected to the primary circuit board 51
and the secondary circuit board 52, to implement data
and signal transmission between the secondary circuit
board 52 and the primary circuit board 51. The connec-
tion structure 53 includes, but is not limited to, a flexible
printed circuit board (flexible printed circuit, FPC), a
wire, an enameled wire, or a structure formed by braid-
ing a wire and a flexible material.

[0115] The solid-state button 10 may be mounted on
the housing 30 (for example, on the border frame 21 or
the back cover 31) of the electronic device 100. For
example, the solid-state button 10 may be disposed at
a central position on the border frame 21 and used as a
volume control button, a lock-screen button, or the like
of the electronic device 100.

[0116] FIG. 5 is a schematic diagram of a partial
structure of a solid-state button mounted on an electro-
nic device according to an embodiment of this applica-
tion. A border frame 21 may be provided with a recess
23. At least a part of a button cap 11 in a solid-state
button 10 is accommodated in the recess 23. For ex-
ample, the button cap 11 may include a cap body 111,
and a connection body 112 connecting the cap body
111 and an elastic beam 12. A side surface of the cap
body 111 away from the elastic beam 12 includes a
pressing surface for a user to press. The cap body 111
is accommodated in the recess 23 provided in a hous-
ing 30. The cap body 111 and the connection body 112
may be an integrally formed structure, or the cap body
111 and the connection body 112 may form an integral
structure after being assembled with each other. This is
not limited herein.

[0117] In some examples, an opening of the recess
23 may be approximately flush with the side surface of
the cap body 111 away from the elastic beam 12. In this
way, an outer surface (the surface for the user to press)
of the solid-state button 10 and an outer surface of the
housing 30 can form an even and smooth surface,
thereby improving aesthetics of an electronic device
100.

[0118] In some other examples, the side surface of
the cap body 111 away from the elastic beam 12 may
protrude relative to the opening of the recess 23. For
example, a distance by which the side surface of the
cap body 111 away from the elastic beam 12 protrudes
from the opening of the recess 23 may be greater than
or equal to 0.05 mm and less than or equal to 0.15 mm.

10

15

20

25

30

35

40

45

50

55

11

For example, the protrusion distance may be 0.05 mm,
0.08 mm, 0.1 mm, 0.12 mm, 0.15 mm, or the like.
[0119] In this way, when the user blindly presses the
solid-state button 10 with a finger, the user can distin-
guish the solid-state button 10 from the housing 30
from the sense of touch, enabling the user to find the
solid-state button 10 quickly.

[0120] As shown in FIG. 5, a recess bottom of the
recess 23 separates the cap body 111 and the elastic
beam 12. Therefore, a through hole 231 that extends
through the housing 30 may be formed at the recess
bottom of the recess 23. The connection body 112 in
the button cap 11 may pass through the through hole
231 and be connected to the elastic beam 12. It may be
understood that one end of the connection body 112 is
connected to the cap body 111 on one side of the re-
cess bottom, and the other end of the connection body
112 is connected to the elastic beam 12 on the other
side of the recess bottom.

[0121] The connection body 112 in the button cap 11
may be fixedly connected to the elastic beam 12 in a
manner such as bolting or welding (laser welding or
brazing). As shown in FIG. 5, the two connection
bodies 112 are separately fixedly connected to the
elastic beam 12. A position at which the elastic beam
12 is connected to the connection body 112 may be
referred to as a first connection position 12a.

[0122] There may be one or more through holes 231
formed in the recess bottom of the recess 23. For ex-
ample, a quantity of the through holes 231 may be
equal to a quantity of the connection bodies 112 in the
button cap 11, and each connection body 112 is con-
nected to the elastic beam 12 through one through hole
231. For another example, the quantity of the through
holes 231 may be greater than the quantity of the con-
nection bodies 112 in the button cap 11. The through
hole 231 that is not passed through by the connection
body 112 allows airflow to easily enter or exit from the
housing 30 when the haptic feedback component 14 in
the solid-state button 10 vibrates, thereby balancing air
pressure inside and outside the housing 30.

[0123] In addition, the recess bottom of the recess 23
can abut against the side surface of the cap body 111
close to the elastic beam 12 when the user presses the
button cap 11 with large pressing force, to prevent da-
mage to the solid-state button 10 caused by the user
pressing the button cap 11 downward with excessively
large pressing force.

[0124] In this embodiment of this application, the
elastic beam 12 may be an integrally formed structure,
or may be an integral structure formed by assembling a
plurality of parts. This is not limited herein.

[0125] As shown in FIG. 5, the elastic beam 12 may
be an integrally formed structure. Ends of the elastic
beam 12 may be separately fixedly connected to the
board body 22 of the electronic device 100. The elastic
beam 12 and the board body 22 may be fixedly con-
nected in a manner such as bolting or welding. Alterna-



21 EP 4 826 751 A1 22

tively, the elastic beam 12 and the board body 22 may
be connected to each other to form an integral struc-
ture.

[0126] The elastic beam 12 may be fixedly connected
to two connection bodies 112 in the button cap 11.
When the button cap 11 is subjected to pressing force
of the user, the button cap 11 transmits the pressing
force to the elastic beam 12 through the first connection
position 12a connected to the elastic beam 12. The
elastic beam 12 deforms under the pressing force.
[0127] A sensor 13 is disposed on the elastic beam
12. For example, as shown in FIG. 5, the sensor 13
may be disposed on a side surface of the elastic beam
12 close to the button cap 11. For another example, the
sensor 13 may be disposed on a side surface of the
elastic beam 12 away from the button cap 11.

[0128] When the elastic beam 12 deforms under the
pressing force, the sensor 13 can detect a degree of
deformation of the elastic beam 12, to sense a magni-
tude of the pressing force applied by the user. How the
sensor 13 specifically determines the pressing force
has been described previously, and details are not de-
scribed herein again.

[0129] There may be two sensors 13. The two sen-
sors 13 may be respectively disposed close to the two
first connection positions 12a. For example, as shown
in FIG. 5, two first connection positions 12a are located
between two sensors 13. It may be understood that the
sensors 13 are each located at an outer side of the first
connection position 12a.

[0130] In this embodiment of this application, the
electronic device may further determine a pressing po-
sition of the user by using the two sensors 13. For
example, as shown in FIG. 5, the two sensors 13 in-
clude a first sensor 131 and a second sensor 132.
When pressing force detected by the first sensor 131
is roughly equal to pressing force detected by the sec-
ond sensor 132, the electronic device 100 may deter-
mine that the user presses the central position on the
button cap 11. When the pressing force detected by the
first sensor 131 is greater than the pressing force de-
tected by the second sensor 132, the electronic device
may determine that the user presses a position on the
button cap 11 close to the first sensor 131. When the
pressing force detected by the first sensor 131 is smal-
ler than the pressing force detected by the second sen-
sor 132, the electronic device may determine that the
user presses a position on the button cap 11 close to
the second sensor 131.

