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A SHAPE MEMORY ALLOY APPARATUS

Field

The present invention relates to a shape memory alloy (SMA) apparatus, a method for
controlling an SMA apparatus, and a method of manufacturing a shape memory alloy

apparatus.

Background

The use of SMA components for use as actuators is known, and their use has particular
advantages in miniature devices. Such actuators may be used, for example, in miniature
cameras for driving movement of the camera lens element along its optical axis for uses such

as autofocusing, zoom, and stabilisation.

As an example, PCT application with publication number W02011/104518 discloses an SMA
actuation apparatus for providing Optical Image Stabilisation (OIS) and autofocus (AF). The
SMA actuation apparatus uses eight SMA actuator wires to move a moveable element on a
support structure, wherein the SMA wires are each arranged inclined with respect to a
notional primary axis. More specifically, the SMA wires are arranged with a pair of the SMA
wires provided on each of four sides around the primary axis. The SMA wires are connected
by crimp members so that on contraction two groups of four SMA actuator wires provides a
force with a component in opposite directions along the primary axis, so that the groups are

capable of providing movement control for all six degree of freedom.

There are other mechanisms, such as scissor jack arrangements, that can be used in a
miniature device to effect motion in a moveable element. However, such arrangement only

permits a linear motion in one direction.

Summary

In the SMA apparatus described herein, by placing the members or biasing elements under
tension only during contraction of the SMA components prevents buckling of the apparatus,
which can occur if the member or biasing element is constantly under tension. Given the
long term high frequency use of such actuators in, for example, camera lens arrangements,

good buckling resistance is highly beneficial.

In addition, the inventors have appreciated the benefits of being able to increase as well as

decrease the separation of two end portions of a member by contraction of SMA components,
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as opposed to contraction of the SMA component only being able to increase the separation

in conventional scissor jack arrangements.

The shape memory alloy actuation apparatus may be, or may be provided in, any one of the
following devices: a smartphone, a camera, a foldable smartphone, a foldable smartphone
camera, a foldable image capture device, an array camera, a 3D sensing device or system,
a servomotor, a consumer electronic device (including domestic appliances such as vacuum
cleaners, washing machines and lawnmowers), a mobile or portable computing device, a
mobile or portable electronic device, a laptop, a tablet computing device, an e-reader (also
known as an e-book reader or e-book device), a computing accessory or computing
peripheral device (e.g. mouse, keyboard, headphones, earphones, earbuds, etc.), an audio
device (e.g. headphones, headset, earphones, etc.), a security system, a gaming system, a
gaming accessory (e.g. controller, headset, a wearable controller, joystick etc.), a robot or
robotics device, a medical device (e.g. an endoscope, inhaler, drug dispenser, etc.), an
augmented reality system or device, a virtual reality system or device, a wearable device, a
drone (aerial, water, underwater, etc.), an aircraft, a spacecraft, a submersible vessel, a
vehicle, an autonomous vehicle (e.g. a driverless car), a tool, a surgical tool, a display screen,

and a touchscreen.

The invention has particular advantages when applied to a miniature camera, for example
where the camera lens element comprises one or more lenses having a diameter of no more

than 15mm, such as in a mobile phone.

The invention is defined by the independent claims to which reference should now be made.

Optional features are set forth in the dependent claims.

There is disclosed a shape memory alloy apparatus comprising: a member comprising a first
end portion and a second end portion; and a shape memory alloy component connected to
the member and being configured to, on contraction, change the separation between the first
end portion and the second end portion of the member, the member being configured to be

in tension during contraction of the shape memory alloy component.

More specifically, the members are configured to react to the tension in the SMA component

by being in tension themselves. As a result, when the SMA component contracts it may pull

on the members and thus placing them in tension. By only placing the member in tension

during contraction of the shape memory alloy component, the member, and thus the

apparatus, cannot buckle. This makes the apparatus more stable. This may be achieved by

arranging the member outside the shape memory alloy component such that only when the
2
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wire contracts are the members in tension. That is, the shape memory alloy component may
be arranged to be outside of the area defined by the first and second portions of the member.
Furthermore, during actuation the members in the scissor jack may be placed under stress,

thus in a miniature actuator the members are highly susceptible to bending or buckling.

