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(54) Switch control module with piezoelectric element and electric device employing same

(57) A switch control module (2) for an electric device
(4) is provided. The switch control module (2) includes a
substrate (21) and at least one piezoelectric element
(22). The substrate (21) includes a first surface (211) and
a second surface (212). Moreover, at least one operating
area (213) is formed on the first surface (211). The at
least one piezoelectric element (22) is attached on the
second surface (212) of the substrate (21) and aligned

with the at least one operating area (213). In response
to an external force (P) exerted on the at least one op-
erating area (213) of the substrate (21), the at least one
piezoelectric element (22) is subjected to a deformation.
According to an amount of the deformation, a voltage
signal (V) is generated to control operations of the electric
device (4).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a switch control
module, and more particularly to a switch control module
with a piezoelectric element. The present invention also
relates to an electric device with the switch control mod-
ule.

BACKGROUND OF THE INVENTION

[0002] With increasing development and advance of
electronic industries, a variety of information home ap-
pliances such as electric cookers, induction cookers or
microwave ovens are widely used to cook food. Moreo-
ver, these information home appliances gradually be-
come essential electric devices in our daily lives.
[0003] For example, an induction cooker is used to
cook food according to electromagnetic induction. When
a current flows through an induction coil of the induction
cooker, a conductor such as a foodstuff container (e.g.
an iron pot, a stainless steel pot or a metal pot) is placed
in a magnetic field which varies with time. Consequently,
the magnetic flux passing through the conductor will
change with time, and an eddy current will be produced
to resist the change of the magnetic flux. When the eddy
current flows through a resistor, heat is generated. Since
the eddy current can quickly heat the conductor (i.e. the
foodstuff container), the food within the foodstuff contain-
er can be effectively cooked.
[0004] A process of fabricating an induction cooker will
be illustrated as follows. Firstly, a winding coil, an insu-
lating plate and a magnetic core assembly are positioned
on a positioning plate, thereby collaboratively defining a
magnetic element. Then, the magnetic element is placed
on a supporting plate within the induction cooker, and
the magnetic element is electrically connected with a cir-
cuit board. After the induction cooker is fabricated, the
magnetic element may allow an eddy current to be in-
duced on the foodstuff container by utilizing electromag-
netic induction so as to heat the foodstuff container which
is placed on the induction cooker.
[0005] Moreover, the induction cooker has a switch
control module. The switch control module is disposed
on a casing of the induction cooker for allowing a user to
control the induction cooker. FIG. 1 is a schematic side
view illustrating a conventional switch control module. As
shown in FIG. 1, the switch control module 1 comprises
a ceramic glass plate 11 and a plurality of capacitive in-
duction switches 12. The capacitive induction switches
12 are electrically connected with a circuit board 13 for
controlling on/off states of corresponding magnetic ele-
ments (not shown). The capacitive induction switch 12
is a capacitor-based switch. When a conductor (e.g. a
finger) touches a key on the surface of the ceramic glass
plate 11, the movement of the charges from the user’s
finger results in the change of the capacitance value of

the corresponding capacitive induction switch 12. When
the change of the capacitance value is detected by a
detecting circuit of a built-in controller (not shown), a cor-
responding action is controlled by the controller accord-
ing to the detecting result.
[0006] Although the conventional switch control mod-
ule 1 is capable of controlling the operations of the in-
duction cooker, there are still some drawbacks. For ex-
ample, if the soup splashes or overflows on the surface
of the ceramic glass plate 11 to result in the environment
change, the key on the surface of the ceramic glass plate
11 may be erroneously touched. Consequently, the ca-
pacitance value of the capacitive induction switch 12
changes. Under this circumstance, the capacitive induc-
tion switch 12 is suffered from an erroneous action to
activate an unexpected function. Meanwhile, the use of
the induction cooker is at risk.
[0007] Therefore, there is a need of providing a switch
control module with a piezoelectric element and an elec-
tric device with the switch control module in order to elim-
inate the above drawbacks.

