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CAMERA ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent
application Ser. No. 15/326,865, filed on Jan. 17, 2017,
which is a 371 U.S. National Stage of International Appli-
cation No. PCT/GB2015/052043, filed on Jul. 15, 2015,
which claims the benefit of and priority to British Patent
Application No. 1412848.2, filed on Jul. 18, 2014. The entire
disclosures of each of the above applications are incorpo-
rated herein by reference.

FIELD

[0002] The present invention relates to a camera assembly
capable of providing both an autofocus (AF) function and an
optical image stabilisation (OIS) function.

BACKGROUND

[0003] The present invention is concerned with integration
of the components providing the AF function and an OIS
function.

[0004] By way of example, a camera assembly of this type
is disclosed in WO-2013/75197 and WO-2014/083318. In
the camera assembly disclosed therein, an AF function and
an OIS function are provided as follows.

[0005] The lens assembly comprises a lens carriage, at
least one lens having an optical axis and supported on the
lens carriage in a manner allowing movement of the lens
along its optical axis and an AF actuator arrangement
arranged to move the lens relative to the lens carriage along
the optical axis, for providing focussing.

[0006] The lens carriage is supported on the support
structure in a manner allowing movement of the lens assem-
bly relative to the support structure in a plane perpendicular
to the optical axis. An OIS assembly is arranged to move the
lens carriage relative to the support structure in said plane
perpendicular to the optical axis. In WO-2013/75197 and
WO-2014/083318, the OIS assembly comprises shape
memory alloy (SMA) wires as an actuator for driving the
movement, although in general other types of actuator could
be used.

[0007] SMA actuator wires are known for use in miniature
cameras to effect focus, zoom or optical image stabilization
(OIS), as disclosed for example in WO-2013/75197 and
WO-2014/083318.

[0008] A first aspect of the present invention is concerned
with making of an electrical connection to the AF actuator
arrangement, for example for providing power and control
signals. As the AF actuator arrangement is provided on the
lens assembly which is movable, such an electrical connec-
tion needs to accommodate that movement.

[0009] In this regard, WO-2014/083318 discloses making
of an electrical connection through a suspension system of
the OIS assembly, in particular through flexures which
suspend the lens assembly on the support structure. This
provides a neat and compact connection to the AF actuator
arrangement. However, it has the disadvantage that only two
electrical leads are provided, whereas for more advanced AF
systems more than two connections are needed, for example
providing leads for sensing and communications in addition
to leads for ground and power.
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SUMMARY

[0010] According to the first aspect of the present inven-
tion, there is provided a camera assembly comprising: a
support structure; a lens assembly comprising a lens car-
riage, at least one lens having an optical axis and supported
on the lens carriage in a manner allowing movement of the
lens along its optical axis and an AF actuator arrangement
arranged to move the lens relative to the lens carriage along
the optical axis, wherein the lens carriage is supported on the
support structure in a manner allowing movement of the lens
assembly relative to the support structure in a plane perpen-
dicular to the optical axis; and an OIS assembly arranged to
move the lens carriage relative to the support structure in
said plane perpendicular to the optical axis, the camera
assembly further comprising a flexible printed circuit tape
connected between the support structure and the lens assem-
bly and providing an electrical connection to the AF actuator
arrangement, the flexible printed circuit tape being bent
around a corner.

[0011] Thus, flexible printed circuit tape connected
between the support structure and the lens assembly is used
to provide an electrical connection to the AF actuator
arrangement. The use of flexible printed circuit tape allows
multiple, for example three or more, separate electrical
connections to be provided.

[0012] However, it has been appreciated that flexible
printed circuit tape may in general provide insufficient
accommodation of the motion of the lens carriage relative to
the support structure driven by the OIS assembly, because
such motion may in general be in any direction in the plane
perpendicular to the optical axis, whereas flexible printed
circuit tape will typically flex predominantly in a single
direction, that is perpendicular to its face. Accordingly, the
flexible printed circuit tape is arranged bent around a corner.
As such, it can be arranged to accommodate the motion of
the lens carriage relative to the support structure driven by
the OIS assembly in any direction in the plane perpendicular
to the optical axis.

[0013] Optionally, a bend former may be connected to the
flexible printed circuit tape on each side of the corner. This
provides the advantage that the bend former may constrain
the bend of the flexible printed circuit tape and reduce the
strain on the flexible printed circuit tape, for example
without the need to plastically deform the flexible printed
circuit tape to form the bend.