The shape memory alloy apparatus may further comprise: a support structure, the first end
portion of the member being connected to the support structure; and a moveable element,
the second end portion of the member being connected to the moveable element such that
the changing of the separation between the first end portion and the second end portion of
the member is configured to drive movement of the moveable element relative to the support
structure along a movement axis in a first direction. Contraction of the shape memory alloy

component may apply force equally to the moveable element and to the support structure.

The shape memory alloy apparatus may further comprise a second member comprising a
first end portion and a second end portion, the member and the second member forming a
pair of members. The shape memory alloy component may be arranged between the
members of the pair of members and be configured to, on contraction, change the separation

between the first end portion and the second end portion of each of the members.

The pair of members may be a first pair of members and the shape memory alloy apparatus
may further comprise: a second pair of members, each member of the second pair of
members comprising a first end portion and a second end portion, the first portion of each
member being connected to the support structure and the second portion of each member
being connected to the moveable element; and a second shape memory alloy component
arranged between the members of the second pair of members and being configured to, on
contraction, change the separation between the first end portion and the second end portion
of each of the members of the second pair of members to drive movement of the moveable
element relative to the support structure along the movement axis in the first direction or in a
second direction. The second direction may be opposite to the first direction. In other words,
the second pair of members may drive movement of the moveable element in the same

direction as the first pair of members, or in the opposite direction.

The first and second pairs of members may be arranged on opposing sides of the moveable

element with respect to a plane perpendicular to the movement axis. The first shape memory

alloy component may be configured to, on contraction, increase the separation between the

first end portion and the second end portion of each of the members of the first pair of

members, and the second shape memory alloy component may be configured to, on

contraction, increase the separation between the first end portion and the second end portion
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of each of the members of the second pair of members. In this way, the first and second pairs
of members act as an opposing pair. That is, the first and second shape memory alloy
components drive, on contraction, the moveable element in opposing directions. This allows
for accurate adjustment of the moveable element relative to the support structure. This also
advantageously enables improved compensation for heat variation over prior art systems in
which contraction of different shape memory alloys all moves the moveable element in the
same direction. In addition, this may improve bi-direction movement control in the moveable

element in comparison to a system where a return biasing element is used.

Alternatively, the first and second pairs of members may be arranged on a same side of the
moveable element with respect to a plane perpendicular to the movement axis. The first
shape memory alloy component may be configured to, on contraction, increase the
separation between the first end portion and the second end portion of each of the members
of the first pair of members. The second pair of members may be arranged as an inverted
arrangement to that of the first pair of members to enable movement of the moveable element
in the opposing direction to the first pair of members. An inverted pair of members is a pair
of members which is configured to decrease separation between the first and second arms
of the members upon contraction of a shape memory alloy component arranged between the
members. Therefore, the second shape memory alloy component may be configured to, on
contraction, decrease the separation between the first end portion and the second end
portion of each of the members of the second pair of members. Similarly to the previous
arrangement, the first and second pair of members act as opposing pairs of members. The
first and second shape memory alloy components, on contraction, drive movement of the
moveable element in opposing directions respectively, but in this arrangement, the first and

second pairs of members may be arranged on the same side of the moveable element.

In another alternative arrangement, the first and second pairs of members may be arranged
on a same side of the moveable element with respect to a plane perpendicular to the
movement axis, but in this arrangement, the first and second shape memory alloy
components may both be configured to increase the separation of the first and second end
portions of the their respective pairs of members. In this way, both the pairs of members drive
movement of the moveable element in the same (first) direction. The shape memory alloy
apparatus may further comprise a return or biasing mechanism, for example a spring, to
return or bias the moveable element along the second direction after contraction of the shape
memory alloy components and movement of the moveable element. The pairs of members
may be arranged on opposite sides of the moveable element when viewed along the

movement axis.
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The shape memory alloy apparatus may further comprise a third pair of members and a
fourth pair of members. Each member of the third and fourth pairs of members may comprise
a first end portion and a second end portion, and the first end portion of each member may
be connected to the support structure and the second end portion of each member may be
connected to the moveable element. The shape memory alloy apparatus may further
comprise third and fourth shape memory alloy components which may be arranged between
the members of the third and fourth pairs of members respectively and may be configured
to, on contraction, change the separation between the first end portion and the second end
portion of each of the members of the third and fourth pairs of members respectively to drive
movement of the moveable element relative to the support structure along the movement
axis in the first and second direction respectively. Thus, the third and fourth pair of members
may act in opposition with one another, similarly to the first and second pairs of members.
By providing four pairs of members in this way, two of the pairs of members act to move the
moveable element in a first direction, and two of the pairs of members may act to move the
moveable element in a second direction. This second direction may be the same, or opposing
direction to the first direction This provides even more accurate control over the moveable

element.