[0131] On this basis, the electronic device 100 may
determine a change of the position of pressing by the
user on the button cap 11 of the solid-state button 10 by
obtaining a change of the pressing force detected by
the first sensor 131 and a change of the pressing force
detected by the second sensor 132. For example, when
the pressing force detected by the first sensor 131 gra-
dually increases and the pressing force detected by the
second sensor 132 gradually decreases, the electronic
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device may determine that a position of pressing by the
user on the button cap 11 moves from the second sen-
sor 132 toward the first sensor 131. Similarly, when the
pressing force detected by the first sensor 131 gradu-
ally decreases and the pressing force detected by the
second sensor 132 gradually increases, the electronic
device may determine that a position of pressing by the
user on the button cap 11 moves from the first sensor
131 toward the second sensor 132.

[0132] In this way, the user can input an interaction
command to the electronic device through interactions
such as pressing different positions on the solid-state
button 10 or sliding with a finger on the solid-state but-
ton 10, so that interaction functionality of the solid-state
button 10 is expanded, and interaction efficiency of the
solid-state button 10 is improved.

[0133] A first magnet 141 in the haptic feedback com-
ponent 14 is located on a side of the elastic beam 12
away from the button cap 11, and is arranged opposite
to and spaced apart from the elastic beam 12. A sec-
ond magnet 142 in the haptic feedback component 14
may be disposed on the elastic beam 12. For example,
the second magnet 142 is disposed on the side surface
of the elastic beam 12 away from the button cap 11.
Correspondingly, the first magnet 141 and the second
magnet 142 are arranged opposite to and spaced apart
from each other.

[0134] As shown in FIG. 5, the solid-state button 10
may further include support structures 15. The support
structure 15 is separately connected to the elastic
beam 12 and the first magnet 141.

[0135] A connection position of the support structure
15 on the elastic beam 12 is referred to as a second
connection position 12b. The second connection posi-
tion 12b may divide the elastic beam 12 into a first
beam body 121 and a second beam body 122. The first
beam bodies 121 are each located at an outer side of
the second connection position 12b, and the second
beam body 122 is located at an inner side of the sec-
ond connection position 12b. It may be understood that
the first beam bodies 121 are parts of the elastic beam
12 that are connected to the board body 22. The sec-
ond beam body 122 is a part between the two second
connection positions 12b where the two support struc-
tures 15 are connected to the elastic beam 12. The
second connection position 12b belongs to neither the
first beam body 121 nor the second beam body 122.
[0136] The sensor 13 and the second magnet 142
are respectively located at two sides of the support
structure 15. The sensor 13 is disposed on the first
beam body 121, and the second magnet 142 is dis-
posed on the second beam body 122. For example,
the second magnet 142 may alternatively be disposed
between two second connection positions 12b where
the elastic beam 12 and two support structures 15 are
connected to each other.

[0137] In some examples, the connection position of
the sensor 13 on the elastic beam 12 is spaced apart
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from the second connection position 12b. It may be
understood that the sensor 13 and the support struc-
ture 15 do not positionally interfere with each other (or
in other words, are arranged in a staggered manner),
and a side edge of the sensor 13 close to the support
structure 15 is spaced apart from a side edge of the
second connection position 12b close to the sensor 13.
In this way, effectiveness of the support structure 15 in
decoupling the haptic feedback component 14 from the
sensor 13 can be improved, to reduce an impact of
vibration of the haptic feedback component 14 on the
sensor 13 after the haptic feedback is activated, there-
by improving accuracy of the sensor 13 in detecting the
pressing force of the user after the haptic feedback is
activated.

[0138] Similarly, in some examples, the first connec-
tion position 12a and the second connection position
12b are spaced apart from each other. It may be under-
stood that the connection body 112 and the support
structure 15 do not positionally interfere with each other
(or in other words, are arranged in a staggered man-
ner), and a side edge of the first connection position
12a close to the second connection position 12b is
spaced apart from a side edge of the second connec-
tion position 12b close to the first connection position
12a. In this way, attenuation of the haptic feedback
transmitted by the connection body 112 from the haptic
feedback component 14 due to the support structures
15 can be avoided, thereby improving an effect of the
haptic feedback provided by the solid-state button 10 to
the user.

[0139] In some examples, when the electromagnetic
force of the haptic feedback component 14 that drives
the second beam body 122 to vibrate is large, the effec-
tiveness of decoupling between the haptic feedback
component 14 and the sensor 13 may be degraded. In
this way, vibration intensity of the second beam body
122 can be reduced by reducing the spacing distance
between the support structure 15 and the second mag-
net 142, to ensure the effectiveness of decoupling be-
tween the haptic feedback component 14 and the sen-
sor 13, thereby ensuring accuracy of the sensor 13 in
detecting the pressing force of the user after the haptic
feedback is activated.

[0140] In other words, the spacing distance between
the support structure 15 and the second magnet 142
may be negatively correlated to the vibration intensity
of the second beam body 122 (or the electromagnetic
force between the first magnet 141 and the second
magnet 142). In this way, the effectiveness of decou-
pling between the haptic feedback component 14 and
the sensor 13 can be ensured, thereby ensuring accu-
racy of the sensor 13 in detecting the pressing force of
the user after the haptic feedback is activated.

[0141] The support structure 15 may be fixedly con-
nected to the first magnet 141. For example, the sup-
port structure 15 and the first magnet 141 may be fix-
edly connected in a manner such as bolting or welding.
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Alternatively, the support structure 15 and the first mag-
net 141 may be connected to each other to form an
integral structure.

[0142] It should be noted that, in this embodiment of
this application, the first magnet 141 is not connected
to the middle frame 20 (for example, the board body
22) of the electronic device 100.

[0143] In this way, the first magnet 141, the two sup-
port structures 15, and the second beam body 122 of
the elastic beam 12 are fixedly connected end to end to
jointly form a stable structure. In the stable structure,
electromagnetic force generated between the first mag-
net 141 and the second magnet 142 inside the haptic
feedback component 14 functions as internal force of
the stable structure, so that the support structure 15
implements decoupling of the haptic feedback compo-
nent 14 from the sensors 13. When the second beam
body 122 vibrates along with the second magnet 142,
an impact on deformation of the first beam body 121
may be reduced 13 or even eliminated, thereby improv-
ing accuracy of the sensor on the first beam body 121
in detecting the pressing force.