[0014] Alternatively according the first aspect of the pres-
ent invention, there is provided a camera assembly com-
prising an OIS mechanism and a lens assembly including an
AF mechanism, wherein the OIS mechanism causes the lens
assembly to move in a plane perpendicular to the optical axis
of the lens assembly, and the electrical connection from the
AF mechanism to an external non-moving part comprises
FPC tape bent around a corner. The various features of the
first aspect of the invention may be applied to this alternative
also.

[0015] A second aspect of the present invention is con-
cerned with reducing the complexity and/or the height of the
camera apparatus in a direction along the optical axis.
[0016] According to the second aspect of the present
invention, there is provided a camera assembly comprising:
a support structure; a lens assembly comprising a lens
carriage, at least one lens having an optical axis and sup-
ported on the lens carriage in a manner allowing movement
of'the lens along its optical axis and an AF actuator arrange-
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ment arranged to move the lens relative to the lens carriage
along the optical axis, wherein the lens carriage is supported
on the support structure in a manner allowing movement of
the lens assembly relative to the support structure in a plane
perpendicular to the optical axis; and an OIS assembly
comprising shape memory alloy wires arranged to move the
lens carriage relative to the support structure in said plane
perpendicular to the optical axis, wherein the OIS assembly
comprises a crimp plate connected to the lens assembly
which crimps one end of the shape memory alloy wires, the
crimp plate extending in a plane and provided with at least
one feature that extends out of the plane of the crimp plate
for reducing flexibility of the crimp plate.

[0017] Thus, the second aspect of the present invention
concerns the form of an OIS assembly that comprises a
crimp plate connected to the lens assembly for crimping one
end of the shape memory alloy wires. In particular the crimp
plate is provided with at least one feature that extends out of
the plane of the crimp plate. Such a feature may reduce the
flexibility of the crimp plate. That provides significant
advantage, because the reduced flexibility allows the design
of the OIS assembly to be improved while still providing a
desired amount of rigidity to allow handling during manu-
facture.

[0018] Forexample, in some embodiments the OIS assem-
bly may include less components connected to the crimp
plate, thereby having reduced complexity.

[0019] Similarly, in some embodiments the OIS assembly
may be formed with less height in a direction along the
optical axis, for example by providing less components
connected to the crimp plate and/or reducing the thickness of
the crimp plate or components attached thereto. Such reduc-
tion in height is important in many camera apparatuses
where miniaturisation is an every increasing demand.

[0020] Alternatively according to the second aspect of the
present invention, there is provided a camera assembly
comprising an OIS mechanism and a lens assembly includ-
ing an AF mechanism, wherein the OIS mechanism causes
the lens assembly to move in a plane perpendicular to the
optical axis of the lens assembly, and the lens assembly is
attached to the OIS mechanism at a plate which extends to
crimps attaching the SMA wires of the OIS mechanism. The
various features of the second aspect of the invention may be
applied to this alternative also.

[0021] A third aspect of the present invention is concerned
with reducing the height of the camera apparatus in a
direction along the optical axis.

[0022] According to the third aspect of the present inven-
tion, there is provided a camera assembly comprising: a
support structure; a lens assembly comprising a lens car-
riage, at least one lens having an optical axis and supported
on the lens carriage in a manner allowing movement of the
lens along its optical axis and an AF actuator arrangement
arranged to move the lens relative to the lens carriage along
the optical axis, wherein the lens carriage is supported on the
support structure in a manner allowing movement of the lens
assembly relative to the support structure in a plane perpen-
dicular to the optical axis; and an OIS assembly comprising
shape memory alloy wires arranged to move the lens car-
riage relative to the support structure in said plane perpen-
dicular to the optical axis, wherein at least part of the OIS
assembly overlaps the lens assembly in the direction along
the optical axis.
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[0023] By means of the overlap thus provided, the height
of the camera apparatus is reduced in the direction along the
optical axis. Such reduction in height is important in many
camera apparatuses where miniaturisation is an ever increas-
ing demand.

[0024] Alternatively according to the third aspect of the
present invention, there is provided a camera assembly
comprising an OIS mechanism and a lens assembly includ-
ing an AF mechanism, wherein the OIS mechanism causes
the lens assembly to move in a plane perpendicular to the
optical axis of the lens assembly, and wherein the lens
assembly and OIS mechanism overlap in the direction of the
optical axis. The various features of the third aspect of the
invention may be applied to this alternative also.