Each of the four pairs of members may be arranged on a respective one of four sides of the
moveable element around the movement axis. In other words, when viewed along the
movement axis, the four pairs of members may surround the moveable element. Opposing
pairs of pairs of members (for example the first and second pairs, and the third and fourth

pairs) may be arranged on adjacent sides of the moveable element.

The pairs of members in opposition compensate for temperature variation and allow the use
of faster heating contraction of the shape memory alloy components to drive the moveable
element in both the first and second directions, rather than relying on cooling to move the
moveable element in a second direction as in the prior art. With separate control of all four
pairs of members (and all four shape memory alloy components) the moveable element can
be tilted. This allows for an optical image stabilisation using lens tilt, which can be used to
reduce motion blur on images. The tilt control may be used in a standalone autofocusing
module to compensate for static tilt assembly tolerances, which avoids the need for more

expensive active alignment processes which are used to eliminate static tilt.

The pairs of members may be arranged in various ways in order to provide pairs of members

acting in opposition. The first and third pairs of members may be arranged on opposing sides

of the moveable element to the second and fourth pairs of members with respect to a plane

perpendicular to the movement axis. In this case, the first and third shape memory alloy
5
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components may be configured to, on contraction, increase the separation between the first
end portion and the second end portion of each of the members of the first and third pairs of
members respectively; and the second and fourth shape memory alloy components may be
configured to, on contraction, increase the separation between the first end portion and the
second end portion of each of the members of the second and fourth pairs of members

respectively.

Alternatively, the first, second, third, and fourth pairs of members may be arranged on a same
side of the moveable element with respect to a plane perpendicular to the movement axis.
In this case, the first and third shape memory alloy components may be configured to, on
contraction, increase the separation between the first end portion and the second end portion
of each of the members of the first and third pairs of members respectively; and the second
and fourth shape memory alloy components may be configured to, on contraction, decrease
the separation between the first end portion and the second end portion of each of the
members of the second and fourth pair of members respectively. The first and third pairs of
members may be identical to the second and fourth pairs of members and thus they operate
in opposing directions. Alternatively, the first and third pairs of members may be inverted with
respect to the second and fourth pairs of members, and thus they operate in the same

direction.

An image sensor may be mounted to the support structure. The moveable element may be
a lens carriage comprising at least one lens, and the lens carriage may be arranged to focus
an image onto the image sensor. The movement axis may be along an optical axis of the
lens element. The at least one lens may comprise a liquid lens. The combination of vertical
and tilt actuation can be used to move the top surface of a liquid lens which can be used to
deliver autofocus and stabilisation functions. The members may suspend the camera lens

element on the support structure.

The shape memory alloy apparatus may further comprise a controller arranged to supply
drive signals to the shape memory alloy components for moving the moveable element along
the movement axis. For example, the controller may supply a drive signal to heat the shape
memory alloy components causing them to contract, which changes the separation of the
first end portion and the second end portion of the members to which the shape memory
alloy components are attached, in turn moving the moveable element relative to the support

structure.

According the present invention, there is provided the shape memory alloy apparatus of claim
1. In particular, the shape memory alloy apparatus comprises: a support structure; a
6
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moveable element; a first pair of members and a second pair of members, each member
comprising a first end portion and a second end portion; a first shape memory alloy
component arranged between the members of the first pair of members and being configured
to, on contraction, change the separation between the first end portion and the second end
portion of the members of the first pair of members to drive movement of the moveable
element relative to the support structure along a movement axis in a first direction; and a
second shape memory alloy component arranged between the members of the second pair
of members and being configured to, on contraction, change the separation between the first
end portion and the second end portion of the members of the second pair of members to
drive movement of the moveable element relative to the support structure along the
movement axis in a second direction, the second direction being opposite to the first
direction. With this arrangement, the first and second pairs of members act in opposition to
move the moveable element in opposite directions upon contraction of the shape memory
alloy components. The pairs of members in opposition compensate for temperature variation
and allow the use of faster heating contraction of the shape memory alloy components to
drive the moveable element in both the first and second directions, as opposed to only be

able to drive movement in a single direction upon heating and contraction.