SUMMARY OF THE INVENTION

[0008] The present invention provides a switch control
module with a piezoelectric element and an electric de-
vice with the switch control module in order to eliminate
the drawbacks encountered in the prior arts and avoid
the generation of the erroneous action and increase the
safety of operating the electric device.
[0009] In accordance with an aspect of the present in-
vention, there is provided a switch control module for an
electric device. The switch control module includes a sub-
strate and at least one piezoelectric element. The sub-
strate includes a first surface and a second surface.
Moreover, at least one operating area is formed on the
first surface. The at least one piezoelectric element is
attached on the second surface of the substrate and
aligned with the at least one operating area. In response
to an external force exerted on the at least one operating
area of the substrate, the at least one piezoelectric ele-
ment is subjected to a deformation. According to an
amount of the deformation, a voltage signal is generated
to control the operations of the electric device.
[0010] In accordance with another aspect of the
present invention, there is provided an electric device.
The electric device includes a covering member, a cas-
ing, a magnetic element, a circuit board, and a switch
control module. The magnetic element is disposed within
the casing. The circuit board is disposed within the casing
and electrically connected with the magnetic element.
The switch control module is electrically connected with
the circuit board, and located at an edge of the covering
member. The switch control module includes a substrate
and at least one piezoelectric element. The substrate in-
cludes a first surface and a second surface. Moreover,
at least one operating area is formed on the first surface.
The at least one piezoelectric element is attached on the
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second surface of the substrate and aligned with the at
least one operating area. In response to an external force
exerted on the at least one operating area of the sub-
strate, the at least one piezoelectric element is subjected
to a deformation. According to an amount of the defor-
mation, a voltage signal is generated to control opera-
tions of the magnetic element.
[0011] The above contents of the present invention will
become more readily apparent to those ordinarily skilled
in the art after reviewing the following detailed description
and accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic side view illustrating a
conventional switch control module;
[0013] FIG. 2A is a schematic perspective view illus-
trating a switch control module according to a first em-
bodiment of the present invention;
[0014] FIG. 2B is a schematic cross-sectional view il-
lustrating the connection between the switch control
module of FIG. 2A and a first circuit board of an electric
device;
[0015] FIG. 2C is a schematic view illustrating a pie-
zoelectric element of the switch control module of FIG.
2B;
[0016] FIG. 3 is a schematic cross-sectional view illus-
trating the connection between a circuit board of an elec-
tric device and a switch control module according to a
second embodiment of the present invention; and
[0017] FIG. 4 is a schematic perspective view illustrat-
ing the outward appearance of an electric device with the
switch control module of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0018] The present invention will now be described
more specifically with reference to the following embod-
iments. It is to be noted that the following descriptions of
preferred embodiments of this invention are presented
herein for purpose of illustration and description only. It
is not intended to be exhaustive or to be limited to the
precise form disclosed.
[0019] FIG. 2A is a schematic perspective view illus-
trating a switch control module according to a first em-
bodiment of the present invention. FIG. 2B is a schematic
cross-sectional view illustrating the connection between
the switch control module of FIG. 2A and a first circuit
board of an electric device. FIG. 2C is a schematic view
illustrating a piezoelectric element of the switch control
module of FIG. 2B. FIG. 4 is a schematic perspective
view illustrating the outward appearance of an electric
device with the switch control module of the present in-
vention. Please refer to FIGS. 2A, 2B, 2C and 4. The
switch control module 2 is applied to an electric device
4. For example, the electric device 4 is an induction cook-
er. As shown in FIGS. 2B and 4, the switch control module