DRAWINGS

[0025] To allow better understanding, an embodiment of
the present invention will now be described by way of
non-limitative example with reference to the accompanying
drawings, in which:

[0026] FIG. 1 is a schematic cross-sectional view of a
camera assembly;

[0027] FIG. 2 is a perspective view of the OIS assembly
of the camera assembly;

[0028] FIG. 3 is a perspective view of the camera assem-
bly with the can removed;

[0029] FIG. 4 is a perspective view of a flexible printed
circuit tape of the camera assembly;

[0030] FIG. 5 is a plan view of a bend former for con-
nection to the flexible printed circuit tape;

[0031] FIG. 6 is a perspective view of the bend former
connected to the flexible printed circuit tape;

[0032] FIG. 7 is a perspective view of an alternative bend
former;
[0033] FIG. 8 is a perspective view of a camera assembly

with the can removed with an alternative form of connection
at the lens assembly;

[0034] FIG. 9 is a partial cross-sectional view of a crimp
plate and the lens assembly;

[0035] FIG. 10 is a schematic cross-sectional view of a
comparative example of a camera assembly; and

[0036] FIGS. 11 and 12 are schematic cross-sectional
views of camera assemblies achieving a height reduction
compared to the comparative example of FIG. 10.

DETAILED DESCRIPTION

[0037] A camera assembly 1 is shown in FIG. 1 which is
a cross-sectional view taken along the optical axis O. Except
for some differences described below, the camera assembly
1 has the construction as the camera apparatus described in
FIGS. 1 to 10 of WO-2014/083318, which is incorporated
herein by reference. For brevity, a concise description of the
camera assembly is provided herein, but reference is made
to WO-2014/083318 for further details.

[0038] The camera assembly 1 comprises a lens assembly
20 supported on a support structure 4 by an OIS assembly
40.

[0039] The support structure 4 supports an image sensor 6
which is mounted thereon. The support structure 4 com-
prises a base 5, the image sensor 6 being mounted on the
front side of the base 5. On the rear side of the base 5, there
is mounted an IC (integrated circuit) chip 30 and also a
gyroscope sensor 31. The support structure 4 also comprises
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a can 7 containing the camera assembly 1 and in particular
the OIS assembly 40 for the purpose of encapsulation and
protection.

[0040] The lens assembly 20 comprises a lens carriage 21
in the form of a cylindrical body supporting two lenses 22
arranged along the optical axis O, although in general any
number of one or more lenses 22 may be provided. The
camera assembly 1 is a miniature camera in which the lenses
22 have a diameter of 10 mm or less.

[0041] The lens assembly 20 is arranged to focus an image
onto the image sensor 6. The image sensor 6 captures the
image and may be of any suitable type, for example a CCD
(charge-coupled device) or a CMOS (complimentary metal-
oxide-semiconductor) device.

[0042] The lenses 22 are supported on the lens carriage 21
in the following manner so that the lenses 22 are movable
along the optical axis O relative to the lens carriage 21 for
providing focussing.

[0043] The lenses 22 are fixed to a lens holder 23 which
is itself supported on the lens carriage 21 in a manner
allowing movement of the lens holder 23 and hence the
lenses 22 along the optical axis O. In this example all the
lenses 22 are fixed to the lens holder 23, but in general one
or more of the lenses 22 may be fixed to the lens carriage 21
and so not movable along the optical axis O relative to the
lens carriage 21, leaving at least one of the lenses 22 fixed
to the lens holder 23.

[0044] The lens assembly 20 also comprises an autofocus
actuator arrangement 24 which is provided between the lens
carriage 21 and the lens holder 23 and is arranged to drive
movement of the lens holder 23 and lenses 22 along the
optical axis O relative to the lens carriage 21. The autofocus
actuator arrangement 24 may be any suitable type, for
example being a voice coil motor (VCM) or an arrangement
of SMA actuator wires, such as is described in detail in any
one of WO-2007/113478, WO-2008/099156 or WO-2009/
056822, which are each incorporated herein by reference,
and to which reference is made for a full description.
[0045] The OIS assembly 40 supports the lens carriage 21,
and hence the lens assembly 20 as a whole, in a manner
allowing movement of the lens assembly 20 relative to the
support structure 4 in a plane perpendicular to the optical
axis O as shown by the arrows X and Y. The OIS assembly
40, in operation, moves the lens assembly 20 relative to the
support structure 4 in that plane. Such movement has the
effect that the image formed on the image sensor 6 is moved.
This is used to provide OIS, compensating for image move-
ment of the camera assembly 1, caused by for example hand
shake.