[0144] For example, the second magnet 142 is con-
trolled by an alternating current signal to generate elec-
tromagnetic force with the first magnet 141, to drive the
second beam body 122 of the elastic beam 12 to vi-
brate. The support structure 15 fixes and supports the
second connection position 12b between the second
beam body 122 and the first beam body 121 of the
elastic beam 12, to reduce or even eliminate the impact
of vibration of the second beam body 122 on deforma-
tion of the first beam body 121, so that an impact of the
haptic feedback on the accuracy of the sensor 13 on
the first beam body 121 in detecting the pressing force
after the haptic feedback is activated can be reduced or
even eliminated, thereby improving accuracy of the so-
lid-state button 10 in detecting the pressing force of the
user after the haptic feedback is activated.

[0145] FIG. 6 is a schematic diagram of a structure of
the solid-state button shown in FIG. 5 deforming under
electromagnetic force of a haptic feedback component.
[0146] FIG. 6 may be a schematic diagram of a solid-
state button deforming when the button cap 11 is not
subjected to pressing force of the user or the pressing
force is very small, and a haptic feedback component
14 is activated to cause a signal controller to output an
alternating current signal to a coil of a second magnet
142, to make the second magnet 142 and the first mag-
net 141 vibrate.

[0147] It can be seen from FIG. 6 that the first beam
body 121 undergoes substantially no deformation when
the haptic feedback component 14 is activated, and the
second magnet 142 and the first magnet 141 vibrate to
drive the second beam body 122 to deform. Therefore,
upon verification, the support structure 15 can reduce
or even eliminate an impact of deformation of the sec-
ond beam body 122 on deformation of the first beam
body 121.
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[0148] In an example, when a finger of the user
slides on the button cap 11 and applies a pressing force
of 0.3 N (Newton) to the button cap, and the haptic
feedback component 14 is activated to cause the sec-
ond magnet 142 to generate a vibration force of 2 N
relative to the first magnet 141, it can be found through
detection of the sensor 13 that an impact of the vibra-
tion force (2 N) provided by the haptic feedback com-
ponent 14 on strain of the sensor 13 is approximately
equal to one percent of an impact of the pressing force
(0.3 N) of the user on the strain of the sensor 13. At this
ratio, the impact of the vibration force on the accuracy
of detecting the pressing force is substantially negligi-
ble.

[0149] FIG. 7 is a schematic diagram of a structure of
the solid-state button shown in FIG. 5 deforming under
both pressing force of a user and electromagnetic force
of a haptic feedback component.

[0150] As shown in FIG. 7, when the button cap 11 is
subjected to the pressing force of the user, the button
cap 11 provides a pressure to the second beam body
122 of the elastic beam 12, so that the first beam body
121 and the second beam body 122 are both pressed
downward. In addition, in a process in which the button
cap 11 is subjected to the pressing force of the user,
the signal controller outputs an alternating current sig-
nal to the coil of the second magnet 142 to cause the
second magnet 142 and the first magnet 141 to vibrate.
The vibration is transmitted back to the button cap 11
through the second beam body 122, so that the finger
of the user can sense the haptic feedback.

[0151] When the button cap 11 is subjected to press-
ing force of the user, the two support structures 15 sup-
port and fix the two second connection positions 12b of
the elastic beam 12. Fixation of the second connection
positions 12b can reduce or even eliminate the impact
of deformation of the second beam body 122 on defor-
mation of the first beam body 121, thereby improving
accuracy of the sensor 13 on the first beam body 121 in
detecting the pressing force of the user.

[0152] It should be noted that the support structure
15 isolates an impact of electromagnetic force between
the second magnet 142 and the first magnet 141 on the
first beam body 121. Therefore, compared with the first
beam body 121, the second beam body 122 is not only
subjected to the pressing force of the user, but also to
the electromagnetic force between the second magnet
142 and the first magnet 141. Due to the isolation ac-
tion of the support structure 15, the first beam body 121
is substantially subjected only to the pressing force of
the user. Therefore, in FIG. 7, a degree of deformation
of the first beam body 121 is lower than a degree of
deformation of the second beam body 122. For exam-
ple, in FIG. 7, an inclination angle of the first beam
body 121 is smaller than an inclination angle of the
second beam body 122.

[0153] Therefore, the solid-state button provided in
embodiments of this application can ensure enhanced
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haptic feedback to the user and improve the accuracy
of detecting the pressing force of the user.

[0154] It should be noted that when the user presses
the button cap 11 to cause the elastic beam 12 to de-
form under stress, the elastic beam 12 may also trans-
mit the pressing force to the first magnet 141 through
the support structure 15, so that the first magnet 141
may also deform. To reduce a deformation amount of
the first magnet 141, the first magnet 141 may be man-
ufactured using a rigid material, or a thickness (a corre-
sponding dimension in a direction of the pressing force
in FIG. 7, or a corresponding dimension in a direction
perpendicular to a plane on which the cap body 111 is
located) of the first magnet 141 may be increased.
[0155] For example, the thickness of the first magnet
141 may be greater than or equal to 0.3 mm. For ex-
ample, the thickness of the first magnet 141 may be 0.3
mm, 0.35 mm, 0.4 mm, 0.42 mm, 0.47 mm, 0.5 mm, or
the like. This is not limited herein.

[0156] The following describes, based on a specific
structure and working principle of a sensor, an impact
of vibration generated by the haptic feedback compo-
nent 14 on accuracy of detecting pressing force when a
solid-state button 10 does not have a support structure
15, and describes how a haptic feedback component
14 reduces or even eliminates an impact on accuracy
of detecting the pressing force when the solid-state
button 10 has the support structure 15.

[0157] FIG. 8 is a schematic diagram of a structure of
a sensor. FIG. 9 is a circuit diagram of a Wheatstone
bridge.

[0158] It should be noted that the schematic diagram

shown in FIG. 8 illustrates a corresponding operating
status of a first sensor 131 on a left side of the solid-
state button, and corresponding strain of a second sen-
sor 132 may be symmetrical to that of the first sensor
131. To avoid repetition, the first sensor 131 is used as
an example for description subsequently, and a situa-
tion of the second sensor 132 may be undoubtedly de-
duced based on a symmetrical relationship.

[0159] A resistive pressure sensor is used as an ex-
ample for description in FIG. 8. As shown in FIG. 8, the
first sensor 131 includes an organic thin film 133, and
four resistors (R1, R2, R3, and R4) formed on the or-
ganic thin film 133. The organic film 133 may be a film
manufactured using polyimide (PI) or another suitable
material. This is not limited herein.

