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(57) ABSTRACT

A lens driving apparatus includes a spring suspension sys-
tem and an electromagnetic force generator. The spring
suspension system may include a pair of leaf springs, a
stationary rigid body sandwiched between the pair of
springs, and a lens holder suspended by the pair of springs
within a central bore of the rigid body. The electromagnetic
force generator may include a coil holder holding a coil and
a magnet holder holding at least one magnet. The spring
suspension system and the electromagnetic force generator
are connected to and spatially separated from each other by
a spacer. A method for manufacturing a lens driving appa-
ratus is also disclosed.
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LENS DRIVING APPARATUS AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a Divisional application
of U.S. patent application Ser. No. 14/254,934, filed on Apr.
17, 2014, which claims the benefit of U.S. Provisional Patent
Application No. 61/876,237 filed Sep. 11, 2013, the entire
content of which is hereby incorporated by reference.

FIELD OF THE TECHNOLOGY

[0002] The present application relates generally to a lens
driving apparatus, and particularly to a lens driving appa-
ratus having a spring suspension system and an electromag-
netic force generator spatially separated from each other.
The present application also relates to a method for manu-
facturing a lens driving apparatus

BACKGROUND

[0003] U.S. Pat. Nos. 7,649,703 and 7,400,463, and U.S.
patent application US2011/0090580, disclosed a lens driv-
ing apparatus which has a pair of leaf springs. The first leaf
spring is attached to the first end of the lens holder (or
someone called it lens carrier, tubular lens holder, etc), while
the second leaf spring is attached to the other end of the lens
holder. Magnets and coil are installed spatially between
these two leaf springs and surrounding the lens holder. Such
structure has become the mainstream technology in the
market today. However, such structure is very troublesome
for assembly, and the performance of spring suspension
system and electromagnetic force generator can only be
measured after the complete lens driving apparatus is
assembled. Therefore, if low performance of either the
spring suspension system or the electromagnetic force gen-
erator will cause entire failure of the lens driving apparatus,
and thus lead to a substantial loss of raw materials.

[0004] Furthermore, such structure is normally assembled
individually and this leads to a higher portion of the labor
cost in the cost structure of such a lens driving apparatus.

[0005] Recently, U.S. patent application US2011/0299181
disclosed a novel concept of a lens driving apparatus, which
is composed of components which are made in planar form,
such as coil, magnets, spring, etc. The whole lens driving
apparatus can be assembled by laminating all planar type
components one on top of the others. Furthermore, it further
disclosed that such planar form components can be panel-
ized so that the laminating assembly process becomes batch
processing, and many lens driving apparatuses can be
assembled all together at one time on the same panel. This
laminating process will help to reduce labor cost signifi-
cantly.

[0006] However, the disclosed laminating structure is
directly applied to lens assembly unit, not lens holder.
Therefore, every different lens assembly unit (for example,
lens assembly units from different lens companies) has to
have its corresponding tailor design of laminating lens
driving apparatus. This will increase the difficulty of adop-
tion of such lens driving apparatus in the market. Further-
more, the US patent application US2011/0299181 did not
disclose the panelized component structure design and com-
ponents panels.
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[0007] The above description of the background is pro-
vided to aid in understanding the lens driving apparatus, but
is not admitted to describe or constitute pertinent prior art to
the lens driving apparatus, or consider the cited documents
as material to the patentability of the claims of the present
application.

SUMMARY

[0008] According to one aspect, there is provided a lens
driving apparatus including a spring suspension system and
an electromagnetic force generator. The spring suspension
system may include a pair of leaf springs, a stationary rigid
body sandwiched between the pair of leaf springs, and a lens
holder suspended by the pair of leaf springs within a central
bore of the rigid body. The electromagnetic force generator
may include a coil holder holding a coil and a magnet holder
holding at least one magnet. The spring suspension system
and the electromagnetic force generator are connected with
and spatially separated from each other by a spacer.
[0009] According to some embodiments, the spacer may
include a plurality of upright columns formed on the elec-
tromagnetic force generator. The spacer may include four
upright columns integrally formed at four corners of the
magnet holder respectively. The spacer may include four
upright columns mounted at four corners of the magnet
holder respectively, each column being comprised of a stack
of spacing members. The spacer may include two upright
columns formed on the coil holder.