2 is located at an edge of a covering member 41 of the
electric device 4. The switch control module 2 comprises
a substrate 21 and at least one piezoelectric element 22.
Moreover, the electric device 4 further comprises a first
circuit board 42, which is electrically connected with the
at least one piezoelectric element 22.
[0020] Please refer to FIGS. 2A and 2B again. The
substrate 21 is located at the edge of a covering member
41 of the electric device 4. Moreover, the substrate 21
comprises a first surface 211, a second surface 212, and
a concave structure 214. The first surface 211 is an outer
surface of the substrate 21. The second surface 212 is
an inner surface of the substrate 21. Moreover, at least
one operating area 213 is formed on the first surface 211.
In this embodiment, the switch control module 2 compris-
es a plurality of operating areas 213. Moreover, these
operating areas 213 are printed on the first surface 211
of the switch control module 2 for receiving external forc-
es which are exerted thereon. The second surface 212
of the substrate 21 is disposed within the concave struc-
ture 214 and opposed to the first surface 211. An example
of the substrate 21 includes but is not limited to a metal
substrate. The type of the substrate 21 is not restricted
as long as the substrate 21 is subjected to deformation
in response to an external force. For example, the sub-
strate 21 may be a bamboo substrate.
[0021] Please refer to FIG. 2C again. Before an exter-
nal force P is exerted on the piezoelectric element 22,
the piezoelectric element 22 is denoted by solid lines. In
response to the external force P, the piezoelectric ele-
ment 22 is subjected to deformation, which is denoted
by dotted lines. The piezoelectric element 22 is a crys-
talline material capable of generating a voltage between
a positive terminal and a negative terminal in response
to the external force P and converting mechanical vibra-
tion energy into electric energy. The piezoelectric ele-
ment 22 is subjected to deformation, which is denoted
by dotted lines in FIG. 2C, in response to the external
force P. According to the amount of the deformation, a
voltage between a positive terminal and a negative ter-
minal is generated. That is, a voltage signal V is gener-
ated to control operations of the electric device 4. More-
over, the piezoelectric element 22 comprises a plurality
of output terminals 221, for example a positive output
terminal and a negative output terminal.
[0022] Please refer to FIG. 2B again. In this embodi-
ment, the switch control module 2 comprises a plurality
of piezoelectric elements 22. The piezoelectric elements
22 are disposed within respective concave structures 214
of the substrate 21. The top surfaces 222 of the piezoe-
lectric elements 22 are attached on the second surface
212 of the substrate 21. The bottom surfaces 223 of the
piezoelectric element 22 are contacted with the covering
member 41 of the electric device 4. In addition, the pie-
zoelectric elements 22 are aligned with respective oper-
ating areas 213. In response to the external force P ex-
erted on one of the operating areas 213 of the substrate
21 (e.g. by the user’s finger), the corresponding piezoe-
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lectric element 22 is subjected to deformation. According
to the amount of the deformation, a voltage signal V is
generated to control operations of the electric device 4.
In other words, a piezoelectric effect is generated by the
piezoelectric element 22 in response to the external force
P, and thus the voltage signal V is correspondingly gen-
erated. The voltage signal V is transmitted to a detecting
circuit of a controller (not shown) of the first circuit board
42. According to the detecting result, the operations of
the electric device 4 are controlled by the controller. In
an embodiment, the piezoelectric element 22 generates
the voltage signal V in response to an external force be-
tween 2N and 4N. It is noted that the range of the external
force for generating the voltage signal V may be adjusted
according to the practical requirements.
[0023] In this embodiment, the piezoelectric elements
22 are disposed within respective concave structures 214
of the substrate 21. The position of the piezoelectric el-
ement 22 is not restricted as long as a top surface 222
of the piezoelectric element 22 is attached on the inner
surface of the substrate 21 and the piezoelectric element
22 is aligned with the corresponding operating area 213.
For example, in some other embodiments, the entire of
the inner surface of the substrate 21 is a flat surface.
[0024] Please refer to FIGS. 2B and 2C again. In this
embodiment, the output terminals 221 of each piezoe-
lectric element 22 are directly connected with the first
circuit board 42 of the electric device 4. Consequently,
the voltage signal V can be transmitted from the piezo-
electric element 22 to the first circuit board 42.
[0025] It is noted that the connection between the pi-
ezoelectric element 22 and the first circuit board 42 may
be varied. FIG. 3 is a schematic cross-sectional view il-
lustrating the connection between a circuit board of an
electric device and a switch control module according to
a second embodiment of the present invention. In this
embodiment, the switch control module 2 further com-
prises a second circuit board 31. The second circuit board
31 is arranged between the substrate 21 and the covering
member 41. The second circuit board 31 comprises a
plurality of contacts 311, a transmission wire 312, and a
connector 313. The contacts 311 are connected with cor-
responding output terminals 221 of each piezoelectric
element 22. The transmission wire 312 of the second
circuit board 31 is connected with the connector 313. The
connector 313 is disposed on the first circuit board 42.
Consequently, the voltage signal V generated by each
piezoelectric element 22 is transmitted to the first circuit
board 42 through the plural contacts 311, the transmis-
sion wire 312 and the connector 313 of the second circuit
board 31.
[0026] From the above discussions, the switch control
module 2 is capable of controlling operations of the elec-
tric device 4 according to the deformation amount of the
piezoelectric element 22 in response to an external force
exerted on an operating area 213 of the substrate 21.
Moreover, the voltage signal V is generated when the
deformation amount is higher than a threshold value,