[0160] The four resistors (R1, R2, R3, and R4) may
form a Wheatstone bridge shown in FIG. 9 with wires.
One positive signal output by a positive terminal U1 of a
power supply flows to a negative terminal of a battery
through the resistor R1 and the resistor R2 in se-
quence, and another positive signal output by the posi-
tive terminal U1 of the power supply flows to the nega-
tive terminal of the battery through the resistor R4 and
the resistor R3 in sequence. A first voltage output term-
inal Vout1 is a node where the resistor R1 and the
resistor R2 are connected. A second voltage output
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terminal Vout2 is a node where the resistor R4 and the
resistor R3 are connected. A voltage value output by
the first voltage output terminal Vout1 of the Wheat-
stone bridge is R2/(R1+R2)xU1, and a voltage value
output by the second voltage output terminal Vout2 is
R3/(R3+R4)xU1.

[0161] When a user does not press the solid-state
button 10, resistance values of the four resistors are
equal. In this case, the voltage value output by the first
voltage output terminal Vout1 and the voltage output by
the second voltage output terminal Vout2 of the Wheat-
stone bridge are equal, and a voltage difference be-
tween the first voltage output terminal Vout1 and the
second voltage output terminal Vout2 is 0.

[0162] It should be noted that in addition to being
subjected to the pressing force perpendicular to the
pressing surface and the electromagnetic force gener-
ated by the haptic feedback component 14, an elastic
beam 12 may be also under internal stress resulting
from slight twisting (about an axis in a direction from
the resistor 1 to the resistor 2) of the sensor. Such
twisting may arise when pressing force of the user is
not perpendicular to the pressing surface on the cap
body 111, or due to an installation tolerance in fixing
the elastic beam 12 to the board body 22. Conse-
quently, positions at which the resistor R1 and the re-
sistor R4 are located undergo outward bending and
tensile strain, and positions at which the resistor R2
and the resistor R3 are located undergo inward being
and compressive strain. As shown in FIG. 10, such
internal stress may cause the resistor R1 and the resis-
tor R4 to generate positive strain, and the resistor R2
and the resistor R3 to generate negative strain, or
cause the resistor R1 and the resistor R4 to generate
negative strain, and the resistor R2 and the resistor R3
to generate positive strain. This is not limited herein.
[0163] However, whether the resistor R1 and the re-
sistor R4 generate positive strain, and the resistor R2
and the resistor R3 generate negative strain, or the
resistor R1 and the resistor R4 generate negative
strain, and the resistor R2 and the resistor R3 generate
positive strain, the voltage difference between the first
voltage output terminal Vout1 and the second voltage
output terminal Vout2 of the Wheatstone bridge is sub-
stantially not affected. Therefore, such force other than
the pressing force perpendicular to the pressing sur-
face and the electromagnetic force generated by the
haptic feedback component 14 does not affect accu-
racy of the sensor 13 in detecting the pressing force. In
this way, the voltage difference between the first vol-
tage output terminal Vout1 and the second voltage out-
put terminal Vout2 of the Wheatstone bridge may be
considered to be caused by the user pressing the so-
lid-state button 10. Therefore, the pressing force ap-
plied by the user to press the solid-state button 10 can
be accurately determined based on the voltage differ-
ence, so that accuracy of the solid-state button 10 in
detecting the pressing force can be improved.
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[0164] The following describes various structures of
the support structure 15 in the solid-state button 10.
[0165] As shown in FIG. 5 to FIG. 7, in some exam-
ples, the support structure 15 may include a rigid part
151. The rigid part 151 may be manufactured using and
formed of one or more rigid materials such as stainless
steel and titanic alloy.

[0166] One end of the rigid part 151 is fixedly con-
nected to an elastic beam 12, and the other end of the
rigid part 151 is fixedly connected to a first magnet 141.
[0167] When a haptic feedback component 14 vi-
brates to cause a second beam body 122 to move to-
ward the first magnet 141, the rigid part 151 is sub-
jected to a pressure, internal stress is generated in the
rigid part 151, and the first magnet 141 is pressed
downward.

[0168] In this way, the rigid part 151 and the first
magnet 141 under the pressure may generate counter-
acting force to resist the pressure, and provide support-
ing force for a second connection position 12b. The
supporting force provided by the rigid part 151 for the
second connection position 12b reduces or even elim-
inates the impact of movement of the second beam
body 122 toward the first magnet 141 on deformation
of the first beam body 121, so that an impact on accu-
racy of the sensor 13 on the first beam body 121 in
detecting the pressing force of the user after the haptic
feedback is activated can be reduced or even elimi-
nated, thereby improving the accuracy of the solid-state
button 10 in detecting the pressing force of the user
after the haptic feedback is activated.

[0169] The vibration is bidirectional. Vibration gener-
ated by the haptic feedback component 14 also causes
the second beam body 122 to move away from the first
magnet 141.

[0170] When vibration of the haptic feedback compo-
nent 14 vibrates to cause the second beam body 122 to
move away from the first magnet 141, the rigid part 151
is subjected to pulling force, internal tensile stress is
generated in the rigid part 151, and the first magnet
141 is pulled up.

[0171] In this way, the rigid part 151 and the first
magnet 141 under the pulling force generate counter-
acting force to resist the pulling force, and generate
pullback force on the second connection position 12b.
The pullback force generated by the rigid part 151 at
the second connection position 12b reduces or even
eliminates the impact of movement of the second beam
body 122 away from the first magnet 141 on deforma-
tion of the first beam body 121, so that an impact on
accuracy of the sensor 13 on the first beam body 121 in
detecting the pressing force of the user after the haptic
feedback is activated can be reduced or even elimi-
nated, thereby improving the accuracy of the solid-state
button 10 in detecting the pressing force of the user
after the haptic feedback is activated.

[0172] The rigid part 151 and the elastic beam 12
may be fixedly connected in a manner such as bolting
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or welding. Alternatively, the rigid part 151 and the elas-
tic beam 12 may be connected to each other to form an
integral structure. Similarly, the rigid part 151 and the
first magnet 141 may be fixedly connected in a manner
such as bolting or welding. Alternatively, the rigid part
151 and the first magnet 141 may be connected to
each other to form an integral structure.

[0173] For example, the rigid part 151 may include a
column. A cross section of the column may be a circle,
a rectangle, an ellipse, a regular polygon (for example,
an equilateral triangle or a regular hexagon), or an irre-
gular figure. This is not limited in embodiments of this
application.

[0174] In some examples, a cross-sectional area (a
dimension in a direction parallel to an extension direc-
tion of a button cap 11) of the rigid part 151 is positively
correlated to effectiveness of decoupling between the
haptic feedback component 14 and a sensor 13. It may
be understood that the larger the cross-sectional area
of the rigid part 151, the more stable the fixation of the
second connection position 12b. Accordingly, deforma-
tion of the second beam body 122 causes a lower de-
gree of deformation of the first beam body 121, thereby
reducing an impact on accuracy of the sensor 13 in
detecting pressing force of the user after the haptic
feedback is activated.

