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1
DRIVING MECHANISM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 16/257,454, filed Jan. 25, 2019,
which claims priorities of U.S. Provisional Application No.
62/621,967, filed on Jan. 25, 2018, the entirety of which is
incorporated by reference herein.

BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates to a driving mechanism, and more
particularly to a driving mechanism that can move an optical
element.

Description of the Related Art

In existing dual-lens camera systems, two lens driving
modules are usually arranged close to each other, and as a
result, magnetic interference between the magnets of the two
lens driving modules is likely to occur, causing the focus
speed and accuracy of the lenses to be adversely affected.
Therefore, what is needed is a dual-lens camera system that
can prevent the magnetic interference between the two lens
driving modules.

BRIEF SUMMARY OF THE INVENTION

In view of the aforementioned problems, an object of the
invention is to provide a driving mechanism that includes a
polygonal base unit, a holder, a first driving assembly, a
sensing magnet, and a magnetic field sensor. The polygonal
base unit includes a substrate and a circuit board disposed on
the substrate. The holder is movably connected to the base
unit, wherein the holder is configured to hold an optical
element that defines an optical axis. The first driving assem-
bly is configured to drive the holder to move relative to the
base unit. The sensing magnet is disposed on the holder. The
magnetic field sensor is configured to detect the sensing
magnet, wherein the magnetic field sensor is accommodated
in a recess of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading
the subsequent detailed description and examples with ref-
erences made to the accompanying drawings, wherein:

FIG. 1 is an exploded diagram showing a driving mecha-
nism 1 in accordance with an embodiment of the application.

FIG. 2 is a schematic diagram showing the driving
mechanism 1 of FIG. 1 after assembly.

FIG. 3 is a cross-sectional view taken along line A1-Al in
FIG. 2.

FIG. 4 is a cross-sectional view taken along line A2-A12
in FIG. 2.

FIG. 5 is a schematic diagram showing the driving
mechanism 1 of FIG. 2 with the housing 10, the frame 50,
the upper spring S1, the lower spring S2, and the resilient
member W removed therefrom.

FIG. 6 is a schematic diagram showing a cross-sectional
view of a driving mechanism 1 in accordance with another
embodiment of the application.
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FIG. 7 is a schematic diagram showing a driving module
in accordance with another embodiment of the application.

FIG. 8 is a schematic diagram showing some components
of a driving mechanism in accordance with another embodi-
ment of the application.

FIG. 9 is a schematic diagram showing some components
of a driving mechanism in accordance with another embodi-
ment of the application.

FIG. 10 is a schematic diagram showing a driving module
in accordance with another embodiment of the application.

FIG. 11 is a schematic diagram showing a driving module
in accordance with another embodiment of the application.

FIGS. 12 and 13 are exploded diagrams showing a base
unit in accordance with another embodiment of the appli-
cation.

DETAILED DESCRIPTION OF THE
INVENTION

The making and using of the embodiments of a driving
mechanism are discussed in detail below. It should be
appreciated, however, that the embodiments provide many
applicable inventive concepts that can be embodied in a
wide variety of specific contexts. The specific embodiments
discussed are merely illustrative of specific ways to make
and use the embodiments, and do not limit the scope of the
disclosure.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. It should be appreciated that each term,
which is defined in a commonly used dictionary, should be
interpreted as having a meaning conforming to the relative
skills and the background or the context of the present
disclosure, and should not be interpreted in an idealized or
overly formal manner unless defined otherwise.

FIG. 1 is an exploded diagram showing a driving mecha-
nism 1 in accordance with an embodiment of the application.
FIG. 2 is a schematic diagram showing the driving mecha-
nism 1 of FIG. 1 after assembly. FIG. 3 is a cross-sectional
view taken along line A1-Al in FIG. 2. FIG. 4 is a cross-
sectional view taken along line A2-A12 in FIG. 2. FIG. 5 is
a schematic diagram showing the driving mechanism 1 of
FIG. 2 with the housing 10, the frame 50, the upper spring
S1, the lower spring S2, and the resilient member W
removed therefrom.