The first and second pairs of members may be arranged on opposing sides of the moveable
element with respect to a plane perpendicular to the movement axis. In this case, the first
shape memory alloy component may be configured to, on contraction, increase the
separation between the first end portion and the second end portion of each of the members
of the first pair of members; and the second shape memory alloy component may be
configured to increase the separation between the first end portion and the second end

portion of each of the members of the second pair of members.

Alternatively, the first and second pairs of members may be arranged on a same side of the
moveable element with respect to a plane perpendicular to the movement axis. In this case,
the first shape memory alloy component may be configured to increase the separation
between the first end portion and the second end portion of each of the members of the first
pair of members; and the second shape memory alloy component may be configured to
decrease the separation between the first end portion and the second end portion of each of

the members of the second pair of members.

The shape memory alloy apparatus may further comprise a third pair of members and a

fourth pair of members, each member of the third and fourth pairs of members comprising a

first end portion and a second end portion. The first end portion of each member may be

connected to the support structure and the second end portion of each member may be
7
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connected to the moveable element. Such connection may be effected by heat staking or by
gluing. The shape memory alloy apparatus may also comprise third and fourth shape
memory alloy components which may be arranged between the members of the third and
fourth pairs of members respectively and may be configured to change the separation
between the first end portion and the second end portion of each of the members of the third
and fourth pairs of members respectively to drive movement of the moveable element relative
to the support structure along the movement axis in the first and second direction

respectively.

Each pair of members is arranged on a respective one of four sides of the moveable element
around the movement axis. In other words, when viewed along the movement axis, the four
pairs of members may surround the moveable element. Opposing pairs of pairs of members
(for example the first and second pairs, and the third and fourth pairs) may be arranged on

adjacent sides of the moveable element.

The pairs of members may be arranged in various ways in order to provide pairs of members
acting in opposition. For example, the first and third pairs of members may be arranged on
opposing sides of the moveable element to the second and fourth pairs of members with
respect to a plane perpendicular to the movement axis. The first and third shape memory
alloy components may be configured to, on contraction, increase the separation between the
first end portion and the second end portion of each of the members of the first and third
pairs of members respectively; and the second and fourth shape memory alloy components
may be configured to, on contraction, increase the separation between the first end portion
and the second end portion of each of the members of the second and fourth pairs of

members respectively.

Alternatively, the first, second, third, and fourth pairs of members may be arranged on a
same side of the moveable element with respect to a plane perpendicular to the movement
axis. The first and third shape memory alloy components may be configured to, on
contraction, increase the separation between the first end portion and the second end
portion of each of the members of the first and third pairs of members respectively; and the
second and fourth shape memory alloy components may be configured to, on contraction,
decrease the separation between the first end portion and the second end portion of each

of the members of the second and fourth pair of members respectively.

In another alternative arrangement, the first and second pairs of members may be
arranged on a same side of the moveable element with respect to a plane perpendicular to

the movement axis, but in this arrangement, the first and second shape memory alloy
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components may both be configured to increase the separation of the first and second end
portions of the their respective pairs of members. In this way, both the pairs of members
drive movement of the moveable element in the same (first) direction. The shape memory
alloy apparatus may further comprise a return or biasing mechanism, for example a spring,
to return or bias the moveable element along the second direction after contraction of the
shape memory alloy components and movement of the moveable element. The pairs of
members may be arranged on opposite sides of the moveable element when viewed along

the movement axis.

According to the present invention, the members may or may not be tension-based
members, i.e. members that are only placed under tension reacting to tension in the shape

memory alloy component as it contracts.

An image sensor may be mounted to the support structure. The moveable element may be
a lens carriage comprising at least one lens, and the lens carriage may be arranged to focus
an image onto the image sensor. The movement axis may be along an optical axis of the
lens element. The at least one lens may comprise a liquid lens. The members may suspend

the camera lens element on the support structure.

In such arrangement, the members may provide sufficient mechanical advantage for use
with a miniature camera. The mechanical advantage may be 5.5:1. A 600um mechanical
stroke may be achieved from a 220um shape memory alloy component stroke. The force
required to overcome deflection or deformation of the flexure members in order achieve the

full stroke may be less than 20mN.

The shape memory alloy component may be connected to the member at a position between
the first end portion and the second end portion. The shape memory alloy component may
be connected to the member at a midpoint between the first end portion and the second end

portion.