[0046] The construction of the OIS assembly 40 is shown
in FIG. 2 and will now be described.

[0047] The OIS assembly 40 comprises (a) a movable
platform 60 (shown schematically in FIG. 1 and described in
more detail below) connected to the lens assembly 20, in
particular to the to the lens carriage 21, and (b) a support
plate 50 that forms part of the support structure 4 and is
connected to the base 5.

[0048] The movable platform 60 is supported on the
support plate 50 by plural balls 75 and two flexure arms 67.
The support plate 50 has recesses 74 in which respective
balls 75 are located and laterally retained.

[0049] In this example, three balls 75 are provided, but in
general any number of balls 75 could be provided. It is
preferable to provide at least three balls 75 to prevent
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relative tilting of the movable platform 60 and the support
plate 50. Three balls 75 are sufficient to support the support
plate 50 without tilting, and the provision of three balls 75
has the advantage of easing the tolerances required to
maintain point contact with each ball 75 in a common plane.
It would be possible to use more than three balls, for
example four balls 75, which would allow a symmetrical
design.

[0050] The balls 75 act as rotary bearings allowing move-
ment of the camera lens assembly 20 relative to the support
structure 4 in the plane perpendicular to the optical axis O.
The balls 75 may be spherical, or may in general be any
rotary element with curved surfaces that bear against the
movable platform 60 and the support plate 50 and are able
to roll back and forth and around in operation.

[0051] The movable platform 60 and the support plate 50
each have a laminated construction of insulator layers and
metallic layers bonded by adhesive. The insulator layers
may each be made of any suitable electrically insulating
material, for example a polymer material such as kapton
which is a polyimide material commonly used in printed
circuits. The adhesive may be in any suitable form, for
example adhesive-impregnated kapton or a double sided
adhesive between the bonded surfaces.

[0052] The flexure arms 67 each extend between the
movable platform 60 and the support plate 50. Each flexure
arm 67 is provided with a base fitting 68 at the static end of
the flexure arm 67. The base fitting 68 is mounted to the
support plate 50 and hence to the support structure 4 as a
whole. This mounting may be achieved by soldering.

[0053] Each flexure arm 67 is formed integrally with a
moving fitting 69 at the moving end of the flexure arm 67.
The moving fitting 69 is a plate that is laminated into the
movable platform 60, and hence mounted to the camera lens
assembly 20. The moving fitting 69 bears on the balls 75
which are thereby disposed between the support structure 4
and the camera lens assembly 20 and act as rotary bearings.

[0054] The flexure arms 67 are arranged as follows to
provide their mechanical function. Each flexure arm 67 is an
elongate beam connected between the support structure 4
and the camera lens assembly 20.

[0055] The flexure arms 67, due to their intrinsic resil-
ience, bias the support structure 4 and the camera lens
element 20 against the balls 75, the biasing force being
applied parallel to the optical axis O. This maintains the
contact with the balls 75. At the same time, the flexure arms
67 may be laterally deflected to permit said movement of the
camera lens assembly 20 relative to the support structure 4
orthogonal to the optical axis O, to permit an OIS function.

[0056] The flexure arms 67, again due to their intrinsic
resilience, provide a lateral biasing force that biases the
camera lens assembly 20 towards a central position. As a
result, in the absence of driving of the lateral movement of
the camera lens assembly 20, the camera lens assembly 20
will tend towards the central position, even in the absence of
driving.

[0057] The flexure arms 67 are designed as follows to
provide a suitable retaining force on the balls 75 along the
optical axis O and also to permit lateral movement with a
lateral biasing force. The magnitude of the lateral biasing
force is kept low enough as not to hinder OIS, whilst being
high enough to centre the camera lens assembly 20 in the
absence of driving.
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[0058] Each flexure arm 67 has a cross-section with an
average width orthogonal to the optical axis O is that is
greater than its average thickness parallel to the optical axis
O. Each flexure arm 67 extends in an L-shape around the
optical axis O, it in general being desirable that the angular
extent is at least 90 degrees as measured between the ends
of the flexure arm 67.

[0059] In the manufactured state of the OIS assembly 40,
the flexure arms 67 are deflected from their relaxed state to
provide a pre-loading force that biases the support structure
4 and the camera lens assembly 20 against the balls 75.

[0060] The flexure arms 67 are made of a suitable material
that provides a good bearing, provides the desired mechani-
cal properties and is electrically conductive. Typically the
material is a metal having a relatively high yield, for
example steel such as stainless steel.