[0175] Therefore, when the effectiveness of decou-
pling between the haptic feedback component 14 and
the sensor 13 may be degraded due to large electro-
magnetic force of the haptic feedback component 14
that drives the second beam body 122 to vibrate, the
effectiveness of decoupling between the haptic feed-
back component 14 and the sensor 13 may be im-
proved by increasing the cross-sectional area of the
rigid part 151, thereby ensuring accuracy of the sensor
13 in detecting the pressing force of the user after the
haptic feedback is activated.

[0176] In other words, the cross-sectional area of the
rigid part 151 may be positively correlated to vibration
intensity of the second beam body 122 (or electromag-
netic force between the first magnet 141 and the sec-
ond magnet 142). In this way, the effectiveness of de-
coupling between the haptic feedback component 14
and the sensor 13 may be improved, thereby ensuring
the accuracy of the sensor 13 in detecting the pressing
force of the user after the haptic feedback is activated.

[0177] There may be two rigid parts 151, and the two
rigid parts 151 are respectively located at two opposite
sides of the second magnet 142.

[0178] In some examples, a spacing between the two
rigid parts 151 is negatively correlated to the vibration
intensity of the second beam body 122 (or the electro-
magnetic force between the first magnet 141 and the
second magnet 142). It may be understood that if a
spacing distance between the two rigid parts 151 is
smaller, a length of the second beam body 122 is short-
er, it is more difficult for the haptic feedback component
14 to drive the second beam body 122 to vibrate.
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[0179] Therefore, when the electromagnetic force of
the haptic feedback component 14 that drives the sec-
ond beam body 122 to vibrate is constant, the vibration
intensity of the second beam body 122 can be adjusted
by adjusting the spacing distance between the two rigid
parts 151, so that the second beam body 122 can
transmit appropriate haptic feedback to the button cap
11, thereby improving haptic experience of the user
when pressing the solid-state button 10.

[0180] For example, when the electromagnetic force
of the haptic feedback component 14 that drives the
second beam body 122 to vibrate is constant, the spa-
cing distance between the two rigid parts 151 may be
increased, to increase intensity of vibration of the sec-
ond beam body 122 along with the second magnet 142,
thereby strengthening haptic feedback provided by the
haptic feedback component 14 to the user. Alterna-
tively, the spacing distance between the two rigid parts
151 may be reduced, to weaken intensity of vibration of
the second beam body 122 along with the second mag-
net 142, so as to reduce intensity of the haptic feed-
back provided by the haptic feedback component 14 to
the user.

[0181] In addition, because in different solid-state
buttons 10, the electromagnetic force of the haptic
feedback component 14 that drives the second beam
body 122 to vibrate is different, the spacing distance
between the two rigid parts 151 may be adjusted based
on the magnitude of the electromagnetic force of the
haptic feedback component 14 that drives the second
beam body 122 to vibrate in a solid-state button 10, so
that the solid-state button 10 can provide appropriate
haptic feedback to the user, thereby improving the
user’s haptic experience when pressing the solid-state
button 10.

[0182] For example, in one solid-state button 10,
when the electromagnetic force of the haptic feedback
component 14 that drives the second beam body 122
to vibrate is large, the spacing distance between the
two rigid parts 151 may be reduced, to weaken the
intensity of vibration of the second beam body 122
along with the second magnet 142, so as to reduce
intensity of the haptic feedback provided by the haptic
feedback component 14 to the user. For another exam-
ple, in another solid-state button 10, when the electro-
magnetic force of the haptic feedback component 14
that drives the second beam body 122 to vibrate is
small, the spacing distance between the two rigid parts
151 may be increased, to increase intensity of vibration
of the second beam body 122 along with the second
magnet 142, thereby strengthening haptic feedback
provided by the haptic feedback component 14 to the
user.

[0183] FIG. 11 is a schematic diagram of a structure
of another solid-state button according to an embodi-
ment of this application. FIG. 12 is a schematic diagram
of a three-dimensional structure of a rigid part and a
first magnet in FIG. 11.
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[0184] As shown in FIG. 11, a rigid part 151 and a
first magnet 141 are of a same material, and are con-
nected to each other to form an integrally formed struc-
ture. For example, the rigid part 151 and the first mag-
net 141 are both stainless steel, or a titanic alloy.
[0185] FIG. 12 shows an integrally formed structure
formed by the rigid part 151 and the first magnet 141.
The two rigid parts 151 are respectively located at two
ends of the first magnet 141 in a length direction, and
protrude toward the elastic beam 12. A top of the rigid
part 151 is fixedly connected to an elastic beam 12.
[0186] To avoid degradation of effectiveness of de-
coupling between a haptic feedback component 14
and a sensor 13 due to large electromagnetic force of
the haptic feedback component 14 that drives the sec-
ond beam body 122 to vibrate, the rigid part 151 and
the first magnet 141 may be an integrally formed struc-
ture to increase fixation strength between the rigid part
151 and the first magnet 141 and overall rigidity of the
stability structure, so as to improve the effectiveness of
decoupling between the haptic feedback component 14
and the sensor 13, thereby ensuring the accuracy of
the sensor 13 in detecting pressing force applied by a
user after the haptic feedback is activated.

[0187] FIG. 13 is a schematic diagram of a structure
of still another solid-state button according to an embo-
diment of this application.

[0188] In some examples, a rigid part 151 may in-
clude a lateral edge. The rigid part 151 as a frustum
and the rigid part 151 as a column basically have the
same functions for the elastic beam 12 and the first
magnet 141, and moreover, can both decouple the
stable structure from the sensor 13, thereby implement-
ing haptic feedback for the user and improving accu-
racy of the sensor 13 in detecting pressing force ap-
plied by a user after the haptic feedback is activated.
This is not described herein again in this application.
[0189] As shown in FIG. 13, in some examples, a
fixation area between the rigid part 151 and the elastic
beam 12 is smaller than a fixation area between the
rigid part 151 and the first magnet 141. It may be un-
derstood that the fixation area between the rigid part
151 and the elastic beam 12 is a contact area between
a second connection position 12b and the rigid part
151. For example, the rigid part 151 is welded to the
elastic beam 12, and the fixation area between the rigid
part 151 and the elastic beam 12 is a welding area. For
another example, the rigid part 151 is bolted to the
elastic beam 12, and the fixation area between the rigid
part 151 and the elastic beam 12 is a contact area
between a secure member in a bolt and the elastic
beam 12.

[0190] Providing a relatively large fixation area be-
tween the rigid part 151 and the first magnet 141 can
increase fixation strength between a support structure
15 and the first magnet 141, to reduce a degree of
deformation of the first magnet 141 when a user
presses the button. In addition, there are many parts
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connected to the elastic beam 12 but a length of the
elastic beam 12 is limited. Reducing the fixation area
between the rigid part 151 and the elastic beam 12 can
facilitate fixed connection of the support structure 15
with the elastic beam 12 in a limited space.