[0010] In one embodiment, the spacer can be in the form
of a yoke provided on the electromagnetic force generator.
The yoke can be a rectangular yoke having four vertical
walls provided on four peripheral sides of the magnet holder.
The spacer may include a magnetic material.

[0011] Inone embodiment, the stationary rigid body of the
spring suspension system can be in direct contact with the
magnet holder of the electromagnetic force generator. In
another embodiment, the stationary rigid body of the spring
suspension system can be indirectly connected with the
magnet holder of the electromagnetic force generator
through one of the leaf springs.

[0012] In one embodiment, the lens holder of the spring
suspension system can be in direct contact with the coil
holder of the electromagnetic force generator. In another
embodiment, the lens holder of the spring suspension system
can be indirectly connected with the coil holder of the
electromagnetic force generator through one of the leaf
springs.

[0013] In one embodiment, at least one of the leaf springs
may include a plurality of spring members disposed in a
plane perpendicular to an optical axis. The spring members
may have respective inner portions disposed circumferen-
tially around the lens holder and respective outer portions
extending outwardly therefrom.

[0014] According to another aspect, there is provided an
electronic image-capturing device having a lens driving
apparatus which includes a spring suspension system and an
electromagnetic force generator. The spring suspension sys-
tem may include a pair of leaf springs, a stationary rigid
body sandwiched between the pair of leaf springs, and a lens
holder suspended by the pair of leaf springs within a central
bore of the rigid body. The electromagnetic force generator
may include a coil holder holding a coil and a magnet holder
holding at least one magnet. The spring suspension system
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and the electromagnetic force generator are connected with
and spatially separated from each other by a spacer.
[0015] According to yet another aspect, one can form a
lens driving apparatus by stacking all the component panels
together without forming a spring suspension system and an
electromagnetic force generator panel. Such method may
include (a) separately forming a panel for each component
by connecting a plurality of each of the components together
by a plurality of bridges; (b) stacking the separately formed
panels for each component one on top of the other to thereby
form a panel of lens driving apparatus; and (c) cutting away
the bridges of the panels of each component to form a
plurality of separated individual lens driving apparatus.
Thus, a number of individual lens driving apparatus are
obtained at the same time. The components and the bridges
may be made of different materials.

[0016] According to one embodiment, the step of sepa-
rately forming the lens driving apparatus may include (i)
separately forming a panel of spring suspension systems
connected to one another by a plurality of first bridges, each
spring suspension system may include a pair of leaf springs,
a stationary rigid body sandwiched between the pair of leaf
springs, and a lens holder suspended by the pair of leaf
springs within a central bore of the rigid body; (ii) separately
forming a panel of electromagnetic force generators con-
nected to one another by a plurality of second bridges, each
electromagnetic force generator may include a coil holder
holding a coil and a magnet holder holding at least one
magnet; (iii) stacking the panel of spring suspension systems
and the panel of electromagnetic force generators together
by a single-directional vertical assembly process; and (iv)
cutting the plurality of first and second bridges to produce a
plurality of lens driving apparatuses, wherein the spring
suspension system and the electromagnetic force generator
are connected to and spatially separated from each other by
a spacer.

[0017] In one embodiment, the step of separately forming
the panel of spring suspension systems may include (i)
forming a panel of first leaf springs connected to one another
by a plurality of third bridges; (ii) forming a panel of rigid
bodies connected to one another by a plurality of fourth
bridges; (iii) forming a panel of lens holders connected to
one another by a plurality of fifth bridges; (iv) forming a
panel of second leaf springs connected to one another by a
plurality of sixth bridges; and (v) stacking the panels of first
leaf springs, rigid bodies, lens holders and second leaf
springs one on top of the other by a single-directional
vertical assembly process to thereby form the panel of spring
suspension systems.

[0018] In one embodiment, the step of separately forming
the panel of electromagnetic force generators may include
(1) forming a panel of coil holders connected to one another
by a plurality of seventh bridges with a coil on each coil
holder; (ii) forming a panel of magnet holders connected to
one another by a plurality of eighth bridges with at least one
magnet on each magnet holder; and (iii) stacking the panel
of coil holders and the panel of magnet holders together by
a single-directional vertical assembly process to thereby
form the panel of electromagnetic force generators.

[0019] In one embodiment, the bridges of component
panels may be made of a material different from the mate-
rials of the components.