Referring to FIGS. 1-5, the driving mechanism 1 in this
embodiment may be a voice coil motor (VCM) which can be
disposed in a camera of a cell phone for driving an optical
element to move. The driving mechanism 1 primarily com-
prises a housing 10, a substrate 20, a circuit board 30, a
holder 40, a frame 50, at least an upper spring S1, and at least
a lower spring S2.

The holder 40 connects to the frame 50 via the upper and
lower springs S1 and S2. The optical element such as an
optical lens can be disposed in the holder 40, and two coils
C1 are disposed on opposite sides of the holder 40.

The housing 10 is affixed to the substrate 20, and the
frame 50 has a rectangular hollow structure movably con-
nected to the substrate 20 by four resilient members W (e.g.
thin metal rods). In this embodiment, the substrate 20 and
the circuit board 30 constitute a polygonal base unit of the
driving mechanism 1.

As shown in FIGS. 1-3 and 5, two magnets M1 are
disposed on two opposite sides of the frame 50, parallel to
the X axis and adjacent to the coils C1. When electrical
currents are applied to the coils C1, electromagnetic forces
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can be produced by the magnets M1 and the coils C1 for
driving the holder 40 and the optical element therein to move
relative to the frame 50 along the Z axis, so as to achieve
auto-focusing of the camera.

Referring to FIGS. 1-2 and 4-5, a magnetic element M2
(e.g. magnet) is disposed on a side of the frame 50, parallel
to the Y axis and close to a first side 201 of the base unit. As
shown in FIG. 4, another coil C2 is embedded in the circuit
board 30 and located corresponding to the magnetic element
M2. Here, the magnetic element M2 and the coil C2 con-
stitute a driving assembly (first driving assembly) for driving
the frame 50, the holder 40, and the optical element therein
to move relative along the X axis when an electrical current
is applied to the coil C2, so as to achieve Optical Image
Stabilization (OIS) of the camera.

FIG. 4 further shows a protrusion 41 formed on a side of
the holder 40 and close to a second side 202 of the base unit.
Specifically, a sensing magnet M3 is disposed in a cavity of
the protrusion 41, and two magnetic field sensors HS (e.g.
Hall sensors) are disposed on the bottom side of the circuit
board 30 and accommodated in two cavities of the substrate
20 for detecting the magnetic element M2 close to the first
side 201 and the sensing magnet M3 close to the second side
202, so that the displacement amount of the holder 40
relative to the base unit along the Z axis can be obtained. The
two magnetic field sensors HS are electrically connected to
the circuit board 30, and when viewed in a direction parallel
to an optical axis O of the optical element, the recess of the
substrate 20 and the cavity of the holder 40 at least partially
overlap.

In this embodiment, the polar direction of the sensing
magnet M3 is parallel to the optical axis O, and the center
of the magnetic field sensor HS is offset from the center of
the sensing magnet M3 along a horizontal direction (X
direction). Therefore, the magnetic interference between
sensing magnet M3 and other components inside or outside
the driving mechanism 1 can be efficiently prevented. When
viewed along the 7 axis, the sensing magnet M3 may have
a round, square, or rectangular shape. When the sensing
magnet M3 has a longitudinal structure, a longitudinal axis
of the sensing magnet M3 is parallel to the second side 202
and the Y axis, so as to facilitate both miniaturization and
stability of the driving mechanism 1.

It should be noted that the second side 202 of the base unit
is parallel to the first side 201 of the base unit, and the optical
axis O of the optical element is located between the first and
second sides 201 and 202. Specifically, there is no driving
assembly disposed on the second side 202 of the base unit
such as the coil C2 and the magnet M2 (first driving
assembly) disclose above.

Furthermore, to balance the weight of the driving mecha-
nism 1, a block G1 is disposed on the frame 50. As shown
in FIGS. 1 and 5, the driving mechanism 1 in this embodi-
ment comprises two blocks G1 and a metal sheet G2
connecting to the blocks G1, wherein the blocks G1 may be
affixed to a side of the frame 50 and close to the second side
202 of the base unit. Since the two blocks G1 can be
connected to each other by the metal sheet G2, the protru-
sion 41 of the holder 40 can be positioned between the two
blocks G1 after assembly. That is, when viewed along a
direction parallel to the second side 202 (the Y axis), the
blocks G1 and the sensing magnet M3 at least partially
overlap.