[0191] In some other examples, the fixation area be-
tween the rigid part 151 and the elastic beam 12 is
greater than the fixation area between the rigid part
151 and the first magnet 141. It may be understood that
the fixation area between the rigid part 151 and the
elastic beam 12 is an area of the second connection
position 12b on a plane parallel to a pressing surface.
[0192] Providing a relatively large fixation area be-
tween the rigid part 151 and the elastic beam 12 can
increase fixation strength between the support struc-
ture 15 and the elastic beam 12, to reduce as much as
possible an impact of vibration of the second beam
body 122 on deformation of the first beam body 121,
so as to reduce or even eliminate the impact on the
accuracy of a sensor on the first beam body 121 in
detecting the pressing force of the user, thereby im-
proving the accuracy of the solid-state button in detect-
ing the pressing force of the user after the haptic feed-
back is activated.

[0193] FIG. 14 is a schematic diagram of a structure
of yet another solid-state button according to an embo-
diment of this application.

[0194] Electromagnetic force generated by a haptic
feedback component 14 may be variable force. There-
fore, for support structures 15 to decouple the haptic
feedback component 14 from sensors 13, second con-
nection positions 12b between first beam bodies 121
and a second beam body 122 need to be fixed flexibly.
[0195] Therefore, in some examples, the support
structure 15 may include an elastic part 152. The elas-
tic part 152 may be a splinter, a spring, or the like. This
is not limited herein. The elastic part 152 may be used
in a scenario in which the haptic feedback component
14 generates small electromagnetic force. Specifically,
the elastic part 152 may be used in a scenario in which
the haptic feedback component 14 generates electro-
magnetic force that is smaller than elastic force of the
elastic part 152.

[0196] As shown in FIG. 14, the elastic part 152 in-
cludes a first fixing portion 1521, a second fixing portion
1522, and a connection portion 1523 connecting the
first fixing portion 1521 and the second fixing portion
1522. The first fixing portion 1521 is fixedly connected
to the elastic beam 12, and the second fixing portion
1522 is fixedly connected to a first magnet 141. It may
be understood that a position at which the first fixing
portion 1521 is fixedly connected to the elastic beam
12 is the second connection position 12b.

[0197] It should be noted that the first fixing portion
1521 and the second fixing portion 1522 may be ar-
ranged at least partially in alignment with each other,
or as shown in FIG. 14, the first fixing portion 1521 and
the second fixing portion 1522 may be arranged in a
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staggered manner. For example, the second fixing por-
tion 1522 is located on a side of the first fixing portion
1521 close to the second magnet 142. For another ex-
ample, the second fixing portion 1522 is located on a
side of the first fixing portion 1521 away from the sec-
ond magnet 142. The first fixing portion 1521 and the
second fixing portion 1522 are arranged in a staggered
manner, so that a size of the elastic part 152 can be
increased, thereby increase a magnitude of elastic sup-
porting force provided by the elastic part 152 for the
second connection position 12b.

[0198] When the user does not press the solid-state
button 10, the elastic part 152 may be in an unstressed
state, and there is no internal stress in the elastic part
152. It may be understood that there is no pulling force
or pressure between the first fixing portion 1521 and
the connection portion 1523, and there is no pulling
force or pressure between the second fixing portion
1522 and the connection portion 1523.

[0199] When the haptic feedback component 14 vi-
brates to cause the second beam body 122 to move
toward the first magnet 141, the elastic part 152 is sub-
jected to a pressure, and internal stress is generated in
the elastic part 152. The first fixing portion 1521 under
the pressure of the elastic beam 12 presses the con-
nection portion 1523 downward, and the connection
portion 1523 presses the second fixing portion 1522
downward.

[0200] In this way, the elastic part 152 under the
pressure generates counter-acting force to resist the
pressure, and provides supporting force for the second
connection position 12b. The supporting force provided
by the elastic part 152 for the second connection posi-
tion 12b reduces or even eliminates the impact of
movement of the second beam body 122 toward the
first magnet 141 on deformation of the first beam body
121, so as to reduce or even eliminate an impact on
accuracy of the sensor 13 on the first beam body 121
in detecting the pressing force of the user, thereby im-
proving the accuracy of the solid-state button 10 in de-
tecting the pressing force of the user after the haptic
feedback is activated.

[0201] The vibration is bidirectional. Vibration gener-
ated by the haptic feedback component 14 also causes
the second beam body 122 to move away from the first
magnet 141.

[0202] When the haptic feedback component 14 vi-
brates to cause the second beam body 122 to move
away from the first magnet 141, the elastic part 152 is
subjected to pulling force, and internal tensile stress is
generated in the elastic part 152. Under pulling force of
the elastic beam 12, the first fixing portion 1521 pulls up
the connection portion 1523, and the connection por-
tion 1523 pulls up the second fixing portion 1522.
[0203] In this way, the elastic part 152 under the pull-
ing force generates counter-acting force to resist the
pulling force, and generates pullback force on the sec-
ond connection position 12b. The pullback force gener-
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ated by the elastic part 152 at the second connection
position 12b reduces or even eliminates the impact of
movement of the second beam body 122 away from
the first magnet 141 on deformation of the first beam
body 121, so that an impact on accuracy of the sensor
13 on the first beam body 121 in detecting the pressing
force of the user after the haptic feedback is activated
can be reduced or even eliminated, thereby improving
the accuracy of the solid-state button 10 in detecting
the pressing force of the user after the haptic feedback
is activated.

[0204] FIG. 15 is a schematic diagram of a structure
of yet another solid-state button according to an embo-
diment of this application.

[0205] In some examples, as shown in FIG. 15, a
support structure 15 may include both a rigid part 151
made of a rigid material and an elastic part 152 made
of an elastic material.

[0206] The elastic part 152 may be located on a side
of the rigid part 151 close to a second magnet 142, or
the elastic part 152 may be located on a side of the
rigid part 151 away from the second magnet 142. This
is not limited in embodiments of this application.

[0207] For connection relationships between the rigid
part 151, an elastic beam 12, and a first magnet 141 in
FIG. 15, reference may be made to connection relation-
ships between the rigid part 151, the elastic beam 12,
and the first magnet 141 in FIG. 5 to FIG. 7. Details are
not described herein again. Similarly, for connection
relationships between the elastic part 152, the elastic
beam 12, and the first magnet 141 in FIG. 15, reference
may be made to connection relationships between the
elastic part 152, the elastic beam 12, and the first mag-
net 141 in FIG. 14. Details are not described herein
again.