[0061] The OIS assembly 40 additionally comprises a total
of four SMA actuator wires 80 extending between the
support plate 50 that forms part of the support structure 4
and the movable platform 60 that is connected to the lens
assembly 20.

[0062] The SMA actuator wires 80 are connected at one
end to the support plate 50 by crimp portions 51 formed in
a layer 52 that is one of the laminated layers of the support
plate 50.

[0063] The SMA actuator wires 80 are connected at the
other end to the movable platform 60 by crimp portions 61
formed in a crimp plate 62. The crimp plate 62 is one of the
laminated layers of the movable platform 60 and is therefore
connected to the lens assembly 20. For reasons discussed in
more detail below, the crimp portions 61 are shaped to
extend out of the plane of the crimp plate in a direction
towards the lens assembly 20. The crimp plate 62 is shaped
with steps 64 to position the crimp portions 61 above the
plane of the crimp plate 62 in a direction towards the lens
assembly 20.

[0064] The crimp plate 62 extends in a plane. To reduce its
flexibility, the crimp plate 62 is provided with plural features
63 (in general any number of one or more such features may
be provided) which extend out of the plane of the crimp plate
62. In this case, the features 63 are tabs bent out of the plane
of the crimp plate 62, but in general the features 63 could
have alternative forms. Advantageously, the features 63 may
also be used for alignment and application of adhesive
during manufacture.

[0065] The reduced flexibility of the crimp plate 62 pro-
vides significant advantage, because the reduced flexibility
allows the design of the OIS assembly to be improved while
still providing a desired amount of rigidity to allow handling
during manufacture. For example components of the mov-
able platform 60 such as the crimp plate 62 and the moving
fitting 69 that is formed integrally with the flexure arms 67
may be made thinner than otherwise. Similarly, the movable
platform 60 may be formed by a lesser number of laminated
components than otherwise. For example, WO-2014/083318
discloses arrangements in which the movable plate has an
interface plate, which may be omitted in the present camera
assembly 1. This allows reduction in the complexity and the
height of the camera apparatus 1 in the direction along the
optical axis O.

[0066] The crimp portions 51 and 61 crimp the SMA
actuator wires 80 to hold them mechanically, optionally
strengthened by the use of adhesive.
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[0067] Each of the SMA actuator wires 80 is held in
tension, thereby applying a force between the movable
platform 60 and the support plate 50 in a direction perpen-
dicular to the optical axis O.

[0068] The SMA actuator wires 80 have an arrangement
around the optical axis O as follows. Each of the SMA
actuator wires 80 is arranged along one side of the lens
assembly 20 in a symmetrical arrangement. Considering
each pair of SMA actuator wires 80 on adjacent sides, at the
adjacent ends the SMA actuator wires are both connected to
the support plate 50 or to the movable platform 60, as shown
in FIG. 2. For example, the lowermost pair of SMA actuator
wires 80 in FIG. 2 are attached at their adjacent ends to the
support plate 50 and the leftmost pair of SMA actuator wires
80 in FIG. 2 are attached are attached at their adjacent ends
to the movable plate 60. As a result, movement in any
direction in the plane perpendicular to the optical axis O may
be driven by actuation of the SMA actuator wires 80 in
combination. Actuation of any pair of SMA actuator wires
80 on adjacent sides will move the movable platform 60
relative to the support plate 50 in a direction that bisects that
pair of SMA actuator wires 80. For example, contraction of
the lowermost pair of SMA actuator wires 80 in FIG. 2 will
drive movement in a direction bisecting directions X and Y
in FIG. 2, and so on. Movement in any direction may be
achieved by actuation of appropriate SMA actuator wires 80.

[0069] As a result, the SMA actuator wires 80 are capable
of being selectively driven to move the lens assembly 20
relative to the support assembly 4 to any position in a range
of movement in the plane perpendicular to the optical axis
O. The magnitude of the range of movement depends on the
geometry and the range of contraction of the SMA actuator
wires 80 within their normal operating parameters.

[0070] The position of the lens assembly 20 relative to the
support assembly 4 perpendicular to the optical axis O is
controlled by selectively varying the temperature of the
SMA actuator wires 80. This is achieved by passing through
SMA actuator wires 80 selective drive currents that provide
resistive heating. Heating is provided directly by the drive
current. Cooling is provided by reducing or ceasing the drive
current to allow the SMA actuator wires 80 to cool by
conduction, convection and radiation to its surroundings.
Rapid heating and cooling of the SMA actuator wire 80 is
necessary to compensate for handshake, which typically
occurs at frequencies up to several Hertz. A rapid response
is also needed in focus and zoom applications. For this
reason, the SMA actuator wires 80 are relatively thin,
typically having a diameter of the order of 25 pm, since such
thin wire heats and cools very quickly.