In some embodiments, the blocks G1 and the metal sheet
(G2 are magnetically impermeable. When the holder 40
moves relative to the frame 50 along a horizontal direction
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(the X axis) to a limit position, at least one of the blocks G1
may contact and restrict the holder 40 in the limit position.

FIG. 6 is a schematic diagram showing a cross-sectional
view of a driving mechanism 1 in accordance with another
embodiment of the application. As shown in FIG. 6, the
holder 40 in this embodiment has an extending portion 42
overlapping with the first driving assembly (the magnetic
element M2 or the coil C2) when viewed along the optical
axis O.

To increase the electromagnetic force generated by the
magnetic element M2 or coil C2 along the X axis, the
magnetic element M2 may define a rectangular cross-sec-
tion, wherein the width of the cross-section along the X axis
is greater than the thickness of the cross-section long the Z
axis. Additionally, since the extending portion 42 is formed
on a side of the holder 40 above the magnetic element M2,
the weight of the driving mechanism 1 can be balanced, and
the space inside the driving mechanism 1 can be efficiently
utilized, so as to facilitate both miniaturization and stability
of the driving mechanism 1.

FIG. 7 is a schematic diagram showing a driving module
in accordance with another embodiment of the application.
The driving module in FIG. 7 comprises four driving mecha-
nisms 1 arranged in a 2x2 matrix. The four driving mecha-
nisms 1 are different from the driving mechanism 1 of FIGS.
1-5 in that each of the driving mechanisms 1 has only one
pair of magnet M1 and coil C1 (second driving assembly)
close to a third side 203 of the base unit. Specifically, there
is no driving assembly (such as the magnet M1 and the coil
C1) disposed close to a fourth side 204 of the base unit,
wherein the fourth side 204 is opposite to the third side 203.

As shown in FIG. 7, since the four driving mechanisms 1
are spaced close to each other, the driving assembly includ-
ing large magnetic elements (such as the magnet M1 or the
magnetic element M2) is prevented from being disposed
close to the second and fourth sides 202 and 204 of the base
units of the four driving mechanisms 1, so that the magnetic
interference between adjacent driving mechanisms 1 can be
avoided, and rapid focusing and high positioning accuracy
of the camera can be achieved. Here, the second and fourth
sides 202 and 204 of the base units of the four driving
mechanisms 1 are adjacent to each other.

FIG. 8 is a schematic diagram showing some components
of a driving mechanism in accordance with another embodi-
ment of the application. FIG. 8 is different from the driving
mechanism 1 of FIGS. 1-5 in that the center of the magnetic
field sensor HS, the protrusion 41 of the holder 40, and the
sensing magnet M3 therein are offset from the center of side
202 of the base unit along the Y axis, as the central line L.
indicates in FIG. 8.

As mentioned above, since the protrusion 41 of the holder
40 and the sensing magnet M3 efficiently occupy the space
beside the central line L of the second side 202, the con-
siderable dimension of the driving mechanism along the X
axis owing to the protrusion 41 and the sensing magnet M3
can be reduced, whereby miniaturization and balance of the
driving mechanism can be both achieved.

FIG. 9 is a schematic diagram showing some components
of a driving mechanism in accordance with another embodi-
ment of the application. FIG. 9 is different from FIG. 8 in
that the center of the magnetic field sensor HS is located on
a central line L of the second side 202 of the base unit, and
the protrusion 41 of the holder 40 and the sensing magnet
M3 in the protrusion 41 are offset from the center of the side
202 of the base unit and the magnetic field sensor HS along
the Y axis.
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In this embodiment, though the sensing magnet M3 is
slightly offset from the magnetic field sensor HS along the
Y axis, the magnetic field sensor HS can still detect the
sensing magnet M3 to obtain the displacement amount of
holder 40 relative to the base unit along the Z axis. Since the
protrusion 41 of the holder 40 and the sensing magnet M3
efficiently occupy the space beside the central line L of the
second side 202, miniaturization and weight balance of the
driving mechanism can still be achieved.