The members may be flexures. A flexure is a flexible element configured to be compliant in
specific degrees of freedom. The members or flexures may at least define V-shaped
structures. The V-shaped structures may each comprise a pivot which may be at the point
where the first end portion meets the second end portion. The shape memory alloy
components may be connected to their respective flexures at the pivot. Optionally, the angle
defined between the shape memory alloy components and the first and second end portions
of their respective flexures is from 10 degrees to 45 degrees, preferably from 20 degrees to

30 degrees, more preferably from 22 degrees to 26 degrees, and most preferably 23

9
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degrees. Alternatively, the flexures may at least define a curved shape. For example, each
flexure may at least define a semi-circular shape. The members or flexures may comprise,
or be made entirely from, stainless steel, spring steel, or copper alloys such as phosphor
bronze which are particularly suited for lower electrical resistance. In some embodiments,
the flexure is an electrical conductor for forming electrical communication between the SMA

wires and electrical terminals.

The shape memory alloy components may be secured to the members by crimp portions. A
crimp portion may be a crimp head attached to the member by laser welding. The members
may be connected to the moveable element and the support structure by heat staking or
glueing. The members may comprise folded portions which are folds out of the plane of
movement of the member to transfer load and ensure that the member moves and flexes in

the right place by stiffening the folded sections.

There is also disclosed a method of controlling a shape memory alloy apparatus, the method
comprising: contracting a shape memory alloy component; placing, by contracting the shape
memory alloy component, a member under tension; and changing, by placing the member
under tension, the separation between a first end portion and a second end portion of the
member. With this method, the member is only placed under tension during contraction of
the shape memory alloy component and is not under tension or compression when at rest
(when the shape memory alloy component is not contracted) which eliminates the possibility
of the member buckling when the apparatus is at rest. The method may be a method of

controlling any shape memory alloy apparatus as previously described.

The changing of separation between the first end portion and the second end portion of the
member may drive movement of a moveable element relative to a support structure along a

movement axis.

The apparatus controlled by the method may be used for one or more of. autofocusing,

optical image stabilisation, zoom, and haptics.

There is also provided another method of controlling a shape memory alloy apparatus, the
method comprising: contracting a first shape memory alloy component; changing the
separation between a first end portion and a second end portion of a first member due to the
contraction of the first shape memory alloy component to drive movement of a moveable
element relative to a support structure in a first direction along a movement axis; contracting
a second shape memory alloy component; and changing the separation between a first end
portion and a second end portion of a second member due to the contraction of the second
10



20 01 22

10

15

20

25

30

35

shape memory alloy component to drive movement of a moveable element relative to a
support structure in a second direction along a movement axis, the second direction being
opposite to the first direction. With this method, the moveable element can be moved in both
a first and second direction by contracting a first or second shape memory alloy component
respectively. Thus, this allows the use of faster heating contraction of the shape memory
alloy components to drive the moveable element in both the first and second directions, as
opposed to only be able to drive movement in a single direction upon heating and contraction.
This method may also be used for controlling any shape memory alloy apparatus as

previously described.

The movement of the moveable element may cause the moveable element to tilt about an
axis perpendicular to the movement axis. An image sensor may be mounted to the support
structure. The moveable element may be a lens carriage comprising at least one lens. The
movement axis may be along an optical axis of the lens element. The movement of the
lens carriage may provide one or both of optical image stabilisation and autofocusing of an
image acquired at the image sensor. The apparatus may be used for one or more of:

autofocusing, optical image stabilisation, zoom, and haptics.

There is also disclosed a method of manufacturing a shape memory alloy apparatus, the
method comprising: etching at least one member onto a single sheet; assembling the
single sheet comprising the at least one member into a frame; depositing the at least one
member from the frame onto a surface; and securing a shape memory alloy component to
the at least one member. The method of manufacture may be a method of manufacture of

any shape memory alloy apparatus previously described.

Brief Description of the Drawings

Certain embodiments of the presently-claimed invention will now be described, by way of

example only, with reference to the accompanying drawings, in which:

Figure 1 is a perspective view of a shape memory alloy apparatus;

Figure 2 is a perspective view of a shape memory alloy apparatus embodying an aspect of

the present invention;

Figure 3 is a plan-view of a shape memory alloy apparatus embodying an aspect of the

present invention; and

11
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Figure 4 is a perspective view of a shape memory alloy apparatus embodying an aspect of

the present invention.

Like features are denoted by like reference numerals.