[0071] The control of the SMA actuator wires 80 of the
camera assembly 1 is effected by a control circuit imple-
mented in the IC chip 30 and connected to each of the SMA
actuator wires 80. The control circuit generates drive signals
to effect OIS and supplies them to the SMA actuator wires
80. The drive signals are generated on the basis of the output
signal of the gyroscope sensor 31 that detects the angular
velocity of the lens assembly 20, thereby acting as a vibra-
tion sensor that detects the vibrations of the camera assem-
bly 1. The control may be effected as described in WO-2014/
083318 to which reference is made for further details.

[0072] The control circuit implemented in the IC chip 30
is also electrically connected to the AF actuator arrangement
24 through a flexible printed circuit (FPC) tape 103 which is
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physically connected between the support structure 4 and the
lens assembly 20 as shown in FIGS. 3 and 4, and is arranged
as follows.

[0073] The support structure 4 has input conductive tabs
102 arranged along the base 5 on a first side of the camera
assembly 1 extending transverse to direction X. Control
signals from the control circuit implemented in the IC chip
30 and power from an external supply are supplied to the
input conductive tabs 102. Similarly, the movable platform
60 which is fixed to the lens assembly 20 has output
conductive tabs 104 arranged on a second side of the camera
assembly 1 extending transverse to direction Y, adjacent the
first side.

[0074] The FPC tape 103 is physically and electrically
connected between the input and output conductive tabs 102
and 104. In this example, the FPC tape provides four
separate electrical connections between the input and output
conductive tabs 102 and 104, but may in general provide any
number of connections. The output conductive tabs 104 are
connected to the AF actuator arrangement 24 for supplying
the control signals and power thereto. Optionally, sensor
signals may be supplied in the opposite direction through
electrical connections on the FPC tape 103 from the AF
actuator assembly 24 to the control circuit implemented in
the IC chip 30.

[0075] The FPC tape 103 may have a conventional con-
struction, for example comprising a flexible substrate made
of a suitable material, for example a plastic such as poly-
imide, PEEK or polyester.

[0076] The FPC tape 103 extends from the input conduc-
tive tabs 102 along the first side, and is then bent around a
corner 105 before extending to the output conductive tabs
104 along the second side.

[0077] As the flexible printed circuit tape is arranged bent
around the corner 105, it accommodates the motion of the
lens assembly 20 relative to the support structure 4 in any
direction in the plane perpendicular to the optical axis O. An
FPC tape will typically flex in a single direction perpen-
dicular to its face, while resisting motion in other directions
transverse to its face or along its length. However, as the
FPC tape 103 is bent, the two parts of the FPC tape 103 on
each side of the corner 105 can accommodate motion in
different directions with minimal strain. That is, the part of
the FPC tape 103 on the first side can accommodate motion
of the lens assembly 20 in direction X and the part of the
FPC tape 103 on the second side can accommodate motion
of the lens assembly 20 in direction Y.

[0078] Inthis example, the corner 105 is of 90 degrees and
extends along an axis parallel to the optical axis O. This is
advantageous because it provides the best accommodation
of motion of the lens assembly 20 relative to the support
structure 4 in the plane perpendicular to the optical axis O,
although other configurations with a bend around a corner
may provide similar effects.

[0079] Optionally, the FPC tape 103 may be connected to
a bend former 106 as shown in FIGS. 4 to 6, although the
bend former 106 is not shown in FIG. 3 for clarity. The bend
former 106 is connected to the FPC tape 103 on each side of
the corner 105.

[0080] More specifically, the bend former 106 is shaped to
comprise two mount portions 108 and a bridge portion 109.
The mount portions 108 are connected to the FPC tape 103
at separated locations on each side of the corner 105, as best
seen in FIG. 6. The bridge portion 109 extends between the
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mount portions 108 outside the FPC tape 103 and so without
being connected to the FPC tape 103.

[0081] In an alternative form shown in FIG. 7, the bend
former 106 may comprise two bridge portions 109 extending
between the mount portions 108 outside the FPC tape 103 on
opposite sides of the FPC tape 103.