FIG. 10 is a schematic diagram showing a driving module
in accordance with another embodiment of the application.
The driving module in FIG. 10 comprises two driving
mechanisms 1 as disclosed on FIG. 8 or FIG. 9, The two
driving mechanisms 1 are arranged in a direction, wherein
the protrusions 41 of the holders 40 and the sensing magnets
M3 in the protrusions 41 are offset from the centers of the
sides 202 of the two base units, whereby miniaturization and
weight balance of the mechanism can be both achieved.
Furthermore, since no driving assembly including large
magnet and coil is disposed close to the second sides 202 of
the base units, the magnetic interference between the two
driving mechanisms 1 can be efficiently prevented, whereby
rapid focus and high positioning accuracy of the camera can
be achieved. Here, the second sides 202 of the base units of
the two driving mechanisms 1 are adjacent to each other.

FIG. 11 is a schematic diagram showing a driving module
in accordance with another embodiment of the application.
The driving module in FIG. 11 is different from FIG. 10 in
that the second sides 202 of the base units of the two driving
mechanisms 1 face in the same direction.

Similar to the embodiment of FIG. 10, no driving assem-
bly including large magnet and coil is disposed close to the
second sides 202 of the two base units. Though the second
side 202 of the base unit in a driving mechanism 1 is close
to the magnetic element M2 in the other driving mechanism
1, serious magnetic interference between the two driving
mechanisms 1 can still be avoided. Thus, the flexibility of
mechanism design can be greatly increased.

FIGS. 12 and 13 are exploded diagrams showing a base
unit in accordance with another embodiment of the appli-
cation. The base unit of FIGS. 12 and 13 comprises a
substrate 20 and a circuit board 30, and it can substitute for
the substrate 20 and the circuit board 30 (base unit) in FIG.
1.

As shown in FIG. 12, several magnetic field sensors HS
are disposed on the bottom side of the circuit board 30 to
detect the magnet M1, the magnetic element M2, and the
sensing magnet M3. Specifically, a plurality of first and
second pads 21 and 22 are exposed to an inner surface of an
opening of the substrate 20, and they can be electrically
connected to an external circuit via the conductive pins P.

It should be noted that the first pads 21 are adjacent to
each other, and the second pads 22 are adjacent to each other,
wherein the first and second pads 21 and 22 are located on
opposite sides of the opening for electrically connecting to
the first and second conductive portions 31 and 32 which are
exposed to the bottom of the circuit board 30. The first and
second conductive portions 31 can electrically connect to the
magnetic field sensors HS via the electrical circuits inside
the circuit board.

As shown in FIG. 13, the substrate 20 forms at least a
recess R for receiving the magnetic field sensor HS, so that
the dimension of the driving mechanism 1 along the Z axis
can be reduced to facilitate miniaturization of the mecha-
nism.

Although embodiments of the present disclosure and their
advantages have been described in detail, it should be
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understood that various changes, substitutions and altera-
tions can be made herein without departing from the spirit
and scope of the disclosure as defined by the appended
claims. For example, it will be readily understood by those
skilled in the art that many of the features, functions,
processes, and materials described herein may be varied
while remaining within the scope of the present disclosure.
Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from
the disclosure of the present disclosure, processes,
machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be devel-
oped, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps. In addition, each claim constitutes a
separate embodiment, and the combination of various claims
and embodiments are within the scope of the disclosure.

What is claimed is:

1. A driving mechanism, comprising:

a polygonal base unit, including a substrate and a circuit
board disposed on the substrate;

a holder, movably connected to the base unit, wherein the
holder is configured to hold an optical element that
defines an optical axis;

a first driving assembly, configured to drive the holder to
move relative to the base unit;

a sensing magnet, disposed on the holder; and

a magnetic field sensor, configured to detect the sensing
magnet, wherein the magnetic field sensor is accom-
modated in a recess of the substrate,

wherein when viewed in a direction parallel to the optical
axis of the optical element, the recess of the substrate
and the holder at least partially overlap.

2. The driving mechanism as claimed in claim 1, wherein

the circuit board is electrically connected to the substrate.

3. The driving mechanism as claimed in claim 1, wherein
the magnetic field sensor is electrically connected to the
circuit board.

4. The driving mechanism as claimed in claim 1, wherein
the magnetic field sensor is configured to detect the move-
ment of the holder relative to the base unit in a direction
parallel to the optical axis.