[0208] When electromagnetic force is large and sup-
porting force of the rigid part 151 is insufficient, the
elastic part 152 increases supporting force of the sup-
port structure 15 for the entire elastic beam 12, to in-
crease fixation strength for the second connection posi-
tion 12b. Alternatively, when electromagnetic force is
large and pullback force of the rigid part 151 is insuffi-
cient, the elastic part 152 increases pullback force of
the support structure 15 for the entire elastic beam 12,
to increase fixation strength for the second connection
position 12b.

[0209] In the solid-state button 10 shown in FIG. 15,
the support structure 15 includes both the rigid part 151
and the elastic part 152. The rigid part 151 can be used
to ensure basic fixation strength for the second connec-
tion position 12b on the elastic beam 12, thereby sig-
nificantly eliminating an impact of vibration of the sec-
ond beam body 122 on deformation of the first beam
body 121. In addition, the elastic part 152 can be used
to optimize a magnitude of fixation force of the rigid part
151 on the second connection position 12b, so that the
support structure 15 flexibly adapts to rigidity required
for decoupling the haptic feedback component 14 from
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the sensor 13 under different vibration intensity.

[0210] FIG. 16 is a schematic diagram of a structure
of yet another solid-state button according to an embo-
diment of this application.

[0211] Alternatively, two support structures 15 in a
solid-state button 10 may be located between two con-
nection bodies 112. It may be understood that two sec-
ond connection positions 12b on an elastic beam 12
are located between two first connection positions 12a
of the elastic beam 12, and the first connection posi-
tions 12a are located on a first beam body 121.

[0212] A second magnet 142 interacts with a first
magnet 141 to drive a second beam body 122 of the
elastic beam 12 to vibrate. The support structure 15
fixes and supports a position between the second
beam body 122 and the first beam body 121 of the
elastic beam 12, to reduce or even eliminate the impact
of vibration of the second beam body 122 on deforma-
tion of the first beam body 121, so that an impact of the
haptic feedback on the accuracy of the sensor 13 on
the first beam body 121 in detecting the pressing force
after the haptic feedback is activated can be reduced or
even eliminated, thereby improving accuracy of the so-
lid-state button 10 in detecting the pressing force of the
user after the haptic feedback is activated.

[0213] When the button cap 11 is subjected to press-
ing force of the user, the button cap 11 provides a pres-
sure to the first beam body 121 of the elastic beam 12.
Because the sensor 13 is also located on the first beam
body 121, the sensor 13 can more sensitively sense
deformation of the first beam body 121 caused by the
pressing force of the user, thereby improving accuracy
of detecting the pressing force of the user.

[0214] When the button cap 11 is subjected to the
pressing force of the user, a signal controller outputs
an alternating current signal to a coil of the second
magnet 142 to cause the second magnet 142 and the
first magnet 141 to vibrate. The vibration is transmitted
back to the button cap 11 through the second beam
body 122 and the first beam body 121 in sequence, so
that a finger of the user can slightly sense haptic feed-
back.

[0215] Therefore, the solid-state button provided in
embodiments of this application can ensure enhanced
haptic feedback to the user and improve the accuracy
of detecting the pressing force of the user.

[0216] FIG. 17 is a schematic diagram of a structure
of yet another solid-state button according to an embo-
diment of this application.

[0217] As shown in FIG. 17, the elastic beam 12 may
include a plurality of parts. For example, the elastic
beam 12 includes a first elastic portion 123 and two
second elastic portions 124 respectively connected to
two ends of the first elastic portion 123. The second
elastic portions 124 are connected to both the first elas-
tic portion 123 and the board body 22. The second
elastic portion 124 may be fixedly connected to the first
elastic portion 123. Similarly, the second elastic portion

10

15

20

25

30

35

40

45

50

55

19

124 may be fixedly connected to the board body 22.
[0218] As shown in FIG. 17, the second magnet 142
may be disposed on the first elastic portion 123. When
the second magnet 142 vibrates, the second magnet
142 may drive the first elastic portion 123 to vibrate.
[0219] A sensor 13 may be disposed on the second
elastic portion 124. The sensor 13 may detect pressing
force applied by a user to a solid-state button 10 by
detecting a deformation amount of the second elastic
portion 124.

[0220] In some examples, the rigidity of the first elas-
tic portion 123 may be the same as the rigidity of the
second elastic portion 124. For example, the first elas-
tic portion 123 and the second elastic portion 124 are
manufactured using a same material. In some other
examples, the rigidity of the first elastic portion 123
may be different from the rigidity of the second elastic
portion 124. For example, the rigidity of the first elastic
portion 123 is greater than the rigidity of the second
elastic portion 124.

[0221] In some examples, the first elastic portion 123
and the second elastic portion 124 overlap with each
other on a plane parallel to the cap body 111, and a part
of the first elastic portion 123 and a part of the second
elastic portion 124 that overlap with each other may be
fixedly connected through welding. Alternatively, as
shown in FIG. 17, the solid-state button 10 may further
include a first connection piece 16. In addition, a part of
the first elastic portion 123 and the second elastic por-
tion 124 that overlap with each other is connected to
the first connection piece 16. For example, the first con-
nection piece 16 may be bolted to the first elastic por-
tion 123 and the second elastic portion 124, so that the
first elastic portion 123 and the second elastic portion
124 are fixedly connected to each other by using the
first connection piece 16.

[0222] Further, the first connection piece 16 may be
fixedly connected to the connection body 112 in the
button cap 11. It may be understood that the connec-
tion body 112 in the button cap 11 and the elastic beam
12 are spaced apart from each other, and are fixedly
connected by using the first connection piece 16. In this
way, the first connection piece 16 is fixedly connected
to the connection body 112 in the button cap 11, the
first elastic portion 123, and the second elastic portion
124, so that the fixed connection between the connec-
tion body 112, the first elastic portion 123, and the sec-
ond elastic portion 124 can be implemented.

[0223] As shown in FIG. 17, an electronic device 20
may include a second connection piece 17. The second
connection piece 17 is fixedly connected to the board
body 22, and the second connection piece 17 may
further be fixedly connected to the second elastic por-
tion 124, so that the second elastic portion 124 is indir-
ectly fixedly connected to the board body 22 by using
the second connection piece 17.

[0224] Further, the second connection piece 17 may
also be fixedly connected to a housing 30. The second
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connection piece 17 may support the housing 30.
When the user presses the solid-state button 10, an
edge of a finger may contact the housing 30, so that
pressing force may be also applied to the housing 30,
to cause the housing 30 surrounding the solid-state
button 10 to deform downward. The second connection
piece 17 is located on the periphery of the solid-state
button 10. By providing supporting for the housing 30, a
problem that the housing 30 on the periphery moves
downward when the user presses the solid-state button
10 can be mitigated or even avoided, and structural
strength of the housing 30 is improved, thereby improv-
ing reliability of the electronic device 100.