Detailed description

Example shape memory alloy apparatuses will now be described with reference to Figures
1to 6.

Figure 1 illustrates a shape memory alloy apparatus 1, which comprises a member 3. The
member 3 comprises a first end portion 5 and a second end portion 7. In this example, the
member is a phosphor bronze flexure 3. The flexure 3 is connected to a shape memory alloy
component 9 by a crimp portion 8. In this example, the SMA component is an SMA wire 9.
The crimp portion 8 is a crimp head connected to the flexure 3 by, in this example, laser
welding. The first end portion 5 of the flexure 3 is connected to a support structure 11. The
second end portion 7 of the flexure 3 is connected to a moveable element 13. In this example,

the end portions 5,7 are glued to the support structure 5 and the moveable element 13.

When at rest, the flexure 3 is not under tension. The flexure 3 is only tensioned when the
SMA wire 9 is contracted. SMA material has the property that, on heating, undergoes a solid-
state phase change which causes the SMA material to contract. At low temperatures the
SMA material enters the Martensite phase. At high temperatures the SMA enters the
Austenite phase which induces a deformation causing the SMA material to contract. The
phase change occurs over a range of temperature due to the statistical spread of transition
temperature in the SMA crystal structure. Thus, heating of SMA component or wire 9 causes

it to decrease in length.

During use, a drive signal is provided to the SMA wire 9 by a controller (not shown). The
drive signal heats the SMA wire 9 and causes it to contract. This places the flexure 3 under
tension. In this example, as the SMA wire 9 contracts, the flexure 3 is pulled and the
separation between the first and second end portions 5, 7 is therefore increased. Due to the
end portions being connected to the support structure 11 and the moveable element 13, the
moveable element 13 is moved relative to the support structure 11 in a first direction along a

movement axis 4.

12
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The gearing achieved by the members depends on the angle of the first and second end
portions of the member 5, 7 to the direction of motion and is shown in the following Equation
1.

InitialZ — FinalZ

. : Gearing —
Equation 1 earing S ASiroke
where: Initial Z = L;Sin(6)

) ) Wire Stroke\*
and: Final Z = \/(Lf — <LfCos(9) + T)

where 8 is the exterior angle between horizontal (defined as the plane of the shape memory

alloy component) and the first or second portion of the member 5, 7, and L is the length of

member 5, 7. The gear ratio does not have a linear relationship with the angle. As the angle
of the member approaches horizontal, the gear ratio tends towards infinite. The angle may
be between 10 degrees and 45 degrees, such as 20 degrees to 30 degrees, such as 22

degrees to 26 degrees, or 23 degrees.

Figure 2 illustrates the shape memory alloy apparatus 1 as in Figure 1, but also includes a
second member, which again is a flexure 15 in this example. The flexure 15 comprises a first
end portion 17 and a second end portion 19. Connected to the flexure 15 is the SMA wire 9,
also connected to the flexure 15 by a crimp head 18. The first end portion 17 and the second
end portion 19 are heat staked to the support structure 11 and the moveable element 13

respectively. The member 3 and the second member 15 form a pair of members 21.

In use, the SMA wire 9 is contracted as above, which places both flexures 3, 15 under tension
and causes the separation of the first 5, 15, and second 7, 17 end portions to increase
respectively. Due to the connections with the support structure 11 and the moveable element
13, this causes the moveable element 13 to move in a first direction, which in this example

is in a direction away from the support structure along the movement axis 4.

Figure 2 also illustrates a second pair of members 23, which is similar in many ways to the
pair of members 21, but significantly differs in that flexures 25, 27 are arranged such that
contraction of the SMA wire 29 moves the moveable element 13 in a second direction relative
to the support structure 11. The second direction is opposite to the first direction. So, in this
example, the moveable element 13 moves towards the support structure 11 along the

movement axis 4 by contraction of the SMA wire 29. The pair of members 21 and the second
13
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pair of members 23 therefore act to oppose one another. In this example shown in Figure 2,
the flexures 25, 27 of the pair of flexures 23 are inverted flexures to the flexures 3, 15 of the
pair of flexures 21. This allows for the pairs of flexures 21, 23 to be arranged on the same
side of the moveable element 13 with respect to a plane perpendicular to the movement axis
4. An alternative arrangement of the pairs of flexures is illustrated in Figure 4 explained

below. By providing opposing pairs of flexures, the moveable element may be tilted.