[0082] The bend former 106 constrains the bending of the
FPC tape 103 and accurately locates the corner 105. In
particular, the corner 105 may be formed without the need
to plastically deform the FPC tape 103. This reduces the
strain on the FPC tape 103 which might otherwise be caused
by the corner 105. Similarly, the bend former 106 keeps the
two parts of the FPC tape 103 on each side of the corner 105
flat and prevents bowing of the tape, contact with the walls
of the can 7 and interference with movement.

[0083] The bend former 106 may advantageously be
formed from metal, although in general any material pro-
viding appropriate structural properties could be used, for
example a plastic.

[0084] The bend former 106 may be formed from a sheet,
for example a sheet of metal. In this case, the bend former
106 may initially be planar and then be shaped by plastically
deforming the bridge portion 109 along an axis 107 which
after connection to the FPC tape 103 is parallel to the corner
105.

[0085] In FIGS. 3 and 4, the output conductive tabs 104
are shown lying horizontally on the movable platform 60.
Typically, the output conductive tabs 104 would be formed
on to the upper portion of the OIS assembly 40 for ease of
connection to the AF actuator assembly 24. As an alternative
shown in FIG. 8, the FPC tape 103 may be provided with
connector tabs 109 for connection to custom tabs 110
provided on the external surface of the lens carriage 21 of
the lens assembly 20 and therefore lying vertically. In this
case, the lens assembly 20 may bear the connector tabs 109
of the FPC 103. In manufacture, the lens assembly 20
bearing the custom tabs 110 is attached to the OIS assembly
40 bearing the FPC tape 103, and the connector tabs 109 of
the FPC 103 are then connected to the custom tabs 110 on
the lens assembly 20.

[0086] There will now be discussed the reason why the
crimp plate 62 is shaped with steps 64 to position the crimp
portions 61 above the plane P of the crimp plate 62 in a
direction towards the lens assembly 20, as shown in FIG. 9.
This has the result of shifting the lens assembly 20 relative
to the OIS assembly 40 such that part of the OIS assembly
40 overlaps the lens assembly 20 in the direction along the
optical axis O, that overlapping part of the OIS assembly
including the SMA actuator wires 80. The overlap is with the
lens holder 23 and also with the lens carriage 21. Such an
overlapping arrangement contrasts with the camera dis-
closed in W0O-2014/083318 wherein the lens assembly is
simply stacked on the OIS assembly.

[0087] Herein, the references to the direction of the over-
lap being along the optical axis O has its normal meaning of
being the direction in which the overlap occurs, that is an
overlap as viewed perpendicular to the optical axis O.
Consequently, the height of the camera apparatus 1 in the
direction along the optical axis O may be reduced. Such a
reduction in height is very significant as miniaturisation is an
ever increasing demand. The height is particularly signifi-
cant in many electronic devices, for example smart phones,
where there is a demand for the thickness of the device to be
reduced. The reduction in height is achieved at the expense
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of increasing the footprint perpendicular to the optical axis
O, but reducing the height is generally of greater impor-
tance.

[0088] Some further alternative constructions for the cam-
era assembly 1 which achieve a similar height reduction by
a similar overlap now be described with reference to FIGS.
10 to 12 which illustrate alternative constructions for the
camera assembly 1. Except for the modifications described
below, in each of the alternative constructions the camera
assembly 1 has the same arrangement as discussed above
and common reference numerals will be used for common
components. In particular, FIGS. 10 to 12 show the OIS
assembly 40 comprising the support plate 50, the movable
platform 60, the SMA actuator wires 80 and the balls 75. The
support plate 50 and the movable platform 60 are illustrated
as comprising plural laminated layers including the crimp
plate 62 that include the crimp portions 61 that crimp the
SMA actuator wires 80. In the constructions of FIGS. 10 to
12, the crimp plate 62 is formed without the steps 64, so that
the crimp portions 61 are in the plane of the remainder of the
crimp plate 62.

[0089] FIG. 10 illustrates a construction of the camera
assembly 1 that is a comparative example in which the lens
assembly 20 is stacked on the OIS assembly 40 in a similar
manner to WO-2014/083318. As a result the OIS assembly
40 does not overlap the lens assembly 20. FIG. 10 shows that
the support plate 50 and the movable platform 60 are
annular, enclosing an aperture 111 through which light from
the lens assembly 20 is transmitted to the image sensor (not
shown in FIG. 10). The crimp plate 62 and the SM A actuator
wires 80 are higher up (in a direction along the optical axis
O towards the lens assembly 20) the laminate stack of the
support plate 50 and the movable platform 60 than the balls
75.