[0020] Although the lens driving apparatus is shown and
described with respect to certain embodiments, it is obvious
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that equivalents and modifications will occur to others
skilled in the art upon the reading and understanding of the
specification. The lens driving apparatus in the present
application includes all such equivalents and modifications,
and is limited only by the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Specific embodiments of the lens driving apparatus
will now be described by way of example with reference to
the accompanying drawings wherein:

[0022] FIGS. 1a and 1b are perspective and exploded
views respectively of a lens driving apparatus according to
an embodiment of the application;

[0023] FIG. 2 shows different views of a spring suspension
system of the lens driving apparatus according to an embodi-
ment of the application;

[0024] FIG. 2a shows some embodiments of a spring leaf
of the spring suspension system;

[0025] FIG. 3a shows different views of an electromag-
netic force generator of the lens driving apparatus according
to an embodiment of the application;

[0026] FIG. 35 shows some embodiments of a magnet
holder of the electromagnetic force generator;

[0027] FIGS. 4a-4d show the magnetization direction of
different embodiments of magnet and magnet holder of the
electromagnetic force generator;

[0028] FIGS. 5a and 56 show direct and indirect connec-
tion of a stationary rigid body to a magnet holder respec-
tively;

[0029] FIGS. 6a and 65 show direct and indirect connec-
tion of a lens holder to a coil holder respectively;

[0030] FIG. 7 shows some embodiments of a spacer
between the spring suspension system and the electromag-
netic force generator;

[0031] FIGS. 8a and 85 are cross sectional and exploded
views respectively of a lens driving apparatus according to
another embodiment of the application;

[0032] FIGS. 9a and 96 are perspective and exploded
views respectively of a panel of spring suspension systems
according to an embodiment of the application; and
[0033] FIGS. 10a and 105 are perspective and exploded
views respectively of a panel of electromagnetic force
generators according to an embodiment of the application.

DETAILED DESCRIPTION

[0034] In the following detailed description, numerous
specific details are set forth to provide a thorough under-
standing of claimed subject matter. However, it will be
understood by those skilled in the art that claimed subject
matter may be practiced without these specific. In other
instances, methods, apparatuses, or systems that would be
known by one of ordinary skill have not been described in
detail so as not to obscure claimed subject matter.

[0035] Reference throughout this specification to “one
embodiment” or an embodiment” may mean that a particular
feature, structure, or characteristic described in connection
with a particularly embodiment may be included in at least
one embodiment of claimed subject matter. Thus, appear-
ances of the phrase “in one embodiment” or “an embodi-
ment” in various places throughout this specification are not
necessarily intended to refer to the same embodiment or to
any one particular embodiment described. Furthermore, it is
to be understood that particular features, structures, or
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characteristics described may be combined in various ways
in one or more embodiments. In general, of course, these and
other issues may vary with the particular context of usage.
Therefore, the particular context of the description or the
usage of these terms may provide helpful guidance regard-
ing inferences to be drawn for that context.

[0036] Likewise, the terms, “and”, “and/or,” and “or” as
used herein may include a variety of meanings that also is
expected to depend at least in part upon the context in which
such terms are used. Typically, “or” as well as “and/or” if
used to associate a list, such as A, B or C, is intended to mean
A, B, and C, here used in the inclusive sense, as well as A,
B or C, here used in the exclusive sense. In addition, the term
“one or more” as used herein may be used to describe any
feature, structure, or characteristic in the singular or may be
used to describe some combination of features, structures, or
characteristics. Though, it should be noted that this is merely
an illustrative example and claimed subject matter is not

limited to this example.
[0037] As used to describe such embodiments, terms
“above”, “below”, “upper”, “lower”, and “side” describes
positions relative to an optical axis of such a compact
imaging module. In particular, “above” and “below” refer to
positions along an optical axis, wherein “above” refers to
one side of an element and “below” refers to an opposite side
of the element. Relative to such an “above” and “below”,
“side” refers to a side of an element that is displaced from
an optical axis, such as the periphery of a lens, for example.
Further, it is under stood that such terms do not necessarily
refer to a direction defined by gravity or any other particular
orientation. Instead, such terms are merely used to identify
one portion versus another portion. Accordingly, “upper”
and “lower” may be equivalently interchanged with “top”
and “bottom”, “first” and “second”, “right” and “left”, and
SO on.