Figure 3 illustrates a plan view of the arrangement of Figure 2. As well as the pair of flexures
21 and the second pair of flexures 23, there is also a third pair of flexures 31 and a fourth
pair of flexures 33. The third pair of flexures 31 is identical to the pair of flexures 21 in all
aspects except its position on the apparatus. The third pair of flexures 31 is arranged on a
side opposite to the pair of flexures 21 and on a side of the moveable element 13
perpendicular to the second pair of flexures 23 when viewed along the movement axis 4. The
third pair of flexures 31 acts to drive movement of the moveable element 13 relative to the
support structure 11 in the first direction. The fourth pair of flexures 33 is identical to the
second pair of flexures 23 in all aspects except its position on the apparatus. The fourth pair
of flexures 33 acts to drive movement of the moveable element 13 relative to the support
structure 11 in the second direction. The fourth pair of flexures 33 is arranged on a side of
the moveable element 13 opposite to the second pair of flexures 21 and on a side of the
moveable element 13 perpendicular to the pair of flexures 21 and the third pair of flexures
31 when viewed along the movement axis 4. Thus, the four pairs of flexures 21, 23, 31, 33
are arranged on respective one of four sides of the moveable element 13 around the

movement axis 4.

In use, the SMA wires arranged between each of the pairs of flexures may be individually
heated and thus contracted. Therefore, the moveable element 13 may be moved both away
from and towards the support structure 11, but also the moveable element 13 can be tilted,
e.g. rotate about an axis perpendicular to the primary axis 4, by contracting only selected
SMA wires. In this example, as in Figure 2, the pairs of flexures are all arranged on the same
side of the moveable element 13 with respect to a plane perpendicular to the movement axis
4, which is achieved by having inverted flexures and non-inverted flexures which act to

oppose one another.

Figure 4 illustrates an alternative arrangement of a shape memory alloy apparatus. In this

example, the moveable element 13 is a lens carriage moveable through an aperture of the

support structure 11 in a direction along the movement axis 4. Two pairs of flexures 23a, 23b

are arranged on two adjacent sides of the moveable element 13 similarly to the arrangements

previously described. In other embodiments, an additional pair of flexures are provided
14
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opposite of each pair of flexures 23a, 23b. In contrast to the embodiment as shown in Figure
2, only inverted flexures pairs 23a, 23b are used. By using the same type of flexures to effect
a bi- directional movement, such arrangement may advantageously simplify control, as well

as force balance between the flexures.

As illustrated in Figure 4, the inverted flexures pairs 23a, 23b are in stack arrangement. As
the SMA wires contract, the separation between the end portions of the individual flexures is
decreased. For example, a first flexure pair 23a are connected between an upper portion of
the moveable element 13 and the support structure 11. As the SMA wire 9a contracts the
flexure pair 23a pulls the moveable element 13 in a downward direction. A second flexure
pair 23b are connected between a lower portion of the moveable element 13 and the support
structure 11. As the SMA wire 9b contracts the flexure pair 23b pulls the moveable element

13 in an upward direction.

In some embodiments, the flexure pairs 23a, 23b may be replaced by non-inverted flexure
pairs 21 as shown in Figure 2. In such embodiments, upon actuation of the SMA wires, the
first flexure pair connected between the upper portion of the moveable element may pull the
moveable element in the upward direction, and the second flexure pair connected between
the lower portion of the moveable element may pull the moveable element in the downward
direction.

Combinations of non-inverted and inverted flexures, or flexures placed on the same or
opposing sides of the moveable element 13 with respect to a plane perpendicular to the

movement axis 4 may be used similarly to the examples described above.

Embodiments of the present invention have been described. It will be appreciated that
variations and modifications may be made to the described embodiments within the scope
of the present invention. For example, arrangements, positioning, and types of the various
pairs of flexures are not limited to those described above and any combination of position

and type of flexures falls within the scope of the present invention.
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Claims

1. A shape memory alloy apparatus comprising:

a support structure;

a moveable element;

a first pair of members and a second pair of members, each member comprising a
first end portion and a second end portion;

a first shape memory alloy component arranged between the members of the first
pair of members and being configured to, on contraction, change the separation between
the first end portion and the second end portion of the members of the first pair of members
to drive movement of the moveable element relative to the support structure along a
movement axis in a first direction; and

a second shape memory alloy component arranged between the members of the
second pair of members and being configured to, on contraction, change the separation
between the first end portion and the second end portion of the members of the second
pair of members to drive movement of the moveable element relative to the support
structure along the movement axis in a second direction, the second direction being

opposite to the first direction.