[0090] FIG. 11 illustrates a construction of the camera
assembly 1 in which part of the OIS assembly 40 overlaps
the lens assembly 20 in the direction along the optical axis
O. In this case, that overlapping part of the OIS assembly 40
includes the SMA actuator wires 80 and the movable plat-
form 60, but not the balls 75 and the support plate 50. To
accommodate this overlap, the movable platform 60 com-
prises, as its uppermost layer, a cradle 114 having a step 115
offset from the remainder of the cradle 114 in a direction
along the optical axis O away from the lens assembly 20 and
on which the lens assembly 20 is mounted. FIG. 11 shows
the partial overlap of the OIS assembly 40 and the lens
assembly 20 along the optical axis O. This provides a small
reduction in height and some increase in footprint, to accom-
modate the movable platform 60 outboard of the lens
assembly 20.

[0091] FIG. 12 illustrates a construction of the camera
assembly 1 in which all of the OIS assembly 40, including
the balls 75 and the support plate 50, overlaps the lens
assembly 20 in the direction along the optical axis O. In this
case, the OIS assembly 40 is almost entirely outboard of the
lens assembly 20. FIG. 11 shows the total overlap of the OIS
assembly 40 and the lens assembly 20 along the optical axis
O. To accommodate this overlap, the movable platform 60
comprises a cradle 114 in a similar configuration to that of
FIG. 11, except that the step 115 provides a larger offset from
the remainder of the cradle 114. This construction provides
a very significant height saving, as the ball 75 might
typically measure around 0.6 mm in which case a height
reduction of about 1 mm might be achieved.
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What is claimed is:
1. A camera assembly comprising:
a support structure;

a lens assembly comprising a lens carriage, at least one
lens having an optical axis and supported on the lens
carriage in a manner allowing movement of the lens
along its optical axis and an autofocus actuator arrange-
ment arranged to move the lens relative to the lens
carriage along the optical axis, wherein the lens car-
riage is supported on the support structure in a manner
allowing movement of the lens assembly relative to the
support structure in a plane perpendicular to the optical
axis; and

an optical image stabilisation assembly comprising shape
memory alloy wires arranged to move the lens carriage
relative to the support structure in said plane perpen-
dicular to the optical axis,

wherein at least part of the optical image stabilisation
assembly overlaps the lens assembly in the direction
along the optical axis.

2. The camera assembly according to claim 1, wherein the
part of the optical image stabilisation assembly that overlaps
the lens assembly includes the shape memory alloy wires.

3. The camera assembly according to claim 1, wherein the
optical image stabilisation assembly comprises balls
arranged to perform a bearing function between the support
structure and the lens assembly, and the part of the optical
image stabilisation assembly that overlaps the lens assembly
includes the balls.

4. The camera assembly according to claim 1, wherein the
optical image stabilisation assembly comprises a crimp plate
connected to the lens assembly, the crimp plate comprising
crimp portions that crimp one end of the shape memory alloy
wires, the crimp plate extending in a plane and the crimp
plate is shaped to position the crimp portions above the plane
of the crimp plate in a direction towards the lens assembly.

5. The camera assembly according to claim 1, wherein the
optical image stabilisation assembly comprises a movable
platform including a crimp plate comprising crimp portions
that crimp one end of the shape memory alloy wires and a
cradle, the cradle having step offset from the remainder of
the cradle in a direction along the optical axis away from the
lens assembly to which the lens assembly is connected.

6. The camera assembly according to claim 1, further
comprising an image sensor mounted to the support struc-
ture.

7. The camera assembly according to claim 1, wherein the
at least one lens has a diameter of 10 mm or less.

8. The camera assembly according to claim 1, wherein the
optical image stabilisation assembly further comprises a
movable platform that is connected to the lens assembly and
a support plate that forms part of the support structure, the
shape memory alloy wires being connected between the
movable platform and the support plate.

9. The camera assembly according to claim 8, wherein the
optical image stabilisation assembly further comprises balls
arranged to perform a bearing function between the movable
platform and the support plate.

10. The camera assembly according to claim 9, wherein
the optical image stabilisation assembly further comprises a
resilient element that biases the movable platform and the
support plate against the balls.
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11. The camera assembly according to claim 10, wherein
the resilient element is a flexure arm extending between the
movable platform and the support plate.

12. The camera assembly according to claim 8, wherein
the movable platform and the support plate each have a
laminated construction.

13. The camera assembly according to claim 12, wherein
the movable platform and the support plate each have a
laminated construction of insulator layers and metallic lay-
ers bonded by adhesive.

#* #* #* #* #*

Mar. 21, 2019