[0038] It should be noted that throughout the specification
and claims herein, when one element is said to be “coupled”
or “connected” to another, this does not necessarily mean
that one element is fastened, secured, or otherwise attached
to another element. Instead, the term “coupled” or “con-
nected” means that one element is either connected directly
or indirectly to another element or is in mechanical or
electrical communication with another element.

[0039] It should be understood that the present application
is not limited to the preferred embodiments described herein
below and, needless to say, a variety of modifications or
variations may be made without departing from the scope of
the protection defined herein.

[0040] FIGS. 1a and 16 show different views of a lens
driving apparatus according to an embodiment. The lens
driving apparatus 10 may include a spring suspension sys-
tem (SSS) 12 and an electromagnetic force generator (EFG)
14. In some embodiments, an outer casing and a plurality of
electrodes may be provided. The spring suspension system
12 can be mounted on top of the electromagnetic force
generator 14 and vice versa.

[0041] According to an embodiment, FIG. 2 shows an
exploded perspective view of the spring suspension system
12. The spring suspension system 12 may include a pair of
leaf springs 20, 22, a stationary or fixed rigid body 24
sandwiched between the pair of leaf springs 20, 22, and a
lens holder 26 suspended by the pair of leaf springs 20, 22
within a central bore of the rigid body 24.
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[0042] In some other embodiments, the spring suspension
system 12 may further include a top cover 28 to protect the
leaf spring 20 during the course of lens movement. The fixed
rigid body 24 can be a mechanical part which can be fixed
spatially and provide mechanical support to the leaf springs
20, 22. The fixed rigid body 24 may include a central bore
or a cylindrical hollow portion at the center with a central
axis aligns with an optical axis X or the lens moving
direction. The lens holder 26 may have a substantially
tubular shape with a small thickness, which can be substan-
tially equal to the thickness of the fixed rigid body 24. In
some embodiments, the lens holder 26 may also have a
rectangular shape or other shapes which fit the central bore
or hollow portion of the rigid body. The hollow portion of
the lens holder 26 can be used to hold a lens assembly unit
thereon. Each leaf spring 20, 22 may include an outer
portion 30, an inner portion 32, and a connection arm 34
extending between the outer portion 30 and inner portion 32.
The outer portions 30 of the leaf springs 20, 22 can be
connected to the fixed rigid body 24 and can be firmly fixed
on rigid body 24 during the course of lens movement. The
inner portions 32 of the springs 20, 22 may be substantially
in circular form which is matching with two end facets of the
tubular lens holder 26. In some embodiments, the inner
portions 32 of the spring 20, 22 may be in a shape which fit
with the two end facets of the lens holder 26. The connection
arms 34 can deform when the lens holder 26 moves along
the optical axis X, and thus generate an elastic force against
the lens holder 26 movement. This elastic force can also act
as a restoring force and drive the lens holder 26 (and thus the
lens assembly unit) to return to a rest position.

[0043] In a preferable embodiment of the present appli-
cation, both top and bottom leaf springs 20, 22 may have
identical key mechanical structure responsible for generat-
ing elastic force. In another embodiment, such key mechani-
cal structure responsible for generating elastic force could be
different for the top and bottom leaf spring 20, 22 respec-
tively.

[0044] In some other embodiments (FIG. 2a), the leaf
spring 20, 22 may include one or more sections, wherein
each section can also be a leaf spring. Each leaf spring 20,
22 may also include one or more outer portions 30, 30', 30"
which can be connected to the fixed rigid body 24 and can
be firmly fixed on rigid body 24 during the course of lens
movement. Each leaf spring 20, 22 may include one or more
inner portions 32, 32', 32" which can be firmly fixed on the
two ends of the lens holder 26. The inner portions 32, 32',
32" of the springs 20, 22 may be substantially in circular
form which matches with the two end facets of the tubular
lens holder 26. The connection arms 34, 34', 34" of the
spring 20, 22 can have different structures and can be the
main deformation areas which produce the elastic force.