2. A shape memory alloy apparatus according to claim 1 wherein:

the first and second pairs of members are arranged on opposing sides of the
moveable element with respect to a plane perpendicular to the movement axis;

the first shape memory alloy component being configured to, on contraction,
increase the separation between the first end portion and the second end portion of each of
the members of the first pair of members; and

the second shape memory alloy component being configured to increase the
separation between the first end portion and the second end portion of each of the

members of the second pair of members.

3. A shape memory alloy apparatus according to claim 1 wherein:

the first and second pairs of members are arranged on a same side of the
moveable element with respect to a plane perpendicular to the movement axis;

the first shape memory alloy component being configured to increase the
separation between the first end portion and the second end portion of each of the
members of the first pair of members; and

the second shape memory alloy component being configured to decrease the
separation between the first end portion and the second end portion of each of the

members of the second pair of members.
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4. A shape memory alloy apparatus according to claim 1 further comprising:

a third pair of members and a fourth pair of members, each member of the third and
fourth pairs of members comprising a first end portion and a second end portion, the first
end portion of each member being connected to the support structure and the second end
portion of each member being connected to the moveable element; and

third and fourth shape memory alloy components arranged between the members
of the third and fourth pairs of members respectively and being configured to change the
separation between the first end portion and the second end portion of each of the
members of the third and fourth pairs of members respectively to drive movement of the
moveable element relative to the support structure along the movement axis in the first and

second direction respectively.

5. A shape memory alloy apparatus according to claim 4 wherein each pair of
members is arranged on a respective one of four sides of the moveable element around

the movement axis.

6. A shape memory alloy apparatus according to claim 5 wherein:

the first and third pairs of members are arranged on opposing sides of the
moveable element to the second and fourth pairs of members with respect to a plane
perpendicular to the movement axis;

the first and third shape memory alloy components being configured to, on
contraction, increase the separation between the first end portion and the second end
portion of each of the members of the first and third pairs of members respectively; and

the second and fourth shape memory alloy components being configured to, on
contraction, increase the separation between the first end portion and the second end

portion of each of the members of the second and fourth pairs of members respectively.

7. A shape memory alloy apparatus according to claim 5 wherein:

the first, second, third, and fourth pairs of members are arranged on a same side of
the moveable element with respect to a plane perpendicular to the movement axis;

the first and third shape memory alloy components being configured to, on
contraction, increase the separation between the first end portion and the second end
portion of each of the members of the first and third pairs of members respectively; and

the second and fourth shape memory alloy components being configured to, on
contraction, decrease the separation between the first end portion and the second end

portion of each of the members of the second and fourth pair of members respectively.

8. A shape memory alloy apparatus according to any of claims 1 to 7 wherein:

an image sensor is mounted to the support structure;
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the moveable element is a lens carriage comprising at least one lens; and

the movement axis is along an optical axis of the lens element.

9. A shape memory alloy apparatus according to claim 8 wherein the at least one lens

comprises a liquid lens.

10. A shape memory alloy apparatus according to claim 8 or claim 9 wherein the

members suspend the camera lens element on the support structure.

11. A shape memory alloy apparatus according to any of claims 1 to 10 further
comprising a controller arranged to supply drive signals to the shape memory alloy

components for moving the moveable element along the movement axis.

12. A shape memory alloy apparatus according to any preceding claim wherein the
shape memory alloy component being connected to the member at a position between the

first end portion and the second end portion.

13. A shape memory alloy apparatus according to any preceding claim wherein the

members are flexures.

14, A shape memory alloy apparatus according to claim 13 wherein the flexures at least
define V-shape structures each comprising a pivot, the shape memory alloy component

being connected to the pivot.

15. A shape memory alloy apparatus according to claim 14 wherein the angle defined
between the shape memory alloy components and the first and second end portions of
their respective flexures is from 10 degrees to 45 degrees, preferably from 20 degrees to
30 degrees, more preferably from 22 degrees to 26 degrees, and most preferably 23

degrees.

16. A shape memory alloy apparatus according to claim 13 wherein the flexures at least

define a curved shape such as a semi-circular shape.

17. A shape memory alloy apparatus according to any preceding claim wherein the

shape memory alloy components are secured to the members by crimp portions.

18
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