[0225] Certainly, the second elastic portion 124 may
alternatively be fixedly connected to the board body 22
of the electronic device 100 in another manner such as
welding or bolting. This is not limited herein. For ease
of understanding, the foregoing embodiments are fix-
edly connected to the board body 22 in the middle
frame 20 by using the elastic beam 12. However, it
should be noted that, in some other examples, the elas-
tic beam 12 may alternatively be fixedly connected to
the border frame 21 in the middle frame 20, and may
be specifically disposed based on a specific actual con-
struction of the electronic device.

[0226] Essentially, the elastic beam 12 formed by a
plurality of parts in FIG. 17 has a substantially identical
function as the elastic beam 12, which is an integrally
formed structure in FIG. 5. Therefore, when the solid-
state button 10 shown in FIG. 17 includes the support
structures 15, the solid-state button 10 shown in FIG.
17 can ensure enhanced haptic feedback to the user
and improve the accuracy of detecting the pressing
force of the user.

[0227] In addition, because the elastic beam 12 in-
cludes a plurality of parts, the plurality of parts may be
simultaneously manufactured, thereby improving man-
ufacturing efficiency of the elastic beam 12. In addition,
compared with the entire structure of the elastic beam,
the structure of each part is simpler, and therefore, the
part is simpler to manufacture, thereby reducing diffi-
culty in manufacturing the elastic beam 12.

[0228] FIG. 18 is a schematic diagram of a structure
of yet another solid-state button according to an embo-
diment of this application.

[0229] The sensor 13 in the solid-state button 10 may
be a pressure sensor printed with polymer ink. The
pressure sensor printed with polymer ink has an advan-
tage of low costs. However, the pressure sensor printed
with polymer ink also has problems of poor accuracy of
detecting the pressing force and large temperature drift
(also be referred to as zero drift). The temperature drift
is a change of a parameter of a semiconductor device
caused by a temperature change, and may reduce de-
tection accuracy of a sensor.

[0230] As shown in FIG. 18, the sensor 13 in the
solid-state button 10 may further be at least one of
microelectro mechanical systems (microelectro me-
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chanical systems, MEMS) piezoresistive sensor, a me-
tal strain gauge pressure sensor, an optical sensor, an
ultrasonic deformation sensor, or a piezoelectric pres-
sure sensor. These sensors have high detection accu-
racy, and can improve accuracy of the solid-state but-
ton 10 in detecting the pressing force of the user.
[0231] In conclusion, embodiments of this application
provide a solid-state button and an electronic device on
which the solid-state button is mounted. The use of the
support structure 15 enables the haptic feedback com-
ponent 14 and the sensor 13 to be decoupled as much
as possible, so that an impact of vibration of the elastic
beam 12 driven by the haptic feedback component 14
on accuracy of the sensor 13 in detecting the pressing
force of the user after haptic feedback is activated is
reduced or even eliminated. Accordingly, the solid-state
button 10 can provide enhanced haptic feedback and
accurately detect the pressing force of the user.

[0232] The foregoing descriptions are merely specific
implementations of this application, but are not in-
tended to limit the protection scope of this application.
Any variation or replacement within the technical scope
disclosed in this application shall fall within the protec-
tion scope of this application. Therefore, the protection
scope of this application shall be subject to the protec-
tion scope of the claims.

Claims
1. A button, comprising:

a button cap, having a pressing surface for a
user to press;

an elastic beam, connected to the button cap;
a haptic feedback component, comprising a
first magnet and a second magnet, wherein
the first magnet and the second magnet are
arranged opposite to and spaced apart from
each other, and the second magnet is dis-
posed on the elastic beam;

sensors, located on the elastic beam, and con-
figured to sense a deformation amount of the
elastic beam; and

support structures, each separately fixedly
connected to the elastic beam and the first
magnet, wherein a connection position of the
support structure on the elastic beam is lo-
cated between the sensor and the second
magnet.

2. The button according to claim 1, wherein the sup-
port structure comprises a rigid part, a first end of
the rigid part is fixedly connected to the elastic
beam, and a second end of the rigid part is fixedly
connected to the first magnet.

3. The button according to claim 2, wherein the rigid
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part and the first magnet are connected to each
other to form an integral structure.

The button according to claim 2 or 3, wherein a
fixation area between the rigid part and the elastic
beam is smaller than a fixation area between the
rigid part and the first magnet; or

the fixation area between the rigid part and the
elastic beam is greater than the fixation area be-
tween the rigid part and the first magnet.

The button according to any one of claims 1 to 4,
wherein the support structure comprises an elastic
part; and the elastic part comprises a first fixing
portion fixed to the elastic beam, a second fixing
portion fixed to the first magnet, and a connection
portion connecting the first fixing portion and the
second fixing portion.

The button according to claim 5, wherein the first
fixing portion and the second fixing portion are ar-
ranged in a staggered manner on a plane parallel
to the pressing surface.

The button according to any one of claims 1 to 6,
wherein a connection position of the sensor on the
elastic beam is spaced apart from a connection
position of the support structure on the elastic
beam; and/or

a connection position of the button cap on the elas-
tic beam is spaced apart from the connection posi-
tion of the support structure on the elastic beam.

The button according to any one of claims 1 to 7,
wherein the button cap comprises a cap body and
at least one connection body, and the connection
body is separately connected to the cap body and
the elastic beam; and

the connection body is located between the sup-
port structure and the second magnet.

The button according to any one of claims 1 to 8,
wherein a dimension of the first magnet in a direc-
tion perpendicular to the pressing surface is great-
er than or equal to 0.3 mm.

The button according to any one of claims 1 to 9,
wherein a spacing distance between the first mag-
net and the second magnet is greater than or equal
to 0.05 mm in the direction perpendicular to the
pressing surface.

The button according to any one of claims 1 to 10,
wherein the sensor comprises at least one of a
microelectro mechanical systems piezoresistive
sensor, a metal strain gauge pressure sensor, an
optical sensor, and an ultrasonic deformation sen-
sor.
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The button according to any one of claims 1 to 11,
wherein the elastic beam comprises a first elastic
portion and two second elastic portions fixedly con-
nected to two ends of the first elastic portion, re-
spectively; and

the second magnet is disposed on the first elastic
portion, the sensor is disposed on the second elas-
tic portion, and the support structure is fixedly con-
nected to the second elastic portion.

An electronic device, comprising:

a housing; and

the button according to any one of claims 1 to
12, wherein the housing exposes at least a
part of a button cap of the button.

The electronic device according to claim 13,
wherein the button is a solid-state button.

The electronic device according to claim 13 or 14,
wherein the housing further comprises a back cov-
er and a middle frame; and the elastic beam of the
button is fixedly connected to the middle frame,
and the first magnet and the middle frame are in-
dependent of each other.
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