[0045] FIG. 3a shows an exploded perspective view of an
electromagnetic force generator 14 according to an embodi-
ment. The electromagnetic force generator 14 may include a
coil 40, a coil holder 42, at least one magnet 44, and a
magnet holder 46. The center of the magnet holder 46 may
have a tubular hole 47 which may have its central axis aligns
with the optical axis X. A tubular part 43 of the coil holder
42 may extend into this hole 47 and move along the central
axis in some embodiments. Lens assembly unit may also
extend into this hole 47 and move along the central/optical
axis in another embodiment.
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[0046] As depicted in FIGS. 4a-4d, the magnets 44 may be
allocated on the peripheral areas of the magnet holder 46
around the hole 47. The magnetization directions of the
magnets 44 can be substantially arranged in the same plane
which can be perpendicular to the optical axis X and the
central axis of the tubular hole of the magnet holder 46. The
magnetization direction of the magnets 44 can also be
arranged in the way of pointing inwards or outwards all
together as shown in FIGS. 46 and 4c¢. FIG. 44 shows
another embodiment of the magnets 44' and respective
magnet holder 46. For such magnet structure, a ring-shaped
coil should be used and the coil holder 42 should have
respective change to hold the ring-shaped coil.

[0047] In another embodiment (FIG. 3b4), the magnet
holder 46 and a base 48 can be integrated into a single unit
with all the necessary features. In other embodiments, the
magnet holder 46 may also contain at least a yoke 50 which
can be used to confine the magnetic field or flux and improve
the electromagnetic force. The yoke 50 may be made of a
magnetic conductive material. In another embodiment, a
casing can become the yoke 50 of the magnet holder 46.

[0048] The SSS 12 and the EFG 14 can be connected to
each other via two portions. The first portion may be the
connection of the fixed rigid body 24 of SSS 12 to the
magnet holder 46 of EFG 14. The second portion may be the
connection of the lens holder 26 of SSS 12 to the coil holder
42 of EFG 14 or the moving part of the EFG 14. All
connections can be either direct connection, or indirect
connection which connects two parts via a third component.

[0049] FIGS. 5a and 56 show perspective views of direct
and indirect connections of a fixed portion of the fixed rigid
body 24 of SSS 12 to the magnet holder 46 of EFG 14
respectively. In FIG. 554, there are four pieces of spacers 60
which may be used for connecting the rigid body 24 to the
magnet holder 46. In some embodiments, only one piece of
spacer can be used. In other embodiments, some spacers 60
may have a complex structure and connect to the magnet
holder 46 from the peripheral area thereof. In some other
embodiments, the spacers 60 can be made of a magnetic
material. The magnetic material refers to those materials
which can re-direct and confine the spatial distribution of
magnetic flux.

[0050] As used herein, the term “spacer” means a piece of
material or a structure that is used to create and maintain a
space between two things. FIGS. 6a and 65 show perspec-
tive views of direct and indirect connections of the lens
holder 26 and coil holder 42. As shown in FIG. 64, the lens
holder 26 may be directly connected to the coil holder 42.
The leaf spring 22 may be disposed on a bottom surface of
the lens holder 26 extending outwardly from the coil holder
42. As shown in FIG. 65, the lens holder 26 may be
indirectly connected with the coil holder 42 through the leaf
springs 22. In this illustrated embodiment, the leaf spring 22
can be fixed between a bottom surface of the lens holder 26
and a top surface of the coil holder 42.

[0051] FIG. 7 shows some of the embodiments of the
spacers 60 provided on the magnet holder 46. The spacer 60
may include a plurality of upright columns formed on the
electromagnetic force generator. Each column may include
of a stack of spacing members. The spacers 60" may be
integrally formed on the magnet holder 46. In other embodi-
ments, the spacers 60', 60" may be in the form of a
rectangular yoke provided on magnet holder 47.
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[0052] Although it has been shown and described that the
spacers 60, 60', 60", 60" are provided on the magnet holder
46, it is understood that the spacers can be provided on the
coil holder, or on the SSS 12, such as the rigid body 24.
[0053] FIGS. 8a and 85 show different views of another
embodiment of the lens driving apparatus 110. The lens
driving apparatus 110 may include a casing 112, a top cover
114, a pair of leaf springs 116, 118, a lens holder 120, a
stationary rigid body 122, a magnet holder 124, a plurality
of magnets 126, a coil holder 128, a coil 130, a bottom cover
132 and two electrodes 134. In this embodiment, the magnet
holder 124 can be allocated between the SSS 212 and coil
holder 128 of the EFG 214. In this embodiment, there is
another implementation of coil holder 128, which has no
tubular part. Instead, two upright columns 136 may be
projecting out of the coil holder 42. The two upright columns
136 can pass through the magnet holder 124 and can directly
or indirectly connect to the lens holder 120 of SSS 212. In
this embodiment, the casing 112 can be used to provide
general protection to the lens driving apparatus 110. In some
other embodiments, the casing 112 can also be used as a
yoke to confine the magnetic flux and enhance the EFG
efficiency.