5. The driving mechanism as claimed in claim 1, wherein
the substrate has an upper surface and a lower surface
perpendicular to the optical axis, and the circuit board is
disposed on the upper surface of the substrate.

6. The driving mechanism as claimed in claim 1, wherein
when viewed in a direction parallel to the optical axis of the
optical element, the holder and the circuit board at least
partially overlap.

7. The driving mechanism as claimed in claim 1, wherein
when viewed along the optical axis of the optical element,
the sensing magnet has a round, square, or rectangular
shape.

8. The driving mechanism as claimed in claim 1, further
comprising a frame connected to the base unit, and the
holder is received in the frame.

9. The driving mechanism as claimed in claim 8, wherein
when viewed along the optical axis of the optical element,
the frame and the circuit board at least partially overlap.



US 11,774,704 B2

7

10. The driving mechanism as claimed in claim 1, wherein
the substrate has a conductive pin electrically connected to
the magnetic field sensor.

11. The driving mechanism as claimed in claim 10,
wherein the conductive pin and the magnetic field sensor are
situated on opposite sides of the substrate.

12. The driving mechanism as claimed in claim 1, further
comprising a frame movably connected to the base unit, and
the holder is received in the frame, wherein the first driving
assembly includes a magnetic element disposed on the frame
and a coil disposed on the circuit board.

13. The driving mechanism as claimed in claim 1, wherein
the center of the magnetic field sensor is offset from the
center of the sensing magnet along a direction perpendicular
to the optical axis.

14. A driving mechanism, comprising:

a polygonal base unit, including a substrate and a circuit

board disposed on the substrate;

a holder, movably connected to the base unit, wherein the
holder is configured to hold an optical element that
defines an optical axis, and the holder forms a cavity for
receiving the sensing magnet;

a first driving assembly, configured to drive the holder to
move relative to the base unit;

a sensing magnet, disposed on the holder; and

a magnetic field sensor, configured to detect the sensing
magnet, wherein the magnetic field sensor is accom-
modated in a recess of the substrate,

wherein when viewed in a direction parallel to the optical
axis, the recess of the substrate and the cavity of the
holder at least partially overlap.

15. A driving mechanism, comprising:

a polygonal base unit, including a substrate and a circuit
board disposed on the substrate;

a holder, movably connected to the base unit, wherein the
holder is configured to hold an optical element that
defines an optical axis;

a first driving assembly, configured to drive the holder to
move relative to the base unit;

a sensing magnet, disposed on the holder; and

a magnetic field sensor, configured to detect the sensing
magnet, wherein the magnetic field sensor is accom-
modated in a recess of the substrate,
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wherein the substrate has an opening and a first pad
exposed to an inner surface of the opening and elec-
trically connected to the circuit board.

16. A driving mechanism, comprising:

a polygonal base unit, including a substrate and a circuit
board disposed on the substrate;

a holder, movably connected to the base unit, wherein the
holder is configured to hold an optical element that
defines an optical axis;

a first driving assembly, configured to drive the holder to
move relative to the base unit

a sensing magnet, disposed on the holder; and

a magnetic field sensor, configured to detect the sensing
magnet, wherein the magnetic field sensor is accom-
modated in a recess of the substrate,

wherein the substrate further has an opening, a group of
first pads adjacent to each other, and a group of second
pads adjacent to each other, wherein the first and
second pads are exposed to an inner surface of the
opening and electrically connected to the circuit board.

17. The driving mechanism as claimed in claim 16,

wherein the first and second pads are located on opposite
sides of the opening.

18. A driving mechanism, comprising:

a polygonal base unit, including a substrate and a circuit
board disposed on the substrate;

a holder, movably connected to the base unit, wherein the
holder is configured to hold an optical element that
defines an optical axis;

a first driving assembly, configured to drive the holder to
move relative to the base unit

a sensing magnet, disposed on the holder; and

a magnetic field sensor, configured to detect the sensing
magnet, wherein the magnetic field sensor is accom-
modated in a recess of the substrate,

wherein the first driving assembly is located close to a first
side of the base unit, and the sensing magnet is located
close to a second side of the base unit, opposite to the
first side.