thereby controlling the operations of the electric device
4. If the soup splashes or overflows on the surface of the
operating area 213 to result in the environment change,
the piezoelectric element 22 is not suffered from errone-
ous action. Consequently, it is impossible to activate the
unexpected function. Under this circumstance, the safety
of using the electric device 4 is enhanced, and thus the
drawbacks encountered from the conventional switch
control module will be eliminated.
[0027] Please refer to FIGS. 2B and 4 again. In addition
to the covering member 41 and the first circuit board 42,
the electric device 4 further comprises a casing 43, a
magnetic element 44 and the switch control module 2.
The first circuit board 42 is disposed within the casing
43, and connected with the magnetic element 44 and the
switch control module 2. According to the voltage signal
V, the operations of the electric device 4 are controlled
by the controller (not shown) of the first circuit board 42.
The covering member 41 is disposed over the magnetic
element 44, and connected with the casing 43. The cov-
ering member 41 is made of an insulating and heat-bar-
rier hard material, but is not limited thereto. The magnetic
element 44 is aligned with a heating area of the covering
member 41, wherein a foodstuff container (not shown)
is placed on the heating area to be heated.
[0028] The magnetic element 44 is disposed within the
casing 43. Moreover, the magnetic element 44 comprises
a winding coil, an insulating plate and a magnetic core
assembly, which are not shown in the drawings. Under
control of the controller of the first circuit board 42, the
magnetic element 44 generates electromagnetic induc-
tion. Due to the electromagnetic induction, an eddy cur-
rent is produced to heat the foodstuff container (not
shown) on the heating area of the electric device 4.
[0029] The switch control module 2 is connected with
the first circuit board 42, and located at an edge of the
covering member 41. The components, operating prin-
ciples and the objects of the switch control module 2 have
been mentioned in the first embodiments, and are not
redundantly described herein.
[0030] From the above descriptions, the present inven-
tion provides a switch control module with a piezoelectric
element and an electric device with the switch control
module. The switch control module is capable of control-
ling operations of the electric device according to the de-
formation amount of the piezoelectric element in re-
sponse to an external force exerted on an operating area
of the substrate. If the soup splashes or overflows on the
surface of the operating area to result in the environment
change, the piezoelectric element is not suffered from
erroneous action. Consequently, it is impossible to acti-
vate the unexpected function. Under this circumstance,
the safety of using the electric device is enhanced, and
thus the drawbacks encountered from the conventional
switch control module will be eliminated. Therefore, the
switch control module and the electric device of the
present invention possess industrial values.
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Claims

1. A switch control module (2) for an electric device (4),
said switch control module (2) comprising:

a substrate (21) comprising a first surface (211)
and a second surface (212), wherein at least
one operating area (213) is formed on said first
surface (211); and
at least one piezoelectric element (22) attached
on said second surface (212) of said substrate
(21) and aligned with said at least one operating
area (213), wherein in response to an external
force (P) exerted on said at least one operating
area (213) of said substrate (21), said at least
one piezoelectric element (22) is subjected to a
deformation, wherein according to an amount of
said deformation, a voltage signal (V) is gener-
ated to control operations of said electric device
(4).

2. The switch control module according to claim 1,
wherein said at least one piezoelectric element (22)
comprises a plurality of output terminals (221) for
outputting said voltage signal (V).

3. The switch control module according to claim 2,
wherein said electric device (4) comprises a first cir-
cuit board (42).

4. The switch control module according to claim 3,
wherein said output terminals (221) of said at least
one piezoelectric element (22) are directly connect-
ed with said first circuit board (42), so that said volt-
age signal (V) is transmitted from said at least one
piezoelectric element (22) to said first circuit board
(42).

5. The switch control module according to claim 3,
wherein said switch control module (2) further com-
prises a second circuit board (31), wherein said sec-
ond circuit board (31) is connected with said output
terminals (221) of said at least one piezoelectric el-
ement (22) and said first circuit board (42), so that
said voltage signal (V) is transmitted from said at
least one piezoelectric element (22) to said first cir-
cuit board (42).

6. The switch control module according to one of the
preceding claims, wherein said electric device (4) is
an induction cooker.

7. The switch control module according to one of the
preceding claims, wherein said substrate (21) is a
metal substrate.

8. The switch control module according to one of the
preceding claims, wherein said operating area (213)

is printed on said first surface (211) of said substrate
(21).

9. An electric device (4), comprising:

a covering member (41);
a casing (43);
a magnetic element (44) disposed within said
casing (43) ;
a circuit board (42) disposed within said casing
(43) and electrically connected with said mag-
netic element (44); and
a switch control module (2) electrically connect-
ed with said circuit board (42), and located at an
edge of said covering member (41), wherein
said switch control module (2) comprises:

a substrate (21) comprising a first surface
(211) and a second surface (212), wherein
at least one operating area (213) is formed
on said first surface (211); and
at least one piezoelectric element (22) at-
tached on said second surface (212) of said
substrate (21) and aligned with said at least
one operating area (213), wherein in re-
sponse to an external force (P) exerted on
said at least one operating area (213) of said
substrate (21), said at least one piezoelec-
tric element (22) is subjected to a deforma-
tion, wherein according to an amount of said
deformation, a voltage signal (V) is gener-
ated to control operations of said magnetic
element (44).

10. The electric device according to claim 9, wherein
said at least one piezoelectric element (22) is con-
tacted with said covering member (41).
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