[0054] The lens driving apparatus 10, 110 disclosed in the
present application can be incorporated into any image-
capturing electronic devices such as cameras, video record-
ers, and mobile phones, etc.

[0055] Advantages of the lens driving apparatus of the
present application is to separate the SSS 212 and EFG 214
spatially to improve the manufacturing yield rate and reduce
the waste of material and thus reduce material cost because
independent quality testing or monitoring can be performed
on SSS and EFG respectively. Matching of a good quality
SSS with a good quality EFG can be done on the manufac-
turing process. Another advantage is its planar component
structure, which simplify the assembly process from com-
plex 3D assembly process into a single directional vertical
assembly process. Thus, it is possible to combine many same
components into one panel and laminate all the different
components panels together to form the lens driving appa-
ratus 10 in a batch processing manner. As used herein, the
term “component panel” or “a panel of components” means
a plurality/array of components lying on a plane in the form
of a flat and thin panel-like structure.

[0056] FIGS. 94, 95, 10a and 105 show perspective views
of the spring suspension system panel 310 and EFG panel
410 according to an embodiment. The SSS panel 310 may
further include two leaf springs panels 312, 314, one fixed
rigid body panel 316, and one lens holder panel 318. As
shown in FIGS. 94 and 95, all panels can include a plurality
of repeating component units, such as spring 20, 22, fixed
rigid body 24, or lens holder 26, and bridge portions 320
connecting at least two repeating component units together.
The bridges 320 can be made by the same material as the
repeating components which can be connected by the
bridges 320. The bridges 320 can also be made by material
different from that of the repeating components which are
connected by the bridges 320. SSS unit can be assembled by
laminating or stacking the respective panels 312, 314, 316,
318 altogether. For EFG panel 410, the coil holder and
magnet holder can also have their respective panel forms
412, 414. All the description to the SSS panel can also apply
to the EFG panel and its component panels. During the lens
assemble process, the component panels will be laminated



US 2016/0356980 Al

one by one. After all the panels are all laminated together, a
single lens driving apparatus 10 can be obtained by cutting
the assembled panels unit along the bridge or joint spot.
[0057] To manufacture the lens driving apparatus, one
may first separately forms the panel of spring suspension
systems 310 connected to one another by the bridges 320.
Each spring suspension system 310 may include a pair of
leaf springs, a stationary rigid body sandwiched between the
pair of leaf springs, and a lens holder suspended by the pair
of leaf springs within a central bore of the rigid body.
[0058] Then, one may separately forms the panel of elec-
tromagnetic force generators 410 connected to one another
by the bridges 420. Each electromagnetic force generator
410 may include a coil holder holding a coil and a magnet
holder holding at least one magnet.

[0059] Thereafter, one can stack the panel of spring sus-
pension systems 310 and the panel of electromagnetic force
generators 410 together by a single-directional vertical
assembly process.

[0060] Finally, one can cut the bridges 320, 420 to produce
a plurality of lens driving apparatuses, wherein the spring
suspension system and the electromagnetic force generator
are connected to and spatially separated from each other by
a spacer.

[0061] The step of separately forming the panel of spring
suspension systems 310 may include the steps of (a) forming
the panel of first leaf springs 312 connected to one another
by bridges; (b) forming the panel of rigid bodies 316
connected to one another by bridges; (c) forming the panel
of'lens holders 314 connected to one another by bridges; (d)
forming the panel of second leaf springs connected to one
another by bridges; and (e) stacking the panels of first leaf
springs, rigid bodies, lens holders and second leaf springs
one on top of the other by a single-directional vertical
assembly process to thereby form the panel of spring sus-
pension systems 310.

[0062] The step of separately forming the panel of elec-
tromagnetic force generators 410 may include (a) forming
the panel of coil holders 410 connected to one another by
bridges with a coil on each coil holder; (b) forming the panel
of magnet holders 414 connected to one another by bridges
with at least one magnet on each magnet holder; and (c)
stacking the panel of coil holders 412 and the panel of
magnet holders 414 together by a single-directional vertical
assembly process to thereby form the panel of electromag-
netic force generators 410.

[0063] According to yet another aspect of this method, one
can form a lens driving apparatus by stacking all the
component panels together without forming a spring sus-
pension system and an electromagnetic force generator
panel. Such method may include (a) separately forming a
panel for each component by connecting a plurality of each
of the components together by a plurality of bridges; (b)
stacking the separately formed panels for each component
one on top of the other to thereby form a panel of lens
driving apparatus; and (c) cutting away the bridges of the
panels of each component to form a plurality of separated
individual lens driving apparatus. Thus, a number of indi-
vidual lens driving apparatus are obtained at the same time.
The components and the bridges may be made of different
materials.

[0064] While there has been illustrated and described what
are presently considered to be example embodiments, it will
be understood by those skilled in the art that various other
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modifications may be made, and equivalents may be sub-
stituted, without departing from the central concept
described herein. Additionally, many modifications may be
made to adapt a particular situation to the teachings of
claimed subject matter without departing from the central
concept described herein. Therefore, it is intended that
claimed subject matter not be limited to the particular
embodiments disclosed, but that such claimed subject matter
may also include all embodiments falling within the scope of
the appended claims, and equivalents thereof.

What is claimed is:

1. A method for manufacturing a lens driving apparatus
comprising:

(a) separately forming a panel of spring suspension sys-
tems connected to one another by a plurality of first
bridges, each spring suspension system comprising a
pair of leaf springs, a stationary rigid body sandwiched
between the pair of leaf springs, and a lens holder
suspended by the pair of leaf springs within a central
bore of the rigid body;

(b) separately forming a panel of electromagnetic force
generators connected to one another by a plurality of
second bridges, each electromagnetic force generator
comprising a coil holder holding a coil and a magnet
holder holding at least one magnet;

(c) stacking the panel of spring suspension systems and
the panel of electromagnetic force generators together
by a single-directional vertical assembly process; and

(d) cutting the plurality of first and second bridges to
produce a plurality of lens driving apparatuses, wherein
the spring suspension system and the electromagnetic
force generator are connected to and spatially separated
from each other by a spacer.

2. The method as claimed in claim 1, wherein the step of
separately forming the panel of spring suspension systems
comprising:

(a) forming a panel of first leaf springs connected to one

another by a plurality of third bridges;

(b) forming a panel of rigid bodies connected to one
another by a plurality of fourth bridges;

(c) forming a panel of lens holders connected to one
another by a plurality of fifth bridges;

(d) forming a panel of second leaf springs connected to
one another by a plurality of sixth bridges; and

(e) stacking the panels of first leaf springs, rigid bodies,
lens holders and second leaf springs one on top of the
other by a single-directional vertical assembly process
to thereby form the panel of spring suspension systems.

3. The method as claimed in claim 1, wherein the step of
separately forming the panel of electromagnetic force gen-
erators comprising:

(a) forming a panel of coil holders connected to one
another by a plurality of seventh bridges with a coil on
each coil holder;

(b) forming a panel of magnet holders connected to one
another by a plurality of eighth bridges with at least one
magnet on each magnet holder; and

(c) stacking the panel of coil holders and the panel of
magnet holders together by a single-directional vertical
assembly process to thereby form the panel of electro-
magnetic force generators.

4. The method as claimed in claim 1, wherein the panel of

spring suspension systems and the panel of electromagnetic
force generators are made of a first material, and the first and
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second bridges are made of a second material which is
different from the first material.

5. A method for manufacturing a lens driving apparatus

formed of a number of components, the method comprising:

(a) separately forming a panel for each component by
connecting a plurality of each of the components
together by a plurality of bridges;

(b) stacking the separately formed panels for each com-
ponent one on top of the other to thereby form a panel
of lens driving apparatus; and

(c) cutting away the bridges of the panels for each
component to form a plurality of separated individual
lens driving apparatus.

6. The method as claimed in claim 5, wherein the com-

ponents and the bridges are made of different materials.

#* #* #* #* #